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Preface

In the context of globalization, ‘carbon’ has emerged as a ‘global currency’ and is 
taking on increasingly important functions in global politics, ecological projects 
and economy. One of the most important achievements of the 2018 COP24 confer-
ence in Katowice, Poland, was the commitment of all contracting states to ‘nation-
ally report greenhouse gas emissions and emission reduction efforts to establish a 
unified and transparent set of guidelines’. This means that a set of standards for 
carbon emission reduction will be adopted worldwide that could link actions by 
global organizations, countries and regions. It also means that carbon will be the 
most effective tool to measure regional differences in the world.

In view of this, carbon management has become crucial for regional and local 
livelihood development. This book applies these concepts to the HKH region and 
proposes a carbon management assessment framework at national and regional lev-
els to provide options for further development strategies.

The HKH region, known as the world’s third pole, includes a number of coun-
tries and is one of the world’s largest mountain regions. The area is characterized by 
extreme harsh environmental conditions and by inhabitants who are among the 
poorest in the world. For there to be a progress in the region, livelihood develop-
ment must be linked closely to the climate governance of the region.

In many areas of the HKH, due to travel constraints, the exchange within and out-
side the system is limited. Establishing basic communication with the outside world 
may depend largely on investments from the local governments, even though the 
governments lack finances in much of the HKH. Implementation of the suggestions 
proposed at the COP24 conference that ‘developed countries must provide assistance 
to developing countries in climate governance actions’ via water and carbon manage-
ment, and, therefore, livelihood development is closely related to the natural resources 
of the area. The first task is to solve the livelihood development of local residents in 
the HKH, such as by the application of the ‘community forest’ and ‘community pas-
ture’ systems’ models. The ‘global carbon trading market’ could assist in developing 
these poorer countries as substantial global carbon assets could make it possible to 
strengthen the HKH region and make it more accessible to the rest of the world.



viii

In the HKH region, zoning and classification is a problem as it involves many coun-
tries and regions, different ecosystems and geographic units and a number of ethnic 
groups and cultures among the local residents. For example, although it has been argued 
that the livelihood approach of directly using local materials by the residents is detri-
mental, the carbon and ecological balances and the forest ecosystem have not been 
damaged in the long term by forest management. In addition to the spatial scale and 
management level, the time scale is also vital in establishing accurate and operational 
evaluation schemes. From current results, the implementation of the REDD+ project 
has achieved a long-term improvement in the HKH. However, it is crucial for the local 
governments and residents to be more aware of the potential of the program and improve 
the capacity building for project implementation. For this to occur successfully, there 
must be an active cooperation between the local residents and the government.

In local policies and livelihoods, more and more activities are directly involving 
carbon management issues, especially in the restoration, improvement and sustain-
able management of ecological functions of natural ecosystems. For example, in 
alpine grassland pastoral areas, livelihoods have always been a key consideration in 
ecological function enhancing projects, such as sustainable grazing, artificial grass-
lands and integrated pasture utilization. Optimal utilization of water resources is 
related to the balances of ecological functions and production, especially in culti-
vated lands where effective water use is essential for sustained carbon sequestration 
and livelihood acquisition. As an important linkage of the ecosystem to maintain 
carbon output and carbon cycle, animal and their products, as well as their manage-
ment and marketing, affect the livelihood of the stakeholders and the sustainable 
exchange of material and technical sources from external systems.

Specific methods for improving ecosystem carbon management and ecological 
functions are emphasized in this book. Forests, grasslands, wetlands, deserts and 
farmlands are important ecosystems in the HKH region. In this regard, this book 
discusses the overall carbon pool assessment, the management of each ecosystem 
for enhancing the carbon sink and the strategies to improve livelihood activities. 
The ecosystem service functions are important in the national and regional policy 
decisions and have gained long-term attention in the HKH region. It will be impor-
tant in the future to develop strategies to effectively combine carbon management 
with livelihood development. For this to occur, it is necessary to clearly understand 
the complexity of the geographic, social, economic, ecological and ethnic aspects of 
the HKH region. This is the dilemma that must be faced in this region and presents 
a barrier to the sustainable development in the HKH region.

In conclusion, through this book, we hope to better understand the livelihood 
needs of local residents and to attract more attention to the development of the HKH 
region by effective carbon management, policies and improved technologies and to 
work more closely with global climate governance initiatives. We hope that this 
book succeeds in providing a base for promoting HKH as a model for sustainable 
development in an extremely harsh environment.

Lanzhou, Gansu, China Zhanhuan Shang 
Beer Sheva, Israel  A. Allan Degen 
Islamabad, Pakistan  Muhammad Khalid Rafiq 
Adelaide, SA, Australia  Victor R. Squires 
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Abstract The ratchet effects of global climate change make all countries and 
regions vulnerable. It is believed that if countries/regions are not involved in climate 
change mitigation initiatives, they may be overwhelmed by ‘climate flood’, and 
their citizens may be victims of climate change. The HKH, as the biggest, poorest 
mountain area in the world, faces a big challenge, and efforts should be made to 
understand the status of the HKH and to develop a blueprint for mitigating climate 
change. This chapter integrates several components including: (1) the carbon man-
agement status of the HKH region and the urgent need for livelihood improvement 
and research and development linked with climate issues; (2) the framework for 
evaluating the level and mode of carbon compensation; (3) the strategy of sharing 
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(4) the options for carbon management in HKH over future decades. Finally, this 
chapter provides a short summary of the contents and purpose of this book.

Keywords Carbon cycle · Livelihood improvement · Ecological compensation · 
Indigenous people · Potential framework · HKH region

1.1  Introduction

The Paris Agreement, signed by 200 contracting parties at the Paris Global Conference 
in December 2015, was the first-ever global climate deal, and was an important mile-
stone in tackling global change. Under the challenge of climate change, the motto of 
‘only advance, not retreat’ was initiated in the Agreement. The Agreement was under 
the climate change framework of UN, ‘Kyoto Protocol’ and ‘Bali roadmap’ and was 
based on the principle of ‘common but differentiated responsibilities’ and equity and 
individual competency. Its aim was to strengthen ‘The United Nations convention on 
climate change’. In the Agreement the relation between the control of climate change 
(including action, effect, obtaining sustainable development equally) and eliminating 
poverty was emphasized. Priority subjects included food security and the eradication 
of hunger, in particular, the production of more food despite the adverse impact of 
climate change (Paris Agreement 2016). In addition, the Paris Agreement encouraged 
the development of sustainable livelihoods in backward and developing areas within 
the common action of global climate governance.

Of all ecosystems, the mountain ecosystem, in particular, in developing countries or 
areas, is the most fragile and the most vulnerable to the pressure of global climate 
change (IPCC 2013). The major reason for this is the low level of management, infra-
structure, and ease of adopting techniques in the mountain ecosystem of poor areas. The 
climate governance should assist these impoverished areas and encourage and facilitate 
their participation in the global strategy. The Hindu  Kush- Himalayan region (HKH), 
which includes eight countries (Afghanistan, Bangladesh, Bhutan, China, India, 
Myanmar, Nepal, and Pakistan) lies across the 3500 km from east to west and requires 
such assistance (Fig. 1.1). This region supports about 20% of the world population, 
either directly or indirectly and is characterized by a fragile ecosystem, low livelihood 
security and vulnerable agricultural ecosystem (Sandhu and Sandhu 2015; Shukla et al. 
2016; Pandey et al. 2017). Linking the HKH’s carbon management ability to livelihood 
benefits and recognizing the HKH’s contribution to global carbon management could 
prompt the HKH to participate in the global climate governance campaign initiative 
(Pacala and Socolow 2004; Banskota et al. 2007; Devi et al. 2012; Sharma et al. 2015).

In the history of the global industrialization process, the HKH region was always 
a huge carbon sink, and one of the poorest areas in the world. Poverty problems led 
to residents deforesting much of the area in the past 30 years, which resulted in a 
large increase in carbon emission in non-industrial regions (Singh et al. 1985). In 
addition, over-grazing, forest burning and harvesting trees for fuelwood and con-
struction (Naudiyal and Schmerbeck 2018) are having detrimental effects on the 
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ecosystem. The HKH should be converting the non-industrial carbon emission areas 
to carbon sinks. To encourage such a conversion, a program of carbon compensation 
should be incorporated in the economy to tackle climate change in the HKH region.

1.2  The Common Problem of Carbon Pool Changes, 
Environment and Livelihood

1.2.1  The Basic Status of the Carbon Pool in the HKH

Accurate evaluation of the carbon budget (sequestration and emission) is the basis 
for carbon management, compensation and trade. Developed countries have estab-
lished an accurate evaluation system, but that is not the case in the HKH where the 
system is still very weak (Quéré et al. 2018). Only parts of the carbon budget have 
been determined in areas of the HKH but a more complete, comprehensive carbon 
budget is required (Ward et al. 2014).

The forest ecosystem is the main vegetation type in HKH, and the forest has most 
of the carbon storage (Fig. 1.2). In India, forest carbon storage increased from 4327 
million tons in 1995 to 4680 million tons in 2007 (Dasgupta et al. 2015). In Nepal, 
carbon fixation by forests in alpine area amounted to 2.4 Mt from 1990 to 2010, but 
in Terai, forests were a net carbon emitter of about 1.64 Mt., so that in these 20 years 
(1990–2010) the total forest carbon fixation was about 2.07  Mt(Shrestha et  al. 
2015). In the Wang Chhu watershed of western Bhutan, the total soil carbon pool to 
a depth of 1 m was about 27.1 Mt (Dorji et al. 2014a). In the forested area of the 
southern part of India Kashmir-Himalaya, carbon storage decreased in the past 

Fig. 1.1 Photography of the Hindu Kush-Himalayan mountain (Source from ICIMOD)
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20 years compared with other India-Himalayan temperate coniferous forest (Wani 
et al. 2014). In the Garhwal mountain region of Himalaya, the highest above-ground 
biomass density and carbon density was in the Cedrus deodara forests woodland 
with 464.2 Mg ha−1 and 208.9 Mg C ha−1 (TOC), which is not the situation in Abies 
spectabilis woodland although it has the highest number of tree species and great-
est individual density. The lowest biomass and carbon densities is in the Quercus 
semecarpifolia forests with 283.4  Mg  ha−1 (TBD) and 127.5  Mg C ha−1 (TCD) 
respectively, Quercus semecarpifolia woodland has the lowest number of tree spe-
cies and lower individual density, than the woodland area with dominant tree spe-
cies of Abies spectabilis should enhance the biodiversity for increasing its carbon 
sinking ability (Sharma et al. 2016). Besides forests, the brushwood and grassland 
are important carbon storage pools the in HKH region (Ward et al. 2014) (Table 1.1).

The topographical change is very dramatic in the HKH, and the carbon storage pattern 
is uneven. In the eastern Himalayas of southwestern Bhutan, from the altitude of 317 to 
3300 m, the soil carbon of surface layer (0–30 cm) increased about 4.3 Mg C ha−1 for each 
100 m of altitude (Tashi et al. 2016). Bhattacharyya et al. (2000) estimated a carbon storage 

Fig. 1.2 Alpine forest landscape in Nepal Himalaya region (Photography by Yu Li 2017)

Table 1.1 National estimates 
of carbon stored in mountain 
shrubland and grassland 
ecoregions of HHK region 
(Ward et al. 2014)

Country Land area (ha)
Carbon stock 
range (Pg C)

Afghanistan 7,068,260 0.33–0.44
Bhutan 682,494 0.03–0.05
India 10,244,045 0.48–0.64
Myanmar 666,758 0.03–0.04
Nepal 2,946,719 0.14–0.19
Pakistan 10,945,241 0.52–0.68
China 122,400,000 7.17–9.66
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in the surface soil (0–30 cm) of about 7.89 Pg in the northern mountain land of India. The 
soil layer of 0–150 cm has very high carbon storage of about 18.31 Pg. In the region of 
Garhwal Himalaya, where the forest grows from an altitude of 350 to 3100 m, its carbon 
storage increased from 59 to 245 Mg C ha−1, and among the different forest types in this 
area, carbon storage of coniferous forest was more than in broad-leaf forest (Sharma et al. 
2010). At an altitude 6350 m in north-eastern Himalayan region of India, the soil carbon 
storage of forest and grassland was about 35.2–42.1 Mg ha−1, which was higher than soil 
carbon storage of 27.4–28.4 Mg ha−1 in farmland (Choudhury et al. 2016).

Afforestation activity is an important pathway to enhance carbon storage in the 
HKH region. In the temperate mountains of Kashmir Himalayas, the Juglans regia 
woodland (1800–2000 m) and Betula utilis (2800–3200 m) has an average soil carbon 
storage of 39.07–91.39 Mg C ha−1 at a depth of 0–30 cm. The soil organic carbon stor-
age of Juglans regia woodland (18.55, 11.31, and 8.91 Mg C ha−1, respectively in soil 
layers of 0–10, 10–20, 20–30 cm) is lower than that of Betula utilis (54.10, 21.68, and 
15.60 Mg C ha−1, respectively) (Dar and Somaiah 2015). The planting of Populus 
deltoides could enhance the carbon storage in Terai area of middle Himalaya, for 
example the planting age of P. deltoides from 1 to 11 years, carbon storage increased 
64.4–173.9 Mg ha−1 (Arora et al. 2014). In the farmland area, the afforestation also 
proved to be of high carbon benefit. After 4 and 23 years of planting Grewia optiva, 
the major tree species for planting in the farmland, soil carbon storage was 1.99 Mg ha−1 
and 15.27 Mg ha−1, respectively. The carbon sequestration rate in plantations of G. 
optiva is about 0.63–0.81 Mg ha−1 year−1, and at a soil depth of 0–30 cm the total 
carbon storage is about 25.4–33.6 Mg ha−1 (Verma et al. 2014).

Land utilization pattern is the major driving factor for global carbon pool change 
and is a major factor in HKH. Much of the area has been degraded due to human 
activity. Enhancing vegetation coverage is the basic factor to increase carbon stor-
age (Debasish-Saha et al. 2014). In the foothill areas of the Himalaya, the tropical 
sal forest (Shorea ia robusta) in the terai of Nepal is common in protected reserves, 
and community and government forests, and have increased carbon storage signifi-
cantly. Consequently, the conversion of forest land ownership could increase the 
carbon sink capacity (Gurung et  al. 2015). In the Lesser Himalayan Foothills of 
Kashmir (900–2500 m), soil carbon storage of four land types (closing forest land, 
open woodland, disturbed woodland and farmland) has decreased with altitude, and 
with land cultivation, disturbance and over-grazing. Protection of vegetation on 
these sites is important to enhance carbon storage (Shaheen et  al. 2017). In the 
Kullu district of Himachal Pradesh of northwest Indian Himalaya, the major land 
uses include agriculture, agro-horticulture, horticulture, silvi-pasture, and forest, of 
which the forest has the most carbon storage (404.3 Mg C ha−1) (Rajput et al. 2017).

1.2.2  Carbon Emission of the HKH

The big challenge in the HKH is curbing carbon emission, which has been increasing 
in recent years due to activity of the residents such as over-cropping, land conversion 
to cropland, deforestation, over-grazing and burning of fuelwood (Fig. 1.3). In Nepal, 
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watersheds, forests, grasslands, farmlands and shrublands all decreased in the last 
century, which has resulted in large amounts of carbon emission. For example, since 
1978, 29% of the carbon was lost in the region of Mardi and 7% in the region of Fewas 
(Sitaula et  al. 2004). On the carbon budget of whole Nepal, the land use change 
resulted in a carbon emission of 6.9–42.1 × 106 Mg year−1, of which only the cutting 
of fuelwood contributed about 1.47 × 106 Mg year−1 (Upadhyay et al. 2005).

Protection of forest ecosystems in developing and poor counties or areas is low- 
cost and the best option for tackling climate change. In 30 years (1980–2009) in the 
western Himalayas, the total carbon pool declined about 135–145 Mt. The social 
economic aspect should be encouraged to enhance the carbon pool level for tackling 
the climate change in developing countries or regions (Wani et  al. 2017). In the 
Mamlay watershed of India Sikkim Himalaya, the total area of forest declined by 
28%, and the area of cropland doubled, which led to a carbon loss of 55% in 2007 
compared with that in 1988. However, in the less disturbed cropping areas, the land 
use change had only a small effect on carbon emission, which demonstrated the 
large impact of land use change on carbon influx in the HKH (Sharma and Rai 
2007).

The grassland ecosystem of the Tibetan plateau, a large terrestrial biome in the 
HKH region, occupies 1.02% of the total global land area and 16.9% of Chinese 
national territorial area, and is an important carbon sink (Wang et al. 2002). However, 
because of grassland degradation and land use change, the Tibetan plateau’s grass-
land has lost about 3.02 Pg of its carbon pool in the past 30 years, when the whole 
grassland carbon emission rate was about 1.27 Pg C year−1 (Wang et al. 2002). The 
carbon emission status of the HKH region demonstrated that the basic livelihood 
activities of residents influences carbon fluxes. Enhancing the livelihood ability of 
residents and minimizing livelihood activities less dependent on carbon emissions 
are the keys to improving the carbon storage capacity of the HKH.

Fig. 1.3 Forest deforestation in southeastern Tibet of China Himalayas (Photography by Zhanhuan 
Shang 2009)
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1.2.3  Climate Change Problem in HKH Region

The Paris Agreement presented the vision of ‘long term of low greenhouse gas 
emission’s strategy’ (Ross and Fransen 2017), a strategy that included a general 
plan for the whole earth’s climate governance. For the HKH region, climate change 
governance’s tactics are very important for sustainable development. A study was 
made in the mid-Himalayan for six areas using the IPCC model of CENTURY 
(Gupta and Kumar 2017). Two scenarios were generated: in one, the carbon pool 
would decline by 11.6–19.2% and in the other the pool would decline by 9.6–17.0% 
by 2099. Policy decision makers must take these projected carbon losses into 
account when establishing climate governance regulations (Kumar 2005; Gupta and 
Kumar 2017).

Air temperature change has different impacts in different areas of the HKH. For 
example, in the Himalayas of northern India, soil carbon change has been more 
sensitive to atmospheric moisture than air temperature. In the past 7000 years, C3 
plants have dominated the vegetation, and soil carbon accumulation and conversion 
rate were influenced by climate, vegetation and topography (Longbottom et  al. 
2014). In the past 50 years, the soil carbon accumulation rate (1.9 g m−2 year−1) was 
lower than in the past 3300 years (47.3 g m−2 year−1). Increased precipitation could 
improve the carbon storage in this area (Longbottom et al. 2014). Global warming 
has increased soil carbon emission, a potentially large problem of uncertain magni-
tude. For example, it has been predicted that increases in air temperature of 1.88 and 
3.19 °C in the Tibetan plateau, would increase CO2 release from the frozen soil of 
alpine grassland by about 18% and 29%, respectively (Feng et al. 2016).

1.2.4  Livelihood and Ecological Problem in HKH Region

Climate governance faces the big challenge of balancing the tradeoff between envi-
ronment and livelihood. The long-term goal is critical for the poor and developing 
areas and must differ substantially from the current condition. Free trade and appro-
priate agricultural strategies are important factors to promote international collabo-
ration and enhance sustainable livelihoods to mitigate climate change (Schmidhuher 
and Tubiello 2007). Data analysis on 80 community forests of Asia, Africa and 
Latin America showed that community forests with larger areas and higher self- 
government management ability had more carbon storage and a higher standard of 
living. The ownership of large areas of public forests should be controlled by local 
communities, and compensation payment should be offered for the carbon storage 
benefit to residents, which will contribute towards mitigating climate change 
(Chhatre and Agrawal 2009). On the Tibetan plateau, the Chinese government has 
invested about one billion dollars in the past 10 years to mitigate grassland ecosys-
tem degradation and restore degraded land to protect the Tibetan plateau (Zhao et al. 
2018). However, this investment was faced with the difficulty of balancing 
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ecological protection, livestock production and livelihood development (Zhao et al. 
2018). Models incorporating these variables have proven to be effective in recent 
years (Zhao et  al. 2018), but its sustainability needs long term assessments. The 
poor infrastructure, weak science and development, lack of credit institutions and 
difficulty in transferring techniques in the HKH impede the implementation of strat-
egies to mitigate climate change (Adenle et al. 2015).

Forest community institutions have been established in the HKH region, and 
they have enhanced carbon storage and the livelihoods of residents. The community 
institutions must also consider the fragile ecosystem and the acquisition of benefits 
by stakeholders and avoid conflicts from border communities asking for forest own-
ership (Kant 2011). Appropriate afforestation methods must be initiated, and pure 
wood logging activity must be prohibited (Fig. 1.4). In the India-Himalaya region, 
the logging areas of forests contain just 1/3 of the carbon pool of above- and under- 
ground when compared to the non-logging areas (Yadav et al. 2016).

Carbon-fixation-livelihood is the sustainable development strategy in the 
HKH. For example, Pecan nut (Carya illinoinensis) forests in the Himalayan region 
of India are very important for the livelihood of the residents and for the ecosystem. 
A study indicated that two mixed agro-forest systems of (1) pecan nut-wheat, and 
(2) lentil-pecan nut provided both production and ecological function, yielding 
about 56.5  t  ha−1 and 53.2  t  ha−1 respectively, and, storing 25.3  t  ha−1 and 
23.9 t ha−1carbon, respectively. A single crop of lentils produced 2.75 t ha−1of grain 
and stored 1.17 t ha−1carbon (Kaul et al. 2010). An agro-forest system can contrib-
ute about 1.67 t C ha−1 year−1 to the carbon pool; consequently, developing well- 
managed agro-forests, particularly with economic trees, can produce fuel wood, 
timber, fruits, and other agricultural products, and concomitantly, decrease the 
emission of carbon by agricultural activities (Kaul et al. 2010). By lengthening the 
logging interval, forests can maximize wood production and carbon fixation that 
can mitigate carbon emission by deforestation (Kaul et al. 2010). In Nepal, manage-
ment of governmental forest land has been strengthened to enhance the carbon sink 
and to protect biodiversity. In the HKH region, the residents rely heavily on forest 
fuel wood for their livelihood, so alternative materials must be found for fuel to 
reduce the pressure on the forests (Suwal et al. 2014).

Sustainable agriculture linked with carbon balance is important in adapting to 
climate change in the HKH region for carbon-fixation. In this vein, the proper use 
of fertilizers must be considered in the context of the social and economic condi-
tions, not only for crop yield but also for soil quality (Paul et al. 2016). In the Indian 
Himalayas, the restoration of degraded and cultivated land to grassland and forest 
reduced land use intensity and increased carbon storage (Meena et  al. 2018). In 
general, the clean energy and REDD+ projects planted trees and crops with high 
carbon fixation ability, such as Eucalyptus species and sal trees (Shorea robusta) 
(Pandey et al. 2016a, b). The grassland ecosystem management should pay special 
attention to increasing the carbon pool’s stabilization of soil and curbing land 
 degradation. This could lead to two-fold benefits: ecological building and livelihood 
development (Wen et al. 2013) (Fig. 1.5).

Z. Shang et al.



11

1.3  Proposing a Framework for Accurately Evaluating 
the Level and Mode of Carbon Compensation

1.3.1  The Requirement of Accurate and Coordinative- 
Evaluation Systems Supporting Carbon Compensation 
in the HKH

The accurate evaluation of the carbon pool is important in the campaign of global 
climate governance in the HKH region. For example, the main purpose of the 
REDD+ program is enhancing livelihood efficiency through environmental 

Fig. 1.4 Timber products in Himalayas (Photography by Zhanhuan Shang 2009)

Fig. 1.5 Fencing enclosure for restoring degraded grasslands in North Tibet (Photography by 
Xiaopeng Chen 2011)
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improvement, but the lack of policy on a regional scale is one of the barriers in the 
HKH region (Sharma et al. 2015; Pandey et al. 2016a). The mechanism for carbon 
compensation and a roadmap for assistance in the HKH region are important out-
comes that are presented in this book.

As there is no accurate evaluation of carbon balance of vegetation on the whole 
HKH, estimates rely on modeling deduction (Sitaula et  al. 2004; Shrestha et  al. 
2009). The carbon data and model of HKH region was generated from several stud-
ies (Dorji et  al. 2014a, b; Lekhendra et  al. 2015), and not based on an overall 
research project in the region (Upadhyay et al. 2005, 2006). Although the REDD+ 
project has been practiced widely in the HKH, it still requires a more quantitative 
overall carbon evaluation for the global carbon management campaign (Pandey 
et al. 2016a, b). A base of vegetation zoning, vegetation succession, land use, and 
the ability of providing a reference system must be established with the help of 
consultants and field experts (Upadhyay et al. 2006).

1.3.2  Innovative Action of Carbon and Livelihood Evaluation 
in HKH

A stratification-model should be generated for the carbon assessment project and 
for the livelihood benefits from carbon compensation program in the HKH (Fig. 1.6). 
The main content of the proposed model in the HKH region should include: the 
vegetation partition framework based on vegetation classification, vegetation car-
bon pool variation, carbon sink potential capacity, effect of carbon pool change on 
agricultural and pastoral productive/ecological functions, carbon benefits, ecologi-
cal compensation pathway and strategy, and strategy for tackling climate change 
based on carbon management. The HKH is the typical global poor region, with a 
very high diversity of societies and nationalities, and with a simple economy and 
slow social development. However, the HKH region consumes natural resources 
directly for social, economic and livelihood purposes at a high rate. This has caused 
much of the area to become a large non-industrial carbon emission source. The 
whole region of HKH should strengthen the carbon benefit compensation program 
which would be important in the alleviation of poverty in the HKH region. The 
model should provide a carbon benefit compensation scheme based on vegetation 
and land use, with an aim of improving livelihoods.

This stratification-model concept of carbon evaluation in the HKH demonstrates 
the research program on a natural scale and work level (Fig. 1.6). In the model, the 
horizontal axis is the logic stratification with a sequence of three task levels, includ-
ing field, data and management. The vertical axis is the research content scale strati-
fication within the three tasks. In the field work level, five sampling stratifications 
are needed for the baseline of the whole evaluation including from small scale to 
large scale to identify local sites with records derived from previous historic moni-
toring, best available system, land system classification, and bioregion type. In the 
data task, there are three levels including carbon measurement, ecological surveys 
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and details on vegetation. The management level includes carbon and livelihood for 
the strategy of social-carbon benefits. In the overall model, the first important step 
is identifying the sites for data collection. Data at all levels must be collected from 
the past and present to benefit the future. In the management levels, the database of 
field work survey and laboratory measurements will be useful for carbon manage-
ment and livelihood benefits by the social-carbon-metrology model.

1.3.3  The Field Work Design of the Potential Concept Model

The field evaluation work should cover all the HKH regions in all countries 
(Pakistan, India, Nepal, Afghanistan, Bhutan, Bangladesh, Myanmar and China). 
Three types of field sampling sites will be selected to collect accurate data on plants 
and soil (Fig. 1.7). The first sites (marked with red circles), which were determined 
according to vegetation types, land use types, remote sensing, and field investiga-
tion, are for soil and plant sampling. The second sites (marked with pink stars), 
which were determined by intact vegetation area or undisturbed status (best on 
offer), are used to provide reference for determining the carbon data variation with 
climate change and human activity. The third sites (marked with blue triangles) 
were drawn from study documents and publications and from the field station’s 
monitoring document (monitoring history plots).

Fig. 1.6 The diagram of stratification-model concept for carbon evaluation in the HKH
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1.3.4  Strategy of Ecological Service and Carbon Benefit 
Accounting

Including ecological service in climate change governance through the carbon 
accounting pathway requires more compensation in the cost of ecosystem manage-
ment. The carbon benefit analysis should refer to the Millennium Ecosystem 
Assessment, in which the United Nations established the methodology and techni-
cal guidelines of global ecosystem assessment (MA 2003, 2005). The HKH region 
has special social and natural needs in this aspect. For example, Bhutan proposed 
the concept of a happiness index or GHP. The question arises as how to include the 
GHP in the carbon benefit solution. This example stresses the need to maintain 
livelihood as one core variable in coordinating the balance between ecological func-
tion and productivity.

The carbon benefit model of ecological service should be based on field investiga-
tions, data analysis, and historical records. The stable model of ecological service and 
carbon sink benefit could be based on long term vegetation succession that is linked 
with biodiversity change over the years. The HKH region offers one of the highest 
ecological services in the world, providing extensive biodiversity and water resources. 
Consequently, the model with biodiversity, ecological service and population as vari-
ables could be generated as a base for ecological compensation, in which the carbon 
sink value is linked with ecological service. The carbon sink function should receive 
maximum compensation in the HKH region, and the output of carbon products such 
as forest lumber and animal by-products could be beneficial to the residents.

Fig. 1.7 The field work design of the potential concept model in the HKH region
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The fifth report of IPCC recommended the transformative adaption strategy to 
tackle global climate change by using regional strategies and approaches. In this 
strategy, the global technological, economic, and social assistance in the global cli-
mate governance’s system chain is directed through carbon trade by accounting for 
carbon emission and carbon footprint. However, in different regions, there are dif-
ferent carbon emissions quota per capita and different livelihoods, making it diffi-
cult to reach common criteria for the carbon trade.

Here we propose a method of social-carbon accounting for carbon storage accu-
mulation in the HKH region, based on the increased rate of livelihood and economy. 
The carbon accounting would differ for different livelihood systems, but the account-
ing model would be unified within the system. For example, livestock husbandry, land 
cultivation, forestry, tourism, mining, and nature reserves would consider the liveli-
hood cost for carbon storage and emission within the local system and within the 
global system. For livestock husbandry, the potential carbon accounting model can 
use the GLEAM-i model and technological system by FAO (2016). For forestry, the 
CBM-CFS3 model could be used to correct the carbon accounting (Kurz et al. 2009). 
The agricultural industry can use the IPCC emission coefficient as the criterion. Road 
building, mining and other industries can use the area involved in accounting for the 
carbon pool. The potential carbon model (Figs. 1.6 and 1.7) should account for the 
livelihood pathway and the carbon balance associated with the labor to complete the 
carbon accounting inventory for the household and enterprise.

1.3.5  The Scheme and Approach for Determining 
the Livelihood Benefits in Carbon Management

According to the social-carbon model of carbon sinking and emission in the past 
and predicted in the future, livelihood compensation should be determined by the 
different livelihood types such as forestry, livestock industry, agriculture, and tour-
ism in the HKH region. For example, within this context, we should calculate the 
effect on livelihood due to bans on lumbering, selective tree cutting and under-use 
of forest resources. The method of calculating carbon-livelihood equivalent is based 
on the livelihood effect value (△L) and carbon income value (△C) per household. 
That is the method used for carbon-livelihood equivalent of local residents living 
activities in forestry, pastoral industries, agriculture, and fishery industries, and for 
setting out the inventory of carbon-livelihood. The carbon compensation method 
can be applied to calculate cash compensation in services such as construction, 
education, medical treatment, food supply and water treatment; by deducting the 
cost of assistance, the surplus of compensation is the compensation from carbon 
benefit. Poverty is an important issue in the HKH region that should be alleviated 
through carbon compensation. Multi-dimension poverty in HKH should be deter-
mined by different indices for receiving carbon benefits through the compensation 
model. The Data Envelopment Analysis Model—(carbon-livelihood equivalent 
model) is useful to calculate the multi-dimension poverty compensation from the 
carbon benefit base computed from input and output (WRI 2006).
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1.4  Obtaining and Utilizing Carbon Compensation 
in the HKH

1.4.1  The Requirement of Sustainable Development 
in the HKH Region

The threat of global climate change on livelihoods has become severe in recent 
years. Consequently, all countries should act in the campaign for the common aim 
of ameliorating climate change. Because of the different levels of development, 
historic background, and technological and governance levels, each country should 
form its own regional strategy and roadmap in the campaign. The theme of regional 
carbon pool variation and livelihood is of priority in the global climate change, with 
a goal of global carbon emission reduction and neutralization. Because the HKH 
region has the biggest fresh water resource area in world but is also one of poorest 
regions, tackling climate change and livelihood development are always common 
topics in the region. Consequently, the proposed social-carbon-management frame-
work is important for development of the HKH during climate change, particularly 
in the future.

1.4.2  Obtaining Livelihood Compensation from Carbon 
Sinking Benefit

There are two approaches to account for carbon benefits in determining eco-
logical compensation. The first should be based on the past status of carbon 
balance due to vegetation and land change (incoming and outgoing), that can 
be used in modelling the future role of carbon sinking and emission. If there 
is always carbon capture in the survey area, then this should be maintained by 
improving livelihoods through carbon compensation. Secondly, if the survey 
area exhibits carbon emission, then investments and improvements are needed 
to convert the emission to sinks. Reasons should be detailed for the carbon 
emission in the area, for example land use, over- cropping, over-utilization of 
woodland and over-grazing. Based on the findings, changes should be initi-
ated for converting carbon emission to sinks. How to assist, how much assis-
tance is required and for how long the assistance is needed should be 
calculated? Carbon compensation and the methods, timetable and policies for 
promoting the carbon neutralization campaign for tackling climate change 
should all be included in the strategy.

In the HKH region, carbon compensation in government decision-making pro-
grams should include more livelihood benefits to alleviate poverty in the regional 
context. The benefit of the carbon pool towards livelihood of the HKH region should 
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be divided into multi-poverty and multi-pathway livelihood compensations as fol-
lows: (1) carbon sink benefit for different livelihoods, and the general cost of social 
economic growth; (2) livelihood change and improvement cost following the con-
version of carbon emission to sinks; (3) cost of food subsidy or assistance due to 
compensation from carbon sinking benefit; and (4) livelihood benefit compensation 
for increasing carbon sinking, including sustainable agricultural improvement cost. 
In addition, the gender issue needs special support in social carbon compensation 
from the global carbon trade. Attention should be paid to the women’s contribution 
in carbon management. Adolescent education should also receive compensation 
from the carbon sinking benefit.

1.4.3  Applications in Climate Governance in the HKH

There are four approaches that can be used for the social-carbon compensation 
model, including carbon management and livelihood improvement based on vegeta-
tion, land use and integrated livelihood-carbon system. The first is a partitioned 
management model, especially in degraded ecosystem areas, applying the 
‘classification- zoning-grading-staging’ system which accounts for carbon and live-
lihood benefits. The second is compensation for livelihood transformation, which 
should be used especially in carbon emission areas that rely heavily and directly on 
natural resources. At the beginning of the transformation, the compensation from 
government or carbon trade should offer strong support for any lost livelihood. The 
third approach is the carbon management roadmap of 2020 in HKH (HKH-CM2020), 
which provides government aid in education, science development, and infrastruc-
ture building. The fourth is the promoting of industries with carbon sinks, which 
would benefit the climate governance’s strategy of ecological and livelihood 
development.

1.4.4  The Key Technique Requiring Solution

In the proposed social-carbon model (Figs. 1.6 and 1.7), there are three key points 
that are needed to implement the social-economy strategy. The first is the classifica-
tion and zoning of carbon management in the HKH region. The HKH covers differ-
ent countries and administrative regions, each having social management and 
economic systems, which should be linked with the carbon management proposal. 
The second is the social-carbon-metrology link, which is used to analyze carbon 
benefits and compensation based on gender, nationality and livelihoods. The third is 
the transformation of livelihood pathway, which differs among regions and 
livelihoods.

1 Managing Carbon Cycle Linkage to Livelihood in HKH Region
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1.5  Tracking the Trajectory for Carbon Management 
in the HKH in the Future

1.5.1  Building Up Repeatable Evaluation Techniques

Carbon management linked with livelihood is a local and global concern today. 
Methodology should establish repeatable techniques for the sustainable application 
of carbon evaluation in the HKH. This should include four aspects: (1) benchmark 
plots in all regions and countries of the HKH that are based on vegetation type, land 
use, and social economy; (2) systematic database, including field measurement data 
and historical records, with information, such as elevation, soil types, plants, carbon 
and soil properties; (3) a model relating the carbon pool and vegetation should be 
established by remote sensing, land use data (at least 30 years), field data, historical 
data and climate scenarios; and (4) mechanism and policy of ecological compensa-
tion for effective livelihood transformations in the future.

1.5.2  The Long-Time Monitoring and Evaluating Plots System

A long-term monitoring plot system can provide accurate data for vegetation and 
soil dynamics under climate change and human activity. The ‘best on offer’ system 
(White et al. 2012), which selects an undisturbed or top-level succession stage area, 
can be used as a long-term station.

The baseline plots system was generated by the Australian TERN program 
(White et al. 2012). However, the HKH region must develop its own long-term base-
line plots system and methodology because of the great difference in landscapes 
between the HKH region and Australia. Data describing the ecology, biology and 
environment, and social aspects should be collected. Plots should be selected to 
include typical vegetation, land use and topography and hydrology.

Plants, vegetation, soil properties and water should be sampled. Remote sensing 
data should be included in the model (Hou 2015). Plant specimens should be col-
lected, and high-resolution photograph should be taken (preferably from fixed photo 
points) for visualization of change. Vegetation biomass should be determined for 
biomass carbon. In addition, soil carbon content should be determined to a depth of 
30 cm.

1.5.3  Collaborative Network and Feedback Mechanism

In general, the international and regional coordinating mechanisms for climate 
change management in the HKH are weak and must be strengthened. ‘The 
International Centre for Integrated Mountain Development (ICIMOD)’ is a very 
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active organization for regional scientific development and capacity building in 
HKH region. The center can coordinate climate change management in the HKH, 
especially livelihood and sustainable transformations. ICIMOD has very close col-
laborative relations with local governments, organizations and even residents in 
eight countries in the HKH region and has built a valuable data base. Through its 
information center, ICIMOD can promote the sharing of programs and systems in 
the HKH region for climate change governance and livelihood development. This is 
especially essential for carbon compensation and social and livelihood benefits 
from carbon evaluation.

1.6  Prospects and Conclusion

The urgent activity is to devise transparent methods for presenting the status and 
potential action on carbon management and livelihood benefits in the context of 
global climate governance in HKH region as other part of the world. It has been 
reported that restricting the rise in global air temperature to 1.5 °C as agreed in the 
Paris Climate Accord could be translated into a benefit of 20 trillion US dollars 
(Burke et al. 2018). If the target is met it would allow a substantial source of capital 
for carbon compensation for developing areas such as the HKH region. The biggest 
recipients of compensation benefits should be poor areas in the world, as this would 
provide them with the impetus for participating in the global climate governance 
campaign (Burke et al. 2018). The HKH region supports the world’s largest popula-
tion of pastoralists and hundreds of millions of livestock. Carbon stored in the soil 
makes up approximately 3% of the world’s stocks but the area is fragile and is now 
a net emitter of carbon into the atmosphere that contributes to reduced carbon 
stocks. This book is unique in that all aspects of the HKH region will be discussed. 
The HKH is considered to be a laboratory and museum for scientific research due to 
its multi-dimensional ecological, economic, cultural and environmental signifi-
cance, not only for Asia but also on a global scale. Managing the carbon cycle, with 
respect to livelihood perspectives, is urgently needed and requires immediate atten-
tion in the HKH region. We cover social, economic, policy perspectives and propose 
innovative approaches to solve current and future problems.
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Abstract The authoritative global climate report of the Intergovernmental Panel on 
Climate Change (IPCC) urged each country to take action on climate change miti-
gation. The vast HKH region should make a more consistent and concise evaluation 
that can augment the global level evaluation. In this chapter, the whole HKH’s car-
bon emission were described and some advice about increasing carbon sink were 
given. This chapter sets out to: (1) clarify our understanding about the HKH region’s 
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2.1  Introduction

2.1.1  The Severity of Climate Change

Due to climate change, some areas of the HKH have been seriously affected. For 
example, high-intensity monsoon rains in northern India and western Nepal caused 
landslides in 2013, which were the worst flood disasters in history. Since 2000, 
western Nepal has been affected by drought due to natural and human factors, and 
in 2008–2009, the degree of drought was extreme. In the Tamakoshi basin of central 
Nepal, between 2000 and 2009, 18% of the runoff per year was melted snow and ice 
(Khadka et al. 2014), and climate warming has caused a large number of glaciers to 
melt, especially during the fast warming season. Warming and melting glaciers have 
led to rapid expansion of some glacial lakes in the HKH region.

In the last few decades, the entire Himalayan region has become warmer and 
drier, causing inconsistent precipitation in the HKH region. Glaciers in the eastern 
Himalayas (Nepal-Bhutan) are more susceptible to climate change due to reduced 
snowfall and increased snow melt (Gurung and Sherpa 2014). Extreme weather 
events disrupted the supply of food production and freshwater resources, damaged 
infrastructure and residents’ settlements, and forced some residents to migrate. At 
the same time, morbidity and mortality have increased, which endangered human 
health. The hazards associated with climate change will reduce crop yields and 
destroy homes. It has a major negative impact on livelihood of people, especially for 
the poor.

2.1.2  The Importance of Actively Participating in Climate 
Governance

The high-altitude region of the HKH ranges is susceptible to natural disasters such 
as heavy rain, sudden floods, blizzards, squalls and landslides due to the topographic 
features (Molden et al. 2014). The hydropower industry is sensitive to changes in 
seasonal climate and extreme weather events. It is often occurred in the Yarlung 
Zangbo river, the Ganges river and the Indus river basin, which are complex and 
climate change may have a major impact on hydropower generation (Molden et al. 
2014). Therefore, climate change not only affects hydropower, biodiversity sys-
tems, forestry, etc., but also has a profound impact on the residents of the HKH 
region. To reduce the rate of natural resource reduction caused by climate change in 
HKH, actively participating in climate governance, strengthening the construction 
of network observation points, obtaining more basic meteorological data are needed 
to improve the climate environment and promote the sustainable development of 
local resources.

W. Wang et al.
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2.1.3  Paris Agreement Opportunity

The IPCC fourth assessment report predicted that climate change would be the main 
driver of global change in the twenty-first century and pointed to the lack of long- 
term monitoring in the HKH region and called for national, regional and global 
efforts to fill this gap. The entry into force of the “Paris Agreement” provided an 
institutional framework for global cooperation to address climate change after 2020, 
indicated the direction and objectives, provided a new impetus to global climate 
change cooperation to reduce greenhouse gas emissions and transform to low car-
bon. It formed a new pattern of harmonious development between people and 
nature. In the process, many different opportunities should be created.

2.1.4  The Way to Improve Livelihoods in HKH

The grassland ecosystem forms the source of the main river system in the HKH 
region, and the water flow will play an important role in the development of future 
for hydropower generation and agricultural irrigation in low-altitude areas. The vast 
grazing land provides forage for livestock, and the herd can convert plant biomass 
into animal products for the herdsmen to consume and improve income. Due to the 
unique characteristics of the terrain in the area, farmers and herders living in culti-
vated grassland could improve tourism infrastructure increase income by develop-
ing tourism.

Food security issues have been affected in the HKH due to poor development and 
climate change and self-sufficiency has not been reached by local residents. With 
the support of national and local governments, food production could increase by 
introducing new technologies and promoting their application to improve efficiency. 
In addition, it is necessary for more young people to stay in the region to continue 
and develop agriculture. It has a great potential and a broad market in developing a 
low carbon economy in HKH. Thus, it is possible to reduce greenhouse gas emis-
sions into the atmosphere through afforestation, sustainable forest management and 
reduced deforestation. It is also possible to promote economic development through 
carbon trading with developed countries, would increase the sustainability of local 
resources and improve livelihoods.

2.2  Natural Resources and Ecosystem Services in HKH

2.2.1  Basic Situation of Natural Resources

The HKH region, which has many key ecological regions of global importance, has 
different landscapes and soil formations, and is known for its unique flora and fauna 
(Mittermeier et  al. 2017). It includes many south and central Asian countries: 
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Afghanistan, Pakistan, China, India, Nepal, Bhutan, Bangladesh and Myanmar and 
the world’s largest high-altitude area and largest high-latitude permafrost region in 
the world, from the Tibetan Plateau in northern China to the Ganges Basin in the 
south, covering an area of 4.3 × 106 km2. More than half of the land in the HKH is 
covered by grassland (50.5%), 22.6% by forests, 9% by agricultural land, less than 
0.1% by urban development, and 17.8% by bare land or by water, snow and ice. 
There are ten main river basins, namely, Indus, Ganges, Amu Darya, Yarlung 
Zangbo, Brahmaputra (Yarlungtsanpo), Irrawaddy, Salween (Nu), Mekong 
(Lancang), Tarim, Yangtse (Jinsha) and Yellow (Huanghe) covering about 
8.6 × 106 km2 (Table 2.1).

The biodiversity and environmental services in the HKH have an impact on the 
lives of local people, as well as many people living in downstream regions. And the 
ecosystems of the HKH are vital in terms of the many important ecosystem services 
they provide for native and domestic animals. The HKH is a critical source of wood, 
medicine, plants, wild food, fiber, and freshwater for humans, and provide essential 
habitats for many endangered wildlife species (Dong et al. 2010). It is known as the 
“Asian Water Tower” and contain a large amount of water sources of plateau lakes 
and wetlands. It is another freshwater reservoir that provides lifeline for millions of 
people and increases groundwater recharge through watershed functions in the form 
of snow, glaciers, permafrost, wetlands and rivers (Rasul 2014; Chettri et al. 2012).

Table 2.1 The ten major river basins of the Himalayan region (IUCN/IWMI 2003)

Rivers
Basin area 
(×1000 km2) Countries

Population 
(million)

Population 
density (/km2)

Amu Darya 534.7 Afghanistan, Tajikistan, 
Turkmenistan, Uzbekistan

20.9 39

Brahmaputra 651.3 China, India, Bhutan, 
Bangladesh

118.5 182

Ganges 1016.1 India, Nepal, China, 
Bangladesh

407.5 401

Indus 1081.7 China, India, Pakistan 178.5 165
Irrawaddy 413.7 Myanmar 32.7 79
Mekong 805.6 China, Myanmar, Laos, 

Thailand, Cambodia, 
Vietnam

57.2 71

Salween 271.9 China, Myanmar, Thailand 6 22
Tarim 1152.4 Kyrgyzstan, China 8.1 7
Yangtze 1722.2 China 368.5 214
Yellow 945 China 147.4 156
Total 8594.8 1345.2
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2.2.2  Biodiversity and Its Value

The rich natural and cultural heritage in the HKH is the home to many ethnic groups 
and has the richest ecosystem and natural resources in the world. Due to the com-
plex and diverse climate, altitude and geological conditions, the HKH region is rich 
in biodiversity, including 4 global biodiversity hotspots, 8 world natural heritage 
sites, 30 Ramsar Sites, 488 protected areas and 330 important bird areas, and is 
ranked tenth among the 34 most bio-diverse regions in the world, and 53 Important 
Plant Areas (IPAs) for medicinal plants (Sharma et al. 2009). Many of the world’s 
endangered species live in the HKH region, which provides a breeding ground for a 
rich variety of medicinal plants. An estimated 25,000 fauna species and 30% of flora 
are endemic throughout the Himalayas (Lópezpujol et al. 2006).

The HKH provides a habitat for many wild animals and is the home to all four 
big cats in Asia: the snow leopard (Uncia uncia), tiger (Panthera tigris), common 
leopard (Panthera pardus) and clouded leopard (Neofelis nebulosa). The Tibetan 
wild ass (Equus kiang), wild yak (Bos grunniens), Chiru (Pantholops hodgsoni) and 
Tibetan gazelle (Procapra picticaudata) inhabit the area and are all endangered 
animals (Schaller and Kang 2008). There are also about 75,000 species of insects 
(10% of the world) and 1200 species of birds (13% of the world) (Sharma et al. 
2009). The HKH also plays an important role for many long-distance migratory 
birds. The raptor migration occurs near the Indus river in Pakistan and the Tsangpo- 
Brahmaputra river in Tibet and eastern India. Birds living in wetlands, such as 
black-necked cranes (Grus nigricollis), barheaded goose (Anser indicus), uddy 
shelduck (Tadorna ferruginea) use a variety of mountain passes and wetlands to 
feed, inhabit or migrate as a temporary habitat (Chettri et al. 2012). These biological 
resources are undoubtedly of great value.

2.2.3  Ecosystem Services

The HKH has the largest snow and ice protection area, except for the Antarctica and 
Arctic. In the 60,000 km2 range, there are 6000 km3 of ice and 760,000 km2of snow. 
The HKH area represents a unique source of freshwater for agriculture, industry and 
household use, and an important source of economics for tourism and hydropower 
(Mats et al. 2009). The HKH provides water for the top ten major river basins. There 
are more than 16,000 glaciers in the Himalayas, that has a huge natural reservoir 
that stores more than 12,000 km3 of fresh water. The HKH mountain system plays a 
critical role in agriculture of South Asia through the water supply, climate and wind 
regulation, groundwater recharge and the maintenance of wetland ecosystems 
(Eriksson et al. 2009).

The ten major river basins in the HKH region provide water, food, energy and 
ecosystem services for more than 1.3 billion people in south Asia. Glacier and snow 
contributes significantly to river flows, from a minimum of 1.3% in the Yellow river 
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to 40.2% in the Tarim river, and the highest contribution from the Indus valley 
(44.8%). According to statistics, about 30% of the water in the east Himalayas is 
derived directly from the melting of snow and ice. The proportion is about 50% in 
the central and western Himalayas, and 80% in the Karakoram. The HKH is the 
source of freshwater resources and plays an important role in water storage and 
regulation in wetlands (Xu et al. 2010).

2.2.4  Carbon Sink Resources

The HKH region has a vast territory and many natural ecosystems, including carbon 
sink capacity such as forests, grasslands, farmlands and wetland ecosystems. In 
terms of the potential for carbon sink resources, forest ecosystems have the carbon 
sink function. 22.6% of the area is forest in HKH. Research demonstrated that for 
every 1 m3 of forest accumulation, there is an average absorption of 1183 tons of 
CO2 and the release of 1162 tons of O2. Forest ecosystems can control soil erosion, 
restore degraded land, and improve soil organic matter content (Jackson et al. 2017). 
The forest (42%) fixes 779 million tons of carbon in Nepal. Grassland ecosystem, 
one of the widely distributed vegetation types, is of great significance in the global 
carbon cycle. The plants on the grassland absorb the CO2 in the atmosphere through 
photosynthesis and fix it in the soil vegetation, which can reduce the concentration 
of CO2 in the atmosphere and effectively suppressing the greenhouse effect. The 
grassland ecosystem carbon sequestration accounts for 50.5% of the total in HKH 
(Sharma et al. 2009).

2.3  Relationship Between Social Economy, Population 
and Natural Resources in the HKH Region

2.3.1  Relationship Between Social Economy and Resource

Water and energy are interrelated, and the water needed for industry, agriculture, 
and family life requires pumps to process and transport. Hydropower plays a criti-
cal role in global energy and supplies approximately 16% of the world’s electric-
ity. The HKH has a great potential for power generation. A total of 162 hydropower 
projects are in the process of development in India and will generate more than 
50,000 MW (Choudhury 2014). The water resources owned in Nepal can generate 
83,290 MW (Surendra et al. 2011). There is a potential of about 30,000 MW of 
power generation in Bhutan (Uddin et al. 2007), and about 42,000 MW in Pakistan 
(Asif 2009).

In South Asia, agricultural land accounts for a large proportion of the area in 
most countries: 70% in Bangladesh, 60% in India and 35% in Nepal. India, 
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Pakistan, Nepal, Bangladesh and Bhutan are the main food producers in South 
Asia, and the Himalayas are the main water source of farmland irrigation. With 
the significant increase in food production, India, Pakistan and Nepal transformed 
themselves from countries with long-term food shortages to almost being self-
sufficient in the early 1990s. In the late 1990s, except for Afghanistan, all coun-
tries in HKH exported grain (Kumar et al. 2008). The snow in the Himalayas, the 
huge and complex watershed networks, monsoon rainfall and abundant under-
ground aquifers provide water in South Asia. It could increase the income of resi-
dents and the diversification of agricultural products in high mountains (Chand 
et al. 2008).

2.3.2  People and Resources

Ten major rivers in the HKH provide goods and services directly or indirectly to 
3.2 × 109 people. Most of the population in HKH depends on subsistence agri-
culture and natural resources for their livelihood. China and India account for 
44% and 41% of the population in the HKH region, respectively. Based on 
growth trends, the populations of countries in HKH region in 2030 and 2050 
were predicted (Table  2.2). It is well documented that traditional agriculture 
alone is insufficient to meet the food requirements of the growing population. 
The number of people who are still undernourished remains high in the HKH. In 
2013, the under-nourished people in China, India, Nepal and Pakistan numbered 
about 406 million people or 48% of the world’s under-nourished people (FAO, 
IFAD, WFP 2013).

Table 2.2 Population of the countries of 2017 in the HKH and predicted populations in 2030 and 
2050 (United Nations, Department of Economic and Social Affairs (UNDESA), Population 
Division 2017)

Country
Population (million)
2017 2030 2050

Afghanistan 35.5 46.7 61.9
Bangladesh 164.7 185.6 201.9
Bhutan 0.808 0.914 0.994
China 1409.5 1441.2 1364.5
India 1339.2 1513 1659
Myanmar 53.4 58.9 62.4
Nepal 29.3 33.2 36.1
Pakistan 197 244.2 306.29

2 Climate Change Mitigation and Pastoral Livelihood in the Hindu Kush Himalaya…



32

2.3.3  Carbon Pool and Economy

The carbon pool plays a critical role in mitigating climate change in HKH region. 
For example, the peat land of the Qinghai-Tibet Plateau is one of the main carbon 
pools and is an essential carbon source for maintaining carbon cycle balance. It 
plays an important role in determining the physical and chemical properties and the 
fertility of the soil. The forest stores most of the carbon on land, in biomass (trunks, 
branches, leaves, roots, etc.) and soil organic matter. The organic carbon in forests 
and soils is the main body of terrestrial carbon pools. It contains about 2400–2500 
Gt of organic carbon in soils up to 2 m deep, which is three times that of living bio-
mass (Kirschbaum 2000). The carbon stocks in the HKH provides tangible and 
intangible goods and services, offers conditions for fuel wood, feed, pharmaceuti-
cals and aromatic products. Forests are the major source of fuel, in addition to be the 
main carbon pool in Nepal, especially in rural areas, where the country’s energy 
comes from traditional sources, including firewood, agricultural residues and ani-
mal waste.

2.4  Carbon Stock Changes

2.4.1  Carbon Sink Changes

The HKH is particularly vulnerable to soil erosion due to steep slopes, glaciers, 
heavy rainfall, and sparse vegetation cover. It is estimated that the average annual 
soil erosion rate of farmland in the hilly areas of central Nepal, the Himalayas in 
eastern India, the highlands of northeastern Myanmar and the highlands of southern 
China is 35, 54, 55 and 57 Mg/ha per year, respectively (Partap and Watson 1994). 
The natural CO2 emissions are much higher compared with the annual CO2 emis-
sions from fossil fuel combustion (Singh et al. 2010). The soil is considered to be a 
huge carbon pool, small changes in soil carbon sinks may have a serious impact on 
the CO2 content in the atmosphere (Lal 2016; Schlesinger and Bernhardt 2013). 
Satellite observations in the HKH indicate that some pastures may be degraded due 
to climate warming, over-grazing and human activities, and the degraded pastures 
account for more than 40% of the dry lands of the Qinghai-Tibet Plateau (Gao et al. 
2005). Grassland and forests have changed from carbon sinks to carbon sources due 
to over-grazing and deforestation.

2.4.2  Carbon Source Changes

Figure 2.1 shows that the carbon emissions have increased in all countries of the 
HKH. Humans are accelerating the CO2 concentrations in the atmosphere by burn-
ing fossil fuels, land use, land-use change, and forestry activities. Lal (2004) 
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reported that the reduction of the soil organic carbon pool contributed 78 Pg of car-
bon to the atmosphere, and some cultivated soils have lost half to two-thirds of the 
original soil organic carbon pool, with cumulative emissions of 30–40 Mg carbon/
ha. The emissions of fossil fuels in the HKH region since 1978 are shown in Fig. 2.1. 
It is obvious that the emission of China and India are much higher than other coun-
tries. The emissions in China decreased slightly in 2014. Cumulative CO2 emissions 
from land in China and India in 2005–2016 were 104.3 and 21.8 Gt CO2 respec-
tively, and the cumulative carbon emissions per capita were 74.02 and 16.30 t CO2, 
respectively. The carbon emissions from other countries in HKH are shown in 
Table 2.3.

2.4.3  Driving Force for Change

2.4.3.1  Land Use

In most parts of the HKH, rapid population and economic growth has increased the 
demand for natural resources, resulting in large changes in land use and land cover, 
over-exploitation, and habitat fragmentation. Land use change can be both a carbon 
source and carbon sink, but most land use changes increased CO2 emissions in the 
atmosphere. During 1995–2015, land use changes led to emissions of 87 Pg of CO2 
into the atmosphere (Houghton et al. 2012). However, Lal (2002) believes that sci-
entific and rational land use and management can restore about 60–70% of the car-
bon that has been lost, and contributes to the reduction of carbon emissions. 
Conversion of land to construction land has led to a significant increase in carbon 
emissions. In the process of converting forests to farmland, not only do the green-
house gases in the atmosphere increase, but there is also a reduction in soil organic 
carbon (Watson et al. 2000). When the grassland is converted into artificial forest, 

Fig. 2.1 Territorial emissions in Mt CO2 in countries of the HKH in 1978–2016 (data from Boden 
et al. 2016)
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with an increase of surface vegetation and defoliation, soil carbon storage increases. 
It can be seen that land use and vegetation cover changes can directly or indirectly 
affect the process of greenhouse gas exchange and carbon cycle between terrestrial 
ecosystems and the atmosphere (Watson et al. 2000).

2.4.3.2  Industry

The most direct manifestation of industrial development is the large consumption of 
fossil fuels. In terms of CO2 emissions from coal combustion and cement produc-
tion, the emissions in China and India are ranked as the top two countries in the past 
30 years in the HKH. In 2016, the amounts of CO2 emitted by coal combustion in 
China and India were 7171 and 1586  Mt, respectively, and the emissions from 
cement production were 1201 and 145  Mt  CO2 (Boden et  al. 2016). In China, 
cement and coal combustion per capita CO2 emissions are 5.1 and 0.9 t, and India is 
1.2 and 0.1 t respectively. China’s total emissions of CO2 rank among the highest in 
the world, and the emissions from burning fossil fuels and cement production 
increased by nearly 75% between 2010 and 2012 (Boden et al. 2016). Liu et al. 
(2015) reassessed the carbon emissions from fossil fuel and cement production in 
China as 249 million tons of carbon in 2013. Compared with other sectors such as 
electricity and steel, the cement industry not only emits CO2 directly, but also emits 
it from the decomposition of calcium carbonate, which is the main component of 
limestone in raw materials. Therefore, it has attracted special attention from the 
IPCC.

Table 2.3 Comparison of emission indicators in countries of HKH region (data from Boden et al. 
2016)

Country

Territorial 
emissions in 
2005 (MtCO2)

Total territorial 
emissions in 
2005–2016 (MtCO2)

Territorial 
emissions in 2016 
(tCO2 per person)

Territorial 
emissions in 
2005–2016 (tCO2 
per person)

Afghanistan 1.3264 89.594 11.7063 2.52
Bangladesh 39.4466 725.916 82.402 4.41
Bhutan 0.39571 8.120 1.1262 10.05
China 5892.1334 104331.692 10150.8163 74.02
India 1221.5629 21831.236 2430.8016 16.30
Myanmar 11.5892 177.083 24.3515 3.32
Nepal 3.0814 64.675 9.1212 2.21
Pakistan 136.5243 1939.289 188.9061 9.84

Note: Territorial emissions in 2005–2016 per person was calculated with total territorial emissions 
in 2005–2016 divided by the population in 2016
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2.4.3.3  Agriculture

Agricultural production is an important foundation of the national economy. With 
the development of society, production and efficiency have greatly improved, and 
the scale of agricultural production has greatly developed in HKH. However, chemi-
cal fertilizers, pesticides, and straw burning have led to an increase in CO2 emis-
sions while agriculture is rapidly developing. In summary, AFOLU (agriculture, 
forestry, and other land use) emissions from high-income countries are primarily 
agricultural activities, and from low-income countries are mainly deforestation and 
land degradation (IPCC 2014). Bennetzen et al. (2016) divided the world into nine 
regions and used the Kaya-Porter Identity method to decompose the carbon emis-
sions from agricultural production and land use in each region from 1970 to 2007. 
The results showed that underdeveloped areas increased agricultural land by 447 
million hectares. The agricultural output in underdeveloped areas increased from 
17.9 to 37.71 EJ/year, the livestock production increased from 1.18 to 3.36 EJ/year, 
and total carbon emissions increased by 34% (Bennetzen et al. 2016).

2.5  Reduce Emissions and Improve Carbon Sinks

2.5.1  Gap with Future Paris Agreement Requirements

According to the Paris Agreement, countries will ensure that the rise in global mean 
temperature is limited to 2.0 °C until the end of the twenty-first century, achieving 
a balance between carbon emissions and absorption in the second half of twenty- 
first century (net zero emissions). From the beginning of industrialization (1875) to 
the present, global temperatures have risen by nearly 1 °C, and it is expected to rise 
another 1 °C in the next 82 years. Based on CMIP5 simulation in the 32 models of 
the RCP 2.6 scenario, if the greenhouse gas emissions peak in 2010–2020 and then 
drop significantly, the net emissions will be negative. China and India were in the 
world’s top 10 greenhouse gas emitters in 2016. China is both a developing country 
and the largest carbon emitter, but has committed to peak carbon emissions by 2030. 
In this process, it would be necessary to develop its own industrial economy and 
accelerate the construction of industrialization and urbanization with India.

In the “Intended Nationally Determined Contribution (INDC)”, China proposed 
four major operational goals: (1) increase the proportion of non-fossil energy to 
about 20%; (2) lower CO2 emissions per unit of GDP in 2030 by 60–65% compared 
to 2005; (3) reach peak CO2 emissions at 2030; and (4) increase forest reserves by 
4.5 billion m3 in 2030 when compared to 2005. Since the reform and opening up, 
China’s fossil energy consumption and greenhouse gas emissions have risen rap-
idly. In 2007, CO2 emissions in China has exceeded the United States for the first 
time, making it the largest emitter in the world. It put more pressure on China to 
achieve its goals. In the process of achieving the INDC goals, there were difficulties 
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and challenges in the supply of natural resources, population growth, industrial 
restructuring, low carbon and technology development with huge investment and 
construction. There was a large gap between the requirements of the Paris Agreement 
and the need to comply with the policies.

2.5.2  Reduction of Emission and Fixed Numerical Criteria

The Kyoto Protocol stipulated that the amount of six greenhouse gases emitted by 
all developed countries in 2008–2010 should be 5.2% lower than 1990, developing 
countries, including China and India, should voluntarily set emission reduction tar-
gets. The Chinese government promised that the CO2 emissions per unit of GDP 
will fall by 40–50% by 2020 when compared to 2005. Since developing countries 
did not specify emission reduction targets, it can be adjusted according to national 
conditions and characteristics of the development stage. As China is still in the stage 
of rapid industrialization and urbanization, with rapid economic growth, energy 
consumption will continue to grow for a long period of time. Therefore, the absolute 
amount of emission reduction targets should not be chosen in China, but relative 
indicators should be selected, which are related to economic development, energy 
efficiency and economic improvement of carbon emissions.

2.5.3  Practice of Improving Carbon Sinks and Reducing 
Emissions and Recommendations

2.5.3.1  Ecological Industry

The materials and energy use would be highly efficient, and the resources and envi-
ronment would be systematically developed and continuously utilized when extend 
and broaden the ecological industry. To date, 51 state-level eco-industrial parks 
have been built in China, and 82 state-level eco-industrial parks are under construc-
tion (Wang et al. 2017). In developing the ecological industry, some cooperation is 
based on economic, while others are based on sharing infrastructures. Such as sugar 
mill in Pakistan, it not only increased the income of local people, but also promoted 
the development of other industries in the process of producing sugar (Qureshi and 
Mastoi 2015). The HKH region has a vast territory and a large variety of natural 
resources. Developing ecological industry combines local resources with enter-
prises and products to reduce carbon emissions and contribute to emission reduc-
tion. These improvements could increase the income of residents and reduce poverty 
in the HKH.
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2.5.3.2  Public-Private Reasonable Configuration

The lifestyles of residents in the HKH are mostly self-sufficient. In the development 
of countries in the HKH region, due to the improper management of public and 
private lands, there is often excessive deforestation of forest and over-grazing on 
pastures. The economic distribution inequality and economic disputes are caused by 
unreasonable public-private distributions. Since forests and grasslands are the main 
carbon sinks, public-private proper management of land could increase terrestrial 
vegetation and soil carbon storage, reduce deforestation, improve harvesting and 
grazing practices, improve utilization efficiency, and effectively control natural 
disasters (fires, pests, etc.). By rationally allocating resources, carbon sinks could be 
increased to reduce carbon emissions, so as to adapt to climate change, reduce con-
flicts, and bring economic benefits to local residents.

2.5.3.3  Afforestation Reward

With forest degradation or over-harvesting, organic carbon stored in forests and 
soils is decomposed and released into the atmosphere. Increasing carbon sinks 
occurs by reducing emissions, afforestation, strengthening forest protection, 
increasing forest accumulation, and enhancing the carbon absorption function of 
forests. Forests have strong capacity for carbon sequestration, so they should be 
restoring and protected in response to climate change. In 2011, the State Council of 
China allocated 1.36 billion RMB of financial funds to implement the grassland 
ecological protection subsidy and reward mechanism policy. The number of farmers 
and herdsmen who enjoyed the policy reached 10.567 million. The project fenced 
450 ha of grassland, replanted 1.459 million ha of servely degraded grassland, and 
planted 47,000  ha of artificial grassland in 2011, which increased the grassland 
carbon sink.

2.5.3.4  Infrastructure

In terms of the overall quality of infrastructure services, Bangladesh, India, Nepal 
and Pakistan in the HKH are substantially lower than the global average (Table 2.4). 
Floods are the most common water-induced hazard in HKH. Government efforts to 
protect people from flood waters and mitigate the impacts of flood through the 
structural measures like embankments (ICIMOD 2013). Chen (2015) studied the 
carbon balance of 35 major cities in China and found that the green space (the urban 
green space infrastructure dominated) accounted for 6.38% of the total urban area 
of the country by the end of 2010, accounted for 51.7% of the total urban green 
space (657 cities) in China. The urban carbon infrastructure of 35 cities had an esti-
mated carbon storage of 18.7 million tons and an average carbon density of 
21.34 tons/ha. In 2010, the total carbon sequestration was 1.9 million tons, and the 
average carbon sequestration rate was 2.16 tons/ha per year.
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2.5.3.5  Education

Despite the abundance of food, biodiversity and energy, there are still a large num-
ber of poor people living in the HKH region. Due to rugged terrain, rapid population 
growth, poor management and other reasons, there is a degradation of resources and 
a decline in agricultural productivity. The people in the region are under-educated 
and have a low awareness of emission reductions. In the HKH region, agricultural 
production is mainly practiced by old people (Kurvits and Kaltenborn 2014). 
Therefore, it is necessary to increase education to attract young and skilled people 
to engage in agriculture and help preserve the cultures, traditions and natural envi-
ronment of the mountains. Encouraging young people to maintain and develop 
mountain farming systems for future sustainable food production, could help allevi-
ate poverty in the HKH region, and increase efforts to develop mountain agriculture 
and livestock production.

In addition, strengthening education and building an effective knowledge sharing 
network in HKH is essential to stimulate a range of adaptations and innovations 
through new policies, pilot projects and monitoring to reduce carbon emissions and 
combat climate change (Kurvits and Kaltenborn 2014). There is a need to make 
people aware of the importance of appropriate harvesting and grazing, to protect 
forests and pastures, improve the quality of life, and reduce carbon emissions caused 
by cutting young leaves, deforestation and over-grazing.

2.5.3.6  Technical Assistance

At present, it is necessary to continuously adapt to climate change in the process of 
reducing emissions. Due to the uncertainties of the impact of climate change, the 
development and application of advanced technologies is the means to combat cli-
mate change. The technology obviously affects the lifestyles, consumption patterns 
and social and cultural customs of local residents in the HKH and brings new devel-
opment opportunities for people in remote areas. Many rural areas in the HKH 
region are shifting from subsistence to market agriculture farming dominated by 
cash crops. Increasing the technical assistance in global services, software and data 

Table 2.4 Quality of infrastructure services (World Economic Forum 2014)

Country Total infrastructure Roads Airport Electricity supply

World 4.23 4.02 4.36 4.50
Bangladesh 2.82 2.88 3.02 2.55
Bhutan 4.63 4.31 3.51 5.85
China 4.36 4.61 4.72 5.22
India 3.75 3.79 4.27 3.43
Nepal 2.93 2.90 2.92 1.83
Pakistan 3.32 3.81 3.92 2.07

Note: Scores on a scale of 1 (low) to 7 (high)
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storage makes the HKH region easier to understand. In the process of increasing 
carbon sinks, not only man-power and financial resources, but also management and 
technical support were required.

2.6  Anti-Poverty and Carbon Trade, Carbon Compensation

2.6.1  Challenges of Poverty in the HKH Region

The poverty rate in the HKH mountain is 5% higher than the average of the entire 
HKH (Kurvits and Kaltenborn 2014). The factors that contribute to poverty are also 
different, such as access to basic conveniences, poor roads and high dependence on 
natural resources. Although the HKH area could regulate by itself, there are inade-
quate and insufficient access to resources, technology and funds. The basic natural 
resources are rapidly degraded and cannot be fully integrated into the value chain 
and market. It will seriously affects the ability of the HKH to cope with climate 
change and to take advantage of increasing opportunities to escape poverty. In solv-
ing the poverty problem in the HKH region, there is an urgent need to improve the 
resilience of vulnerable mountain families and communities by providing essential 
ecosystem services, especially to challenges faced by women and vulnerable groups. 
An international conference was held in Nepal, with the main purpose of collecting 
the latest data on the poverty line and promoting a sustainability policy in the HKH 
and setting the tone for strengthening regional partners to promote sustainable 
mountain development.

2.6.2  How to Use Carbon Trade to Reduce Poverty

India and China are big carbon emitters, and in implementing the emission reduc-
tion tasks, there will inevitably be some enterprises that cannot complete the task. 
In addition, the cost of industrial emission reduction is much higher than the cost in 
forests, grasslands and farmland. Therefore, some enterprises will definitely pur-
chase emission reduction quotas in areas with high carbon sequestration potential. 
In this process, the carbon sink will be gradually commercialized, and the carbon 
trade will gradually be formed. Except for mutual transactions between countries in 
the HKH region, it also provides resources for purchase by European countries, 
which promotes cooperation between countries and increases the income of the 
HKH region.

At present, China has launched pilot projects for carbon trading. The main pur-
pose is examining own carbon emissions trading system. The seven provinces are 
mainly based on energy reduction and are economically developed and industrial-
ized. Some enterprises in these regions will be moved to the western provinces, 
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especially the three rivers source region, to purchase emission reduction quotas 
when they fail to complete their emission reduction tasks. The economically devel-
oped provinces will improve the economy in undeveloped regions by buying fixed 
carbon sinks in the process of ecological construction from countries with less car-
bon emissions.

2.6.3  How to Use Carbon Compensation to Reduce Poverty

In the HKH region, most of the carbon trading is conducted from the aspects of 
emission reduction quota. The HKH region does not make mandatory emission 
reduction credits. Among the carbon standards in China, one is the “Sanjiangyuan 
Standard” of the Qinghai’s environmental energy exchange. In the ecological con-
struction of the “Sanjiangyuan Nature Reserve” implemented by the central govern-
ment, food production and the standard of living, as well as the conditions of the 
local farmers and herdsmen have improved. At the same time, the ecological con-
struction funds in Sanjiangyuan are still dominated by government supported pro-
grams. The funds are limited, and the ecological compensation standards are low. 
Translating the more fixed carbon sinks in the ecological recovery process through 
the relevant trading platforms such as the Qinghai environmental exchange, would 
certainly broaden the source of ecological compensation funds and ensure the sus-
tainability of the funds and long-term ecological protection. Farmers and herders in 
the HKH could obtain ecological compensation fees from carbon trading funds, 
thereby increasing the income of each household, improving living conditions and 
reducing poverty.

2.6.4  Advantage and Disadvantage

In the HKH region, poverty could be reduced mainly through carbon trade and car-
bon compensation. Due to the high forest coverage and wide grassland area in the 
region and the broad terrain, the HKH could maintain water and soil, increase car-
bon sinks, reduce carbon emissions, provide carbon emission quotas for developed 
countries. The high vegetation coverage is an advantage for the development of the 
HKH region, but due to low education, many areas of the HKH are not aware it.

All countries in the HKH are developing country, and the poor are often concen-
trated in remote areas with low economy, poor transportation, inadequate education 
and backward concepts. Children in the family must earn money to support the fam-
ily instead of going to school. Women are expected to raise many children to main-
tain the livelihood of their members. Due to the poor education of the people in the 
HKH, the poor can only engage in simple labor. It is difficult for the poor to find 
employment and they are often unemployed. In addition, the HKH is a multi-ethnic 
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region, and religious beliefs are widespread, which can often lead to social prob-
lems and conflicts.

2.7  Conclusion

The HKH region has been recognized globally as an important independent region. 
The biodiversity and cultural diversity of HKH are very rich, and includes a wide 
variety of habitats, micro climates and environmental conditions. Climate change 
has brought new challenges to the HKH, which has been threatened by problems 
like poverty, environmental degradation, depletion of natural resources, water 
shrinkage and desertification. In addition, melting glaciers, greenhouse gases, air 
pollution, biodiversity conservation, and disasters caused by extreme events require 
collective action and cooperation among nations. One of the main challenges facing 
the HKH region is the limited availability of spatial information, due to the complex 
landscape and lack of appropriate regional frameworks and mechanisms. The cli-
mate change situation in the HKH region has received worldwide attention. 
Understanding the dynamic changes of the mountain environment in the HKH 
region is necessary to formulate appropriate policies and to design rational develop-
ment interventions.
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Abstract Carbon dynamics, a key index to evaluate ecosystems, are very complex 
in the Hindu Kush Himalayan (HKH) region due to the topography, diverse regional 
climate, and different land cover types. MODIS GPP was used to evaluate carbon 
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types in the region. Many factors should be considered for GPP measurements, 
including satellite, airplane, ground-based and modelling data. We concluded that it 
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Abbreviations and Nomenclature 

APAR Absorbed photosynthetically active radiation
a.s.l. Above sea level
BPLUT Biome parameter look-up table
DEM Digital elevation model
EROS Earth resources observation and science
EOS Earth observing system
FPAR The fraction of photosynthetically active radiation
GIS Geographic information system
GMAO Global modelling and assimilation office
GPP Gross primary productivity
HKH Hindu Kush Himalayan region
km Kilometre
LAI Leaf area index
LULC Land use and land cover
LUE Light use efficiency
mm Millimetre
MODIS Moderate resolution imaging spectrometer
NASA National aeronautics and space administration
NDVI Normalized difference vegetation index
NPP Net primary productivity
PAR Photosynthetically active radiation
QTP Qinghai-tibetan plateau
RS Remote sensing
SIF Solar-induced chlorophyll fluorescence
TRHR Three-river headwaters region
USGS The United States geological survey

3.1  Introduction

The Hindu Kush Himalayan (HKH) region comprises an area of more than 4.3 mil-
lion km2 and is characterized by a large number of physiographic landscapes, vari-
ous regional climate types and bio-systems, the largest cryosphere in the world apart 
from the Antarctica and the Arctic, the source of many highly important large rivers 
and large stores of water in the form of snow and glaciers (You et al. 2017). With its 
vast terrain, the HKH region has a substantial influence on the East Asian monsoon, 
and even on the global atmospheric circulation (Sharma et al. 2016).

The melting rate of glaciers has been accelerating in the HKH in recent years, espe-
cially in the south and the east, due to global warming and anthropogenic impacts such 
as increased greenhouse gas emissions. In addition, the combined action of rising tem-
peratures and more frequent intense precipitation in the mid to high mountains increases 
the risk of flooding disasters in the lower courses of the main rivers (Ren and Shrestha 
2017). This region, which includes fragile alpine ecosystems, irrigated cropland and 
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snow and glaciers, is one of the most sensitive areas to climate change and human 
activities (Xu et al. 2009). It is very important for the livelihood of the local people and 
for ecological functions and, consequently, it is necessary to carry out relevant research 
to ensure sustainable development and beneficial ecosystem services. However, rele-
vant data are deficient and surveys are difficult to carry out in the HKH region.

Carbon dynamics are influenced by the combined effects of climate change, 
environmental factors, and land use/land cover (LULC), and can be regarded as a 
key index to evaluate ecosystem change (Almeida et al. 2018; Chao et al. 2018). 
Vegetation productivity of terrestrial ecosystems effectively reflects the absorption 
of CO2 from the atmosphere by plants through photosynthesis. In this process, light 
energy is converted into chemical energy and organic dry matter is produced. 
Therefore, vegetation productivity can be used to estimate the support capacity and 
to evaluate the carbon dynamics of the ecosystem. Close to half of the vegetation 
produced is either consumed as food or used as fuel directly or indirectly by people, 
being the foundation for human survival and sustainable development. Vegetation 
primary productivity is commonly split into two components: gross primary pro-
ductivity (GPP) and net primary productivity (NPP). GPP is the overall rate of bio-
mass production at the ecosystem scale, whereas NPP is the biomass produced after 
accounting for energy lost to cellular respiration and maintenance of the plants. As 
a key component of the global carbon cycle, terrestrial GPP plays an important role 
in the global carbon, water, and energy cycles and shows meaningful spatial and 
temporal variations (Zhang et al. 2017). It is of crucial importance to predict GPP 
and the total carbon assimilation rate of vegetation for evaluating the role of the 
global carbon cycle in an ecosystem (Sánchez et al. 2015).

Terrestrial GPP is influenced by environmental factors (e.g. nutrients, water, 
light, and CO2), biotic factors (e.g. canopy structure, leaf phenology) and LULC, 
and provides important information on the ecosystem function in response to local 
and global environmental changes. Remote sensing (RS) is a popular technique in 
measuring the effect of continuous temporal and spatial information on biophysical 
land surface properties (Vitousek et al. 1997). With RS, information related to GPP 
such as leaf area index (LAI) and the fraction of radiation absorbed by green vegeta-
tion can be determined. Recent research questions employing this methodology 
have centred around: (1) the increase in the atmospheric concentration of green-
house gases, mainly CO2, and the resulting climate change; (2) the terrestrial vege-
tation responses to these changes; and (3) the capacity to sequester and store 
atmospheric carbon for counterbalancing the anthropogenic CO2 emissions 
(Almeida et al. 2018). GPP variation in space and time is controlled by climate and 
physiological processes of vegetation photosynthesis and autotrophic respiration, 
and is limited primarily by absorbed photosynthetically active radiation (APAR). 
These controls vary in importance in daily and seasonal time scales.

Currently, several GPP datasets including ground upscaling FLUXNET observa-
tions (MPI-BGC) and moderate resolution imaging spectrometer estimations 
(MODIS GPP) can provide GPP information over large regions, but they often 
exhibit different estimation accuracies for different vegetation types (Lin et  al. 
2018). MODIS is a widely used global monitoring sensor for various environmental 
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parameters of the earth surface onboard the NASA Earth Observing System (EOS) 
satellites Terra/Aqua. A standard suite of global measurements characterizing veg-
etation cover, LAI, GPP, and NPP at the 500 m spatial resolution are now being 
produced operationally on observations from MODIS. Being largely dependent on 
the photosynthetically active radiation (PAR) conversion efficiency, MODIS GPP is 
based on the Monteith’s theory that NPP is related linearly to the amount of absorbed 
photosynthetically active radiation. Generally, MODIS GPP can accurately repro-
duce seasonal and spatial variability (Zhao et al. 2005; Zhao and Running 2010; 
Frazier et al. 2013; Running et al. 2015). Carbon dynamics is more subjected to 
climate change and anthropogenic activity in the HKH region than in other regions. 
In such a complex, fragile region, RS technology can provide timely information to 
evaluate the carbon cycle. In this chapter, MODIS GPP was used to evaluate carbon 
sequestration in this region from 2001 to 2016.

3.2  HKH Region and Data Analysis

3.2.1  HKH Region

The HKH region extends from Afghanistan in the northwest to Myanmar in the 
southeast, covering all or part of eight countries, namely, Afghanistan, Bangladesh, 
Bhutan, China, India, Myanmar, Nepal and Pakistan (Fig. 3.1; Table 3.1). Elevation 
varies greatly, ranging from sea level to above 8000 m a.s.l., with many mountain 
peaks above 6000 m a.s.l. The region is known for its unique flora and fauna, high 
level of endemism and numerous eco-regions of global importance (Chettri et al. 
2008; Elalem and Pal 2015). Elevation zones across the HKH region range from 

Fig. 3.1 The range of elevations in the Hindu Kush Himalayan region
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tropical (<500  m) to alpine ice-snow (>6000  m), with the principal vegetation 
regime comprising tropical and subtropical rain forests, temperate broadleaf decid-
uous or mixed forests and temperate coniferous forests, and also include high-alti-
tude cold shrub or steppe and cold deserts (Chettri et  al. 2008). According to 
GlobeLand30–2010 data, approximately 43% of the HKH is comprised of grass-
lands, 20% forest, 3% shrub land and 7% cultivated land. The remaining 27% 
includes barren land, tundra, built-up areas, snow cover and bodies of water 
(Fig. 3.2). The HKH has the largest cryosphere in the world and is the source of ten 
major river basins, including the Brahmaputra, Ganges, Indus, Mekong, Yangtze, 
and Yellow Rivers. A population of approximately 211 million people lives in the 
region and more than 1.3 billion people live in downstream basins of the ten large 
rivers (Table 3.2).

Table 3.1 The area and population of countries in the Hindu Kush Himalayan region (Chettri 
et al. 2008; United Nations 2017)

Country
Total area 
(km2)

Total area within HKH 
(km2)

Population of each country within HKH 
(million)

Afghanistan
Bangladesh
Bhutan
China
India
Myanmar
Nepal
Pakistan

652,225
143,998
46,500

9,596,960
2,387,590

676,577
147,181
796,095

390,475
13,295
46,500

2,420,266
461,139
317,629
147,181
489,988

28.28
1.33
0.81
29.48
72.36
11.01
29.30
39.36

Total 14,447,126 4,286,473 211.93

Fig. 3.2 Land use types in the Hindu Kush Himalayan region in 2010

3 Tracking of Vegetation Carbon Dynamics from 2001 to 2016 by MODIS GPP…



50

The HKH region is undergoing rapid alterations due to climate change, disasters, 
economic globalization, infrastructure development, migration, and urbanization. 
As a result, natural resources are being destroyed steadily, making sustainable 
socio-economic conditions more difficult. Moreover, climate change has under-
mined water availability, food availability, livelihoods, and health security in the 
region (Tiwari and Joshi 2015). However, natural regeneration of forests is occur-
ring in some areas due to the increasing trend of rural out-migration and the result-
ing abandonment of agricultural land.

3.2.2  Data Analysis

3.2.2.1  MODIS GPP

The light use efficiency (LUE) theory was developed by Monteith and the core con-
cept is that vegetation productivity relates to the incident solar energy under the 
conditions of sufficient water and land fertility (Monteith 1972). Models based on 
the LUE concept are commonly used to estimate GPP with RS information. An 
assumption of the LUE model is that a proportional relationship exists between GPP 
and the amount of APAR. Under favorable environmental conditions, APAR is con-
verted into chemical energy at a fixed rate ɛmax for a given vegetation type. But the 
potential LUE should consider environmental stresses in nature and is reduced by a 
scalar factor (Eq. 3.1).

 GPP PAR FPAR max= × × ×ε S  (3.1)

Table 3.2 The ten major river basins of the Himalayan region

River
Basin area 
(km2) Countries covered

Population 
(million)

Amu Darya 534,739 Afghanistan, Tajikistan, Turkmenistan, 
Uzbekistan

20.86

Brahmaputra 651,335 China, India, Bhutan, Bangladesh 118.64
Ganges 1,016,124 India, Nepal, China, Bangladesh 408.97
Indus 1,081,718 China, India, Pakistan 178.48
Irrawaddy 413,710 Myanmar 32.68
Mekong 805,604 China, Myanmar, Laos, Thailand, Cambodia, 

Vietnam
57.20

Salween 271,914 China, Myanmar, Thailand 5.98
Tarim 1,152,448 Kyrgyzstan, China 8.07
Yangtze 1,722,193 China 368.55
Yellow 944,970 China 147.42
Total 8,594,755 16 1346.85
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where PAR is the photosynthetically active radiation reaching the canopy (MJ m−2), 
FPAR is the fraction of PAR absorbed by vegetation, ɛmax is the maximum LUE (g 
C MJ−1) without environmental stresses, and S is a scalar varying from 0 to 1, rep-
resenting the reduction of potential LUE by environmental stresses. Figure  3.3 
shows the flow of the MODIS GPP.

The latest MODIS GPP version 6, MOD17A2H, is a cumulative 8-day compos-
ite of values. The GPP parameters are derived empirically from the output of Biome- 
BGC, a complex ecosystem model, simulations being performed over a gridded 
global domain using multiple years of gridded global daily meteorological observa-
tions (Running et al. 2015). The spatial resolutions of the FPAR (MOD15A2H) and 
GPP (MOD17A2H) products were improved from 1  km to 500  m and BPLUT 
(Biome Parameter Look-up Table) and the daily GMAO (Global Modelling and 
Assimilation Office) meteorological data were also updated for this collection.

It is very difficult to use the annual GPP in the HKH region to evaluate carbon 
dynamics because of the biodiversity and complex natural factors, as it is a moun-
tainous region with different regional climates. Along with global warming, warm-
ing amplifications in high-altitude regions in the HKH are increasing meltwater 
(You et al. 2017). The vegetation growth on the QTP is particularly sensitive and 
vulnerable to the rapidly changing climate (Liu et al. 2018; Shi et al. 2018). For 
example, increased precipitation could stimulate ecosystem carbon fluxes and 
increase vegetation biomass (Wu et al. 2011; Miao et al. 2015). In the HKH region, 
most precipitation occurs in July–August and the growing season for plants is from 
June to September. Heat accumulation before the growing season is the main trigger 
of vegetation emergence on the QTP; however, it is still unclear which seasonal 
climate variables dominantly affect this trigger (Shen et al. 2016; Cao et al. 2018). 
The spatial distribution of GPP depends primarily on climatic conditions; conse-
quently, the MODIS GPP (MOD17A2H) was downloaded on 7.28–9.05 for 2001, 
7.27–9.04 for 2004, 7.28–9.05 for 2007, 7.28–9.05 for 2010, 7.28–9.05 for 2013, 
and 7.27–9.04 for 2016.

FPAR Rnet PAR

GPP

Photosynthesis
Tmin, VPDemax

e

Fig. 3.3 The data flow chart in the daily part of the MODIS GPP algorithm
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3.2.2.2  Digital Elevation Model (DEM) and Land Cover Data

GTOPO30 is a global digital elevation model (DEM) with a horizontal grid spacing 
of 30 arc seconds (approximately 1 km) that was derived from several raster and 
vector sources of topographic information. The DEM data are provided by USGS 
Earth Resources Observation and Science (EROS) Center from the following site: 
https://e4ftl01.cr.usgs.gov/MEASURES/SRTMGL1.003/2000.02.11/index.html.

The data used to produce GlobeLand30–2010 are multi-spectral images 
with a main spatial resolution at 30 m, including Landsat TM and ETM+ multi-
spectral images and multi-spectral images from HJ-1—Chinese Environmental 
Disaster Alleviation Satellite. The acquisition time of these images used for 
GlobeLand30–2010 covered vegetation growing seasons from 2009 to 2010 with 
cloudless days. The overall accuracy of the land cover data is about 84% and the 
Kappa indicator is 0.78. The data for the research was provided by the National 
Geomatics Center of China and the website for the data is http://www.globeland30.
org/GLC30Download/index.aspx.

3.3  GPP Variation in HKH

The average daily GPP in the HKH region varied among areas. Higher GPP emerged 
in areas covered with dense forest (Figs. 3.2 and 3.4), mainly in the southeast and 
southwest HKH region, especially in Bangladesh, Myanmar, and the Taba mountain 
range in China. Generally, plant photosynthesis increases with increasing atmo-
spheric CO2 concentrations, while warming temperature is not conducive to vegeta-
tion biomass growth (Cox et  al. 2013). In general, the number of extreme cold 
events decreased, whereas extreme warm events increased in most parts of the HKH 
during 1961–2015 (Sun et al. 2017). This could explain why the GPP in the south-
east HKH region tended to decrease despite the increased air temperature and the 
ample rainfall. Some areas are deserts or have sparse vegetation and so there was no 
GPP estimation. Many factors such as land cover change, soil nutrients, CO2 con-
centration and air temperature could be responsible for the spatio-temporal varia-
tion of GPP in the region. In addition, anthropogenic activities such as farmer 
out-migration and urban sprawl can also affect the GPP.

3.3.1  The GPP Variation in the Main Part of the QTP in China

The QTP in China is characterized by strong radiation, low air temperature with a 
large diurnal range, and uneven rainfall distribution. More than 50% of the plateau 
area is alpine grasslands, which is dominated by low-producing, cold-tolerant peren-
nial plants (Chen et al. 2014). Climate warming and increased precipitation have 
caused an upward trend of GPP, especially in the southern and northern parts of the 
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Fig. 3.4 The GPP in the Hindu Kush Himalayan region from 2001 to 2016

3 Tracking of Vegetation Carbon Dynamics from 2001 to 2016 by MODIS GPP…



54

Fig. 4 (continued)
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QTP. The areas undergoing vegetation degradation were mainly in the hinterland, 
Qinghai Lake, Qaidam Basin, Hexi Corridor, Ali region and the southeastern edge 
of the plateau. Human disturbances such as overgrazing and urbanization, warming 
temperature and reduced precipitation had negative effects on vegetation, particu-
larly in the fragile alpine grasslands (Peng et al. 2012). Aeolian desertified land is 
scattered across the QTP, but occurs mainly in the western and northern parts. 
Ecological protection projects being carried out by the Chinese government and 
local people and increased rainfall helped reduce the aeolian desertified land (Zhang 
et al. 2018). The average MODIS GPP of most alpine grasslands was less than 5 g 
C per m2 per day, but the total GPP was increasing. In the northwest area, the annual 
precipitation was less than 50 mm, which lead to a vast expanse of land with little or 
no vegetation and there was no estimated MODIS GPP. The reason is that these 
areas are either bare, snow-covered or have sporadic vegetation that is not detected 
by the GPP algorithm. In the southeast, abundant precipitation and appropriate air 
temperature increased the GPP between 2001 and 2016, but the distribution of veg-
etation was scattered. In the middle part of the QTP, the GPP tended to decrease.

3.3.2  The GPP Variation in the North-Western Part: 
Afghanistan and Pakistan

In Afghanistan, about 56% of the land cover is barren, and forests are located 
mainly in the east. Most precipitation occurs in winter and the main water source 
for the cropland is from rivers. Low GPP is common across the country; however, 
no values are available for the northwestern areas and for the barren land. The aver-
age daily GPP decreased between 2001 and 2016 in most areas, with the highest 
values in the forest areas (Fig. 3.5). The general decrease in GPP was a result of 

Fig. 3.5 The spatio-temporal variation of GPP difference between 2001 and 2016
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Afghanistan being an irrigated, agriculture country, with decades of instability, con-
flict and destructive war.

Pakistan has a continental climate characterized by extreme variations in air tem-
perature. The land cover types can be summarized as coniferous forests, agriculture 
lands, rangelands, water bodies, and snow and barren lands. Lands at elevations 
above 4000  m are sterile and most are often covered with snow and glaciers. 
Maximum GPP was found in the forest zones, but no estimation of GPP was avail-
able for the south-western part of Pakistan. The average GPP between 2001 and 2016 
decreased slightly in most areas because of the conversion of forests into agricultural 
land, the expansion of settlements and infrastructures, and intensive logging.

3.3.3  The GPP Variation in India, Nepal, Bhutan, Bangladesh, 
and Myanmar

The south-west monsoon season lasts from June to September in India when 
approximately 80% of the annual rainfall occurs. A large spatial variability in rain-
fall and the differences in topography results in a large variation in vegetation across 
India. The average daily GPP in the west and the north, which is dominated by 
deserts and alpine meadows, was lower than in the south, which is covered by tropi-
cal evergreen, and the north-east, which is covered by evergreen forests. Human 
activities, including urban sprawl and agricultural land transformation, often led to 
the destruction of vegetation. The total GPP in 2016 was lower than in 2001 and the 
decreasing trend will continue as India strives for economic development.

Nepal is a predominantly mountainous country and is broadly representative of 
the land cover diversity. The average daily GPP increased between 2001 and 2016 
and reflected land cover types (Fig. 3.5).

Bhutan is a small landlocked country with a rugged, mountainous topography. 
The settlements are scattered, and more than half of the total population lives in 
rural areas. The average daily GPP varied considerably and ranged between slightly 
above 0 to about 10 g C per m2 during the period from 2001 to 2016. Climate change 
had a relatively small effect on the GPP, while human activities had a substantial 
negative effect.

Bangladesh exists on the floodplains of the Ganges, Brahmaputra and Meghna 
river systems, and small farms and high levels of land fragmentation are common. 
Monsoon climate occurs from June to September, when precipitation is heavy. 
About 73% of the land area is covered with forest and nearly 20% of the country is 
cultivated. The major reason for spatio-temporal change of the GPP could be attrib-
uted to deforestation and cropland change.

Myanmar is a tropical country. The highest GPP occurred mainly in the northern, 
mountainous forested regions during the study period. In the middle part of the 
country, the GPP was higher than the mean GPP of the plains and rural areas. The 
GPP was relatively low in the coastal regions because of the sandy coast, however 
high GPP was scattered in the fertile lands.
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3.4  Discussion

The HHK region has sparse ground station data. With the RS-based productivity 
product, the spatio-temporal variation of MODIS GPP was generally very heteroge-
neous due to the complex terrain, diverse regional climate, and different human 
activities. The glaciers in the western part of the Hindu Kush and the western 
Himalayas are retreating due to climate change. This affects many factors including 
water availability, biodiversity and ecosystem boundary shifts, which are relevant to 
the regional ecosystems and even to global feedbacks. In addition, it brings about 
uncertainties on water supplies and agricultural production for people across Asia 
(Xu et al. 2009).

The total amount of carbon storage appears to be increasing in the grassland 
ecosystems in the Three-River Headwaters region (TRHR) due to climate warming 
and ecological protection programs (Zhang et  al. 2015). It has been argued that 
human activity has little effect on grassland carbon storage (Han et  al. 2018), 
although there is a consensus that urbanization and economic development could 
destroy the fragile ecosystem (Chen et al. 2014; Zeng et al. 2014; Li et al. 2016; Han 
et  al. 2018). Vegetation restoration and reduction of anthropogenic activities can 
improve the regional ecological environment and increase regional carbon 
sequestration.

3.4.1  Use and Accuracy of MODIS GPP

Estimating GPP is a good method to measure atmospheric CO2 uptake by the ter-
restrial biosphere. But the current land-use classification driven by RS requires 
improvement because the different methods often differ at the sub-regional scale 
(Shim et al. 2014). Moreover, the simulation accuracy of vegetation productivity by 
RS demonstrated that considerable errors still exist in the current models (Keenan 
et  al. 2012). The biome-specific maximum LUE accounts for the variation in ɛ 
between vegetation types, while the scaling with minimum air temperature and 
vapor pressure deficit accounts for the variation due to climatic conditions (Schubert 
et al. 2012).

MODIS NPP and GPP products tend to be overestimates at low productivity 
sites—often because of artificially high values of MODIS FPAR, a critical input to 
the MODIS GPP algorithm. In contrast, the MODIS products tend to be underesti-
mates in high productivity sites—often a function of relatively low values for veg-
etation light use efficiency in the MODIS GPP algorithm (Turner et al. 2006). Even 
after updates, some discrepancies between MODIS GPP and surface-based GPP 
still exist. The major problems are the uncertainties in meteorological drivers and in 
FPAR estimates; the accuracy of the LULC product; and the LUE parameterization, 
mainly in the ɛmax parameter. When a satellite-based LUE model is recognized as an 
effective way to assess vegetation productivity, actual LUE is often calculated as a 
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maximum LUE regulated by stresses from environmental factors, such as light 
intensity, temperature, water, and nutrients (Monteith 1972; Hilker et al. 2008; Chao 
et al. 2018). LUEmax (maximum light use efficiency), in theory, is a biome-specific 
variable and is defined as the canopy photosynthesis capacity or maximum conver-
sion rate of absorbed photosynthesis capacity or maximum conversion rate of APAR 
into biomass under optimal environmental conditions.

Usually, LUEmax is treated as a constant for a specific crop biomass, which can 
lead to large errors in vegetation productivity estimation. In practice, LUEmax var-
ies with different flora even in the same forest, crop, and spatial scale (Morel et al. 
2014; Xin et al. 2015). Another important source of uncertainty in MOD17 GPP is 
problems with the algorithm at water-limited sites. Other important constraints in 
the MOD17 GPP algorithm are the difficulties in obtaining accurate measurements 
of soil nutrients, CO2 concentrations, and diffuse radiation. The current ɛmax values 
used in MOD17 algorithm do not consider the effect of the diffuse PAR or the satu-
ration of photosynthesis under clear skies (Justice et al. 2002; Turner et al. 2006). 
Furthermore, the use of these variables in many cases may not always be reliable 
(Propastin and Kappas 2009). The improved MOD17 is a post-reprocessed MODIS 
GPP/NPP dataset where the contaminated MODIS FPAR/LAI inputs to the MOD17 
algorithm have been cleaned. However, the use of the improved MOD17 data are 
recommended for validation or inter-comparison purposes where study periods 
cover many years (Running et al. 2015). The spatial resolution of MODIS GPP dif-
fers from the resolutions of other data. Scale effects of different datasets should be 
considered in estimating GPP, especially in heterogeneous areas (Zheng et al. 2018).

With the derived spatially variable LUEmax from satellite RS data, there were 
significant improvements in biomass estimation accuracy (Dong et al. 2017). The 
fusion of multi-source data into biophysical simulation models also requires further 
research in order to better exploit their suitability and transferability. Furthermore, 
solar-induced chlorophyll fluorescence (SIF), a newly emerging satellite retrieval, 
can provide a direct, accurate and time-resolved measurement with regard to plant 
photosynthetic activity. The SIF-based approach accounts for photosynthetic path-
ways, so more reliable projections of vegetation productivity and climate impact on 
the ecosystems can be derived. Increased observational capabilities for SIF will 
improve the mechanistic understanding of vegetation productivity in the HKH, 
especially in fragmented mountainous areas faced with vulnerability to climate 
variability and change (Guanter et al. 2014; Guan et al. 2016; Sun et al. 2018).

3.4.2  Other Constraints to GPP Estimation in HKH Region

The Asian and Pacific regions have experienced exceptional economic growth over 
the past two decades, accompanied by a dramatic reduction in extreme poverty. 
However, moderate forms of poverty remain widespread, especially in rural areas 
and among households that rely on agriculture. Social developments such as the 
negative growth of agriculture, instability of economic development and rapid 
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population growth will cause more uncertainty on GPP estimation. The arranged 
observation station network collects data only from low-lying plains to mountains 
and plateaus to about 5000 m a.s.l. Most of the HKH region still requires more cli-
mate and socio-economic information for robust climate risk assessment, in particu-
lar for high-elevation and physically remote locations (Revadekar et al. 2013). The 
lack of climate and socio-economic data makes the establishment of relevant poli-
cies on sustainable development difficult as the fragile ecosystems in the HKH 
region are vulnerable to climate change and variability. Even when direct photosyn-
thesis measurements can be made, they usually represent small samples in space 
and time (Anav et al. 2015).

It is difficult to fully understand the effect of climate and human activities on the 
fragile ecosystem of the HKH. Scientific observation systems, including satellite, 
airplane, site, and modelling data should be established, which would identify the 
driving forces and provide more scientific basis for policies and plans (Li et  al. 
2016; Hua and Wang 2018). Further research should examine vegetation productiv-
ity change and the effects of factors such as temperature, precipitation and human 
activities on the ecosystem.

3.5  Conclusions

There is a large spatio-temporal variation in the GPP due to the complex terrain, 
diverse regional climate, and different land cover types in the HKH region. 
Ecosystems are being destroyed mainly in response to population growth and the 
resultant increased demand for natural resources, economic globalization and rapid 
urbanization. The MODIS GPP data can be used to track the changing trends of the 
grassland ecosystem on a large scale and to analyse the carbon storage pattern. The 
carbon cycle in terrestrial ecosystems is the key to global change. More research is 
required on the effects of climate and human activities on the fragile ecosystems of 
the HKH in order to establish policies to improve the livelihood of the local popula-
tion and the carbon balance in the region.

References

Almeida, C.T.D., R.C. Delgado, L.S. Galvão, et  al. 2018. Improvements of the MODIS Gross 
Primary Productivity model based on a comprehensive uncertainty assessment over the 
Brazilian Amazonia. ISPRS Journal of Photogrammetry and Remote Sensing 145: 268–283.

Anav, A., P. Friedlingstein, C. Beer, et al. 2015. Spatiotemporal patterns of terrestrial gross primary 
production: A review. Reviews of Geophysics 53: 785–818.

Cao, R., M. Shen, J. Zhou, et al. 2018. Modeling vegetation green-up dates across the Tibetan 
Plateau by including both seasonal and daily temperature and precipitation. Agricultural and 
Forest Meteorology 249: 176–186.

Chao, Z., P. Zhang, and X. Wang. 2018. Impacts of urbanization on the net primary productiv-
ity and cultivated land change in Shandong province, China. Journal of the Indian Society of 
Remote Sensing 46: 809–819.

3 Tracking of Vegetation Carbon Dynamics from 2001 to 2016 by MODIS GPP…



60

Chen, B., X. Zhang, J. Tao, et al. 2014. The impact of climate change and anthropogenic activi-
ties on alpine grassland over the Qinghai-Tibet Plateau. Agricultural and Forest Meteorology 
189-190: 11–18.

Chettri, N., B. Shakya, R. Thapa, et al. 2008. Status of a protected area system in the Hindu Kush- 
Himalayas: An analysis of PA coverage. The International Journal of Biodiversity Science & 
Management 4: 164–178.

Cox, P.M., D. Pearson, B.B. Booth, et al. 2013. Sensitivity of tropical carbon to climate change 
constrained by carbon dioxide variability. Nature 494: 341–344.

Dong, T., J. Liu, B. Qian, et al. 2017. Deriving maximum light use efficiency from crop growth 
model and satellite data to improve crop biomass estimation. IEEE Journal of Selected Topics 
in Applied Earth Observations and Remote Sensing 10: 104–117.

Elalem, S., and I. Pal. 2015. Mapping the vulnerability hotspots over Hindu-Kush Himalaya region 
to flooding disasters. Weather and Climate Extremes 8: 46–58.

Frazier, A.E., C.S.  Renschler, and S.B.  Miles. 2013. Evaluating post-disaster ecosystem resil-
ience using MODIS GPP data. International Journal of Applied Earth Observation and 
Geoinformation 21: 43–52.

Guan, K., J.A. Berry, Y. Zhang, et al. 2016. Improving the monitoring of crop productivity using 
spaceborne solar-induced fluorescence. Global Change Biology 22: 716–726.

Guanter, L., Y. Zhang, M. Jung, et al. 2014. Global and time-resolved monitoring of crop photo-
synthesis with chlorophyll fluorescence. Proceedings of the National Academy of Sciences of 
the United States of America 111: E1327–E1333.

Han, Z., W. Song, X. Deng, et al. 2018. Grassland ecosystem responses to climate change and 
human activities within the Three-River Headwaters region of China. Scientific Reports 8: 
9079. https://doi.org/10.1038/s41598-018-27150-5.

Hilker, T., N.C. Coops, M.A. Wulder, et al. 2008. The use of remote sensing in light use efficiency 
based models of gross primary production: A review of current status and future requirements. 
Science of the Total Environment 404: 411–423.

Hua, T., and X. Wang. 2018. Temporal and spatial variations in the climate controls of vegetation 
dynamics on the Tibetan Plateau during 1982–2011. Advances in Atmospheric Sciences 35: 
1337–1346.

Justice, C.O., J.R.G. Townshend, E.F. Vermote, E. Masuoka, et al. 2002. An overview of MODIS 
Land data processing and product status. Remote Sensing of Environment 83: 3–15.

Keenan, T.F., I. Baker, A. Barr, et  al. 2012. Terrestrial biosphere model performance for inter- 
annual variability of land-atmosphere CO2 exchange. Global Change Biology 18: 1971–1987.

Li, Q., C. Zhang, Y. Shen, et  al. 2016. Quantitative assessment of the relative roles of climate 
change and human activities in desertification processes on the Qinghai-Tibet Plateau based on 
net primary productivity. Catena 147: 789–796.

Lin, S., J. Li, Q. Liu, et al. 2018. Effects of forest canopy vertical stratification on the estima-
tion of gross primary production by remote sensing. Remote Sensing 10: 1329. https://doi.
org/10.3390/rs10091329.

Liu, D., Y. Li, T. Wang, et al. 2018. Contrasting responses of grassland water and carbon exchanges 
to climate change between Tibetan Plateau and Inner Mongolia. Agricultural and Forest 
Meteorology 249: 163–175.

Miao, F., Z. Guo, R. Xue, X. Wang, Y. Shen, C. Cooper, 2015. Effects of Grazing and Precipitation 
on Herbage Biomass, Herbage Nutritive Value, and Yak Performance in an Alpine Meadow on 
the Qinghai–Tibetan Plateau. PLOS ONE 10(6):e0127275

Monteith, J.L. 1972. Solar radiation and productivity in tropical ecosystems. Journal of Applied 
Ecology 9: 747–766.

Morel, J., A. Bégué, P. Todoroff, et al. 2014. Coupling a sugarcane crop model with the remotely 
sensed time series of fIPAR to optimise the yield estimation. European Journal of Agronomy 
61: 60–68.

Peng, J., Z. Liu, Y. Liu, et al. 2012. Trend analysis of vegetation dynamics in Qinghai-Tibet Plateau 
using Hurst Exponent. Ecological Indicators 14: 28–39.

Z. Chao et al.

https://doi.org/10.1038/s41598-018-27150-5
https://doi.org/10.3390/rs10091329
https://doi.org/10.3390/rs10091329


61

Propastin, P., and M. Kappas. 2009. Modeling net ecosystem exchange for grassland in central 
Kazakhstan by combining remote sensing and field data. Remote Sensing 1: 159–183.

Ren, G., and A.B.  Shrestha. 2017. Climate change in the Hindu Kush Himalaya. Advances in 
Climate Change Research 8: 137–140.

Revadekar, J.V., S. Hameed, D. Collins, et al. 2013. Impact of altitude and latitude on changes in 
temperature extremes over South Asia during 1971-2000. International Journal of Climatology 
33: 199–209.

Running, S., Q.  Mu, M.  Zhao, 2015.  MOD17A2H MODIS/Terra Gross Primary Productivity 
8-Day L4 Global 500m SIN Grid V006 [Data set]. NASA EOSDIS Land Processes DAAC. 
doi: 10.5067/MODIS/MOD17A2H.006

Sánchez, M.L., N. Pardo, I.A. Pérez, et al. 2015. GPP and maximum light use efficiency estimates 
using different approaches over a rotating biodiesel crop. Agricultural and Forest Meteorology 
214-215: 444–455.

Schubert, P., F. Lagergren, M. Aurela, et al. 2012. Modeling GPP in the Nordic forest landscape 
with MODIS time series data—Comparison with the MODIS GPP product. Remote Sensing of 
Environment 126: 136–147.

Sharma, E., D. Molden, P. Wester, et al. 2016. The Hindu Kush Himalayan monitoring and assess-
ment programme: Action to sustain a global asset. Mountain Research and Development 36: 
236–239.

Shen, M., S. Piao, X. Chen, et al. 2016. Strong impacts of daily minimum temperature on the green-
 up date and summer greenness of the Tibetan Plateau. Global Change Biology 22: 3057–3066.

Shi, F., X. Wu, X. Li, et al. 2018. Weakening relationship between vegetation growth over the 
Tibetan Plateau and large-scale climate variability. Journal of Geophysical Research: 
Biogeosciences 123: 1247–1259.

Shim, C., J. Hong, J. Hong, et al. 2014. Evaluation of MODIS GPP over a complex ecosystem in 
East Asia: A case study at Gwangneung flux tower in Korea. Advances in Space Research 54: 
2296–2308.

Sun, X., G. Ren, A.B. Shrestha, et al. 2017. Changes in extreme temperature events over the Hindu 
Kush Himalaya during 1961–2015. Advances in Climate Change Research 8: 157–165.

Sun, Y., C. Frankenberg, M. Jung, et al. 2018. Overview of Solar-Induced chlorophyll Fluorescence 
(SIF) from the Orbiting Carbon Observatory-2: Retrieval, cross-mission comparison, and 
global monitoring for GPP. Remote Sensing of Environment 209: 808–823.

Tiwari, P.C., and B. Joshi. 2015. Local and regional institutions and environmental governance in 
Hindu Kush Himalaya. Environmental Science & Policy 49: 66–74.

Turner, D.P., W.D. Ritts, W.B. Cohen, et al. 2006. Evaluation of MODIS NPP and GPP products 
across multiple biomes. Remote Sensing of Environment 102: 282–292.

United Nations, 2017. World Population Prospects: The 2017 Revision. https://esa.un.org/unpd/
wpp/Publications/Files/WPP2017_Wallchart.pdf.

Vitousek, P.M., H.A. Mooney, J. Lubchenco, et al. 1997. Human domination of earth’s ecosystems. 
Science 277: 6.

Wu, Z., P. Dijkstra, G.W. Koch, J. Peñuelas, B.A. Hungate, 2011. Responses of terrestrial ecosys-
tems to temperature and precipitation change: a meta-analysis of experimental manipulation. 
Global Change Biology 17(2):927–942.

Xin, Q., M.  Broich, A.E.  Suyker, et  al. 2015. Multi-scale evaluation of light use efficiency in 
MODIS gross primary productivity for croplands in the Midwestern United States. Agricultural 
and Forest Meteorology 201: 111–119.

Xu, J., R.E. Grumbine, A. Shrestha, et  al. 2009. The melting Himalayas: Cascading effects of 
climate change on water, biodiversity, and livelihoods. Conservation Biology 23: 520–530.

You, Q., G. Ren, Y. Zhang, et al. 2017. An overview of studies of observed climate change in the 
Hindu Kush Himalayan (HKH) region. Advances in Climate Change Research 8: 141–147.

Zeng, Y., X. Chen, and W. Jin. 2014. Land use/cover change and its impact on soil carbon in eastern 
part of Qinghai Plateau in near 10 years. Transactions of the Chinese Society of Agricultural 
Engineering 30: 275–282. (in Chinese).

3 Tracking of Vegetation Carbon Dynamics from 2001 to 2016 by MODIS GPP…



62

Zhang, C.L., Q. Li, Y.P. Shen, et al. 2018. Monitoring of aeolian desertification on the Qinghai- 
Tibet Plateau from the 1970s to 2015 using Landsat images. Science of the Total Environment 
619-620: 1648–1659.

Zhang, J., C. Liu, H. Hao, et al. 2015. Spatial-temporal change of carbon storage and carbon sink 
of grassland ecosystem in the Three-River Headwaters region based on MODIS GPP/NPP 
data. Ecology and Environmental Sciences 24: 8–13.

Zhang, Q., J.M. Chen, W. Ju, et al. 2017. Improving the ability of the photochemical reflectance 
index to track canopy light use efficiency through differentiating sunlit and shaded leaves. 
Remote Sensing of Environment 194: 1–15.

Zhao, M., F.A. Heinsch, R.R. Nemani, et al. 2005. Improvements of the MODIS terrestrial gross 
and net primary production global data set. Remote Sensing of Environment 95: 164–176.

Zhao, M., and S.W. Running. 2010. Drought-induced reduction in global terrestrial net primary 
production from 2000 through 2009. Science 329: 940–943.

Zheng, Y., L. Zhang, J. Xiao, et al. 2018. Sources of uncertainty in gross primary productivity 
simulated by light use efficiency models: Model structure, parameters, input data, and spatial 
resolution. Agricultural and Forest Meteorology 263: 242–257.

Z. Chao et al.



63© Springer Nature Switzerland AG 2020 
Z. Shang et al. (eds.), Carbon Management for Promoting Local  
Livelihood in the Hindu Kush Himalayan (HKH) Region, 
https://doi.org/10.1007/978-3-030-20591-1_4

Chapter 4
Livelihood and Carbon Management 
by Indigenous People in Southern 
Himalayas

Dil Kumar Limbu, Basanta Kumar Rai, and Krishna Kumar Rai

Abstract The two important anthropogenic drivers for carbon cycle in the 
Himalayas are land use (rangeland, shifting cultivation and community-based forest 
management) and fuel use (biomass energy). Shifting cultivation, though illegal in 
the southern Himalayan regions of India, Bhutan and Nepal, is still widely practiced 
by indigenous people for their livelihood. This chapter reviews carbon dioxide and 
methane management in the southern Himalayan region, in particular, Nepal, India 
and Bhutan. The review will be limited to land and fuel use, as these are the most 
important anthropometric drivers of the carbon cycle and reduce livelihood security 
in the Himalayas.

Keywords Southern Himalayas · Indigenous people · Livelihood security · 
Carbon management · Biomass energy

4.1  Introduction

The Himalayan range extends west-northwest to east-southeast, almost uninter-
rupted, in an arc for 2500 km, covering an area of 500,000 km2 (Wadia 1931). Its 
western and eastern borders are Nanga Parbat and Namcha Barwa, respectively 
(Fig. 4.1). It is bordered on the north-west by the Karakoram and the Hindu Kush 
ranges (Valdiya 1998) and on the south by the Indo-Gangetic Plain (Le Fort 1975). 
Though India, Nepal, and Bhutan have sovereignty over most of the Himalayas, 
Pakistan and China also occupy parts of the region.

The Himalaya region is among the most vulnerable parts of the world to cli-
mate change. The anthropogenic activities that alter the C cycle, and thus nega-
tively affect the climate, can be divided into two broad categories: (1) land use and 
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management, which is concerned with human choices about how to use/manipu-
late the land; and (2) fossil fuel usage, which involves human use of C-based fuels 
(Robinson et al. 2013). The Himalayan region, including the Tibetan Plateau, has 
shown consistent warming trends during the past 100  years (Yao et  al. 2006). 
However, little is known about the climatic characteristics of the southern 
Himalayas, partly because of the paucity of observations and partly because of 
insufficient theoretical attention given to the complex interaction of spatial scales 
in weather and climate.

Shifting cultivation, though illegal in the Himalayan regions of India, Bhutan and 
Nepal, is still widely practiced by indigenous people for their livelihood. Pastoralism, 
another mainstay of livelihood for the mountain people, is also being restricted by 
governments under the pretext of carbon offset policy. However, because of the 
general apathy and counter-productive government policies, these guardians of the 
Himalayas are gradually being deprived of the right they have enjoyed from eons 
past. Such counter-productive stances on the part of the government may raise 
issues of livelihood security and resilience among the shifting cultivation-dependent 
people, who may face reduced provision of ecosystem services because of limited 
access to land. Rather than decrying the age-old livelihood styles of the mountain 
indigenous people, the government should develop/enforce policies that have ade-
quate elements of sustainability so that weaning off to sustainable practice is 
smooth.

Fig. 4.1 The Himalayan region (Photography by Krishna K. Rai 2018)
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4.2  Himalayan People and Their Livelihood

The Himalayas are inhabited by 52.7 million people, spreading across five coun-
tries: Nepal, Bhutan, China, India and Pakistan. Of this total, 48.5% reside in west-
ern Himalayas, 36.4% in central Himalayas and 15.1% in eastern Himalayas. The 
indigenous/tribal local people of the Himalayas represent a vast diversity in socio- 
economic life, cultural heritage and resource use patterns. Despite their habitation 
in different zones, the tribal people display commonalities in the economic and 
social life, with variations necessitated to maintain harmonious coordination 
between resource availability and population structure (Samal et al. 2010).

The Great Himalayan area, which constitutes about 30% of the land, is sparsely 
populated and contains only 10% of the population. Since the area actually culti-
vated in the Great Himalaya is hardly 2% of that in the Himalaya, a significant 
proportion of the population must supplement its income from other sources or else 
migrate south to the hills and plains (Karan 1987).

Life is very difficult in the infinitely tough Himalayan terrain because the com-
munities are isolated from the world due to climatic and infrastructural adversities. 
Wrestling with the adversities, the highlanders have learnt to eke out a living from 
subsistence agriculture, forest utilization and pastoralism/animal husbandry 
(Naudiyal and Schmerbeck 2017). Women folk are responsible for all the sedentary 
activities like gathering fodder, fuelwood, farming and cooking, while men are 
responsible for trade activities and managing the livestock.

4.3  The Indian Context

4.3.1  Physiography and Indigenous People of Indian 
Himalayas

India, with an area of 3,287,469 km2, is situated north of the equator between 8°04′ 
to 37°06′ N latitude and 68°07′ to 97°25′ E longitude (Fig. 4.1). Principal land uses 
include 161.8 M ha of arable land (11.8% of the world) of which 57.0 M ha is irri-
gated, 68.5 M ha is forest and woodland, 11.05 M ha is permanent pasture, and 
7.95 M ha is for permanent crops.

The indigenous people (or tribal people) of India are referred to by an umbrella 
term adivasi (Gandhi 1968). They include a heterogeneous set of ethnic and tribal 
groups of the aborigines of India. The Indian Himalayan region (IHR) represents 
nearly 18.5% of the total tribal population of India. More than 175 of the total 573 
known tribes of India inhabit the Himalayan belt stretching through Jammu and 
Kashmir in the west to Nagaland in the northeast.
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4.3.2  Land Use Pattern and Carbon Management in Indian 
Himalayan Region (IHR)

The adverse impact of climate change on natural resources, including soil, is one of 
the major issues discussed widely across many parts of the world. Anthropogenic 
factors and greenhouse gas (GHG) emissions from abrupt land-use change are some 
of the driving forces contributing to climate change (Meena et al. 2018). Agricultural 
activities such as land-use change contribute 6–39% of total CO2 emissions, offset-
ting of which is possible only through proper land-use specific carbon sequestration 
approaches (Lungmuana et  al. 2018). About two-thirds of the estimated carbon 
sequestration potential comes from land-use change: shifting cultivated cropland to 
grass cover for conservation use (e.g., Conservation Reserve Program (CRP) or for 
use as hay or pasture). On high-tenure farms, three-quarters of sequestration poten-
tial is derived from land-use change (Claassen and Morehart 2009). However, there 
is a paucity of data on linkages between carbon management and land use patterns 
in the Himalayas. The southern slopes are covered with thick vegetation while the 
northern slopes are generally barren. Subsistence agriculture, pastoralism, fuel-use 
pattern and forest utilization are the main components that can be linked to carbon 
management in the IHR.

In the IHR, forest is the major land use pattern, which covers over 52% of the 
area, followed by wastelands and arable land (11%). However, dependency on the 
limited arable land is marginally higher in the IHR than the rest of the Himalayans 
and the combined cultivators and agricultural laborers comprise about 59% of the 
total workforce in the region. During the period 1999–2001, whereas India’s forest 
cover recorded a growth of about 6% despite rapid urbanization, the increase in the 
Himalayan region was only marginal (0.41%), probably due to higher dependence 
on forest rather than on arable land (Nandy and Samal 2005).

4.3.2.1  Shifting Cultivation in the Indian Himalayas

The people of the IHR, especially those in the northeast, adopted traditional prac-
tices of replenishment in the region over the years. One such method was jhum 
cultivation, which is basically the shifting cultivation or the slash-and-burn agricul-
ture (Ramakrishnan 1984).

Simply put, shifting cultivation entails rotation of fields (rather than crops), 
clearing the cultivation area by means of fire, employment of dibbling stick or hoe 
and a short period of soil occupancy alternating with long fallow periods. The old 
cultivated land recovers vegetation cover during the fallow period (Satapathy et al. 
2003). The latest review on shifting cultivation can be found in Delang and Li 
(2013).

This tribal practice enabled regeneration of forests before the same land was 
cultivated again. The jhum cycle that once involved as long as 25 years has been 
shortened to 4–5 years in recent years (Barthakur 1981; Ramakrishnan 1984). As 
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the jhum cycle becomes successively shorter, the rate of soil erosion accelerates. 
This is a strong indicator of the deteriorating ecological balance of the region, 
increasing human pressure on land, and growing food needs.

A good number of reviews and research on sifting cultivation in the IHR is avail-
able (Ramakrishnan 1984; Nandy and Samal 2005; Choudhary 2012; Sati and 
Rinawma 2014; Wapongnungsang et al. 2018). Approximately two million tribal 
people cultivate close to 11 M ha of land under shifting cultivation (Wapongnungsang 
et al. 2018). In northeast India alone, ~85% of the total cultivation area is covered 
by shifting cultivation (Rathore et al. 2012) and ~100 tribal farmers (over 0.62 mil-
lion households) are involved in this practice.

There are both advantages and advantages of shifting cultivation. Shifting culti-
vation was thought to be beneficial when it emerged (Tomar et al. 2012) for soil 
fertility rejuvenation, zero tillage, minimal weeds and soil pathogens and release of 
locked nutrients within the biomass as ash load (Wapongnungsang et al. 2018). In 
the current context, however, shifting cultivation is considered unsustainable 
because of the reduced jhum cycle (Tomar et al. 2012). The major demerits of shift-
ing cultivation is that it causes deforestation, soil erosion and is not viable on a large 
scale. Land-use change, particularly soil organic carbon (SOC) loss induced by 
shifting cultivation is a common land degradation issue in the hilly tracts of the 
humid tropics (Lungmuana et al. 2018). However, the net per hectare changes in C 
stock (both biomass and soil) are smaller under shifting cultivation than under per-
manent cultivation. There is a small net release of other GHG during the cropping 
cycle but this is still hard to quantify (Tinker et al. 1996). Deforestations for perma-
nent agriculture, plantations and pastures lead to changes in the evapotranspiration, 
runoff and local climate (Tinker et al. 1996).

Since shifting cultivation is the mainstay of traditional agriculture in the eastern 
Himalayan region, approaches were implemented to strengthen the existing cultiva-
tion practice instead of imposing modern intervention. Against this backdrop, 
experiments carried out by Kumar et  al. (2016) in remote villages of Nagaland 
deserves mention. The author adopted site-specific agro-based interventions, which 
proved to be beneficial in augmenting productivity of major crops and livestock, 
thus ensuring more income, employment and food security. The success achieved in 
this study could be a model for future policy decisions for sustainable development 
in wider coverage and assured development in the vast eastern Himalayan region.

According to Bhuyan et al. (2003), land use pattern has a significant effect on 
soil CO2 emission in the eastern Himalaya. The authors studied three land use pat-
terns, viz. paddy agro-ecosystem, jhum agro-ecosystem and forest. They found sig-
nificant variation in soil respiration rate, the highest (297 mg CO2 m−2 h−1) being in 
the forest area and the lowest (136 mg CO2 m−2 h−1) in the jhum cultivation. Soil 
respiration in all sites showed strong seasonal patterns with higher values observed 
in the wet season. It is not known whether the authors also accounted for CO2 emis-
sion due to slash-and-burn activities. Nevertheless, the rate and amount of in situ 
CO2 release depends on vegetation types, season, abiotic variables (soil tempera-
ture, water content, etc.) and microbial decay of soil organic matter and root (Bhuyan 
et al. 2003).
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4.3.2.2  Rangeland, Grassland, Pasture and Pastoralism in the Indian 
Himalayas

Grassland, rangeland and pasture are closely related terms and so calls for a distinc-
tion among them. While there are many definitions of each of these terms (compiled 
by Briske 2017), the fundamental differences mentioned by Pandeya (1988) should 
serve the purpose in the present context. The author referred to ‘grassland’ as land 
with more than 80% occupied by grasses, ‘rangeland’ as vegetation wherein grazing 
occurs or can occur, and ‘pasture’ as land in which grasses are grown for feeding. 
Rangeland is an area where wild and domestic animals graze or browse on unculti-
vated vegetation.

India’s rangelands cover an area of about 121 M ha (~40% of the country’s geo-
graphical area). Sedentary, semi-migratory, and migratory systems of grazing all 
occur throughout India. Due to extremities of climate, poor management, and con-
stant grazing, these areas have degraded at an alarming rate. In the Indian Himalayas, 
alpine grasses and meadows account for 114,250 km2. These pastures and grass-
lands range from 300 to 4500 m a.s.l., traversing sub-tropical, temperate, and alpine 
environments (Singh 1986).

In the north-western part of India, the high altitude sub-alpine and alpine pas-
tures are grazed during the short summer (~4  months) by migratory herds. 
Rangelands only cover 5.4% and 3.5% of Rajasthan and Gujarat, respectively. In the 
east, grassland and pastures comprise less than 1% of the total area, even though 
animal husbandry is an important source of livelihood for local people.

Pastoralism in the IHR rangelands is an important land-use pattern that merits 
description. The definition of pastoralism varies greatly in terms of purposes and 
focuses (e.g., intensional, extensional, descriptive, stipulative, etc.) (Dong 2016).

For the pastoralist communities of the IHR, livestock is the sole source of liveli-
hood and is considered as ‘the engine and inspiration’ of the mountain economy 
(Maikhuri et al. 2018). However, Indian pastoralism is under-researched and poorly 
documented. Only a small portion of pastoral groups have been described in some 
detail—these include some of the larger communities in western India and some of 
the Himalayan region. This appears natural because worldwide literature on pasto-
ralism is extremely uneven and determined by politics and security issues as much 
as by the need of empirical data. Be that as it may, there are more than 200 tribes 
comprising 6% of the country’s population engaged in pastoralism (Sharma et al. 
2003), contributing 25% of the nation’s agricultural GDP and making India one of 
the world’s largest livestock producers (Bhasin 2011).

Pastoralism in the Himalayas is based on transhumant practices and involves 
cyclical movements of livestock from lowlands to highlands to take advantage of 
seasonally available pastures at different elevations in the Himalayas (Bhasin 2011; 
Dong 2016).

In terms of ecological services, accumulated evidence shows that effective ani-
mal grazing can contribute to maintaining healthy rangeland vegetation, which gen-
erates rich biodiversity, promotes biomass production, captures carbon, reduces 
erosion, maintains soils, and facilitates water-holding capacity (Frank et al. 1998).
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Large pastoral systems represent a great (actual and potential) carbon sink, and 
pastoralism can effectively promote the potential of rangeland for capturing carbon. 
It was estimated that grasslands/rangelands store ~34% of the global stock of 
C.  Effective pastoral grazing management can thus be used as tool not only to 
improve grassland/rangeland biodiversity but also to prevent land degradation and 
desertification through maintaining rangeland ecosystem integrity (Costanza et al. 
1997). However, due to continued growth of human population, agricultural expan-
sion, industrial development, and sedentary livestock farming in recent centuries, 
pastoralism has been on the decline. The world’s few extant grazing ecosystems 
face large and growing threats (Frank et al. 1998) and pasturelands of IHR are not 
exceptions. The compounded decline in rangeland quality and quantity (i.e., forage 
production) associated with climate warming and increased CO2 concentration may 
weaken pastoralism but the conversion of cropland or reclamation of mine land into 
pastureland can mitigate GHG emission by promoting sequestration of carbon in 
soil (Liebig et al. 2005).

In the Indian Himalaya such as Himachal Pradesh, pastureland-based animal 
husbandry is quite important, but there is an absence of explicit pastoral policies. 
The pastoral production systems have been regarded as mal-adaptive and backward 
and largely overlooked by the policymakers (Sharma et  al. 2003). State policies 
have become increasingly counter-productive by restricting mobile forms of land 
use adopted by the pastoralists. Decision-makers and politicians are of the view that 
pastoralism is a threat to the Himalaya because of overgrazing and overstocking 
(Dong et al. 2016). Thus the pastoralists of IHR are facing uncertain future due to 
pressure from ‘conservation’ lobbies that want ‘exclusive conservation’. 
Sustainability has also been threatened by the growing anthropogenic activities and 
constraints on livestock grazing in many forests (Maikhuri et al. 2018).

4.3.2.3  Community Based Forests (CBFs) and Carbon Management 
in the Indian Himalayas

CBF regimes can be categorized according to the tenure rights enjoyed by stake-
holders. These rights largely determine the extent of empowerment. According to 
Gilmour (2016), the spectrum of generic types of CBF in order of increasing 
strength of rights devolved, include: (1) participatory conservation, (2) joint forest 
management, (3) community forestry with limited devolution, (4) community for-
estry with full devolution, and (5) private ownership.

There is no denying that forests, when sustainably managed, can play a central 
role in climate change mitigation and adaptation. Good forest management secures 
the survival of forest ecosystems and enhances their environmental, socio-cultural 
and economic functions. It can both maximize forests’ contribution to climate 
change mitigation and help forests and forest-dependent people adapt to new condi-
tions caused by climate change (FAO 2010b). Deforestation and forest degradation 
account for 12–20% of the annual GHG emissions (Bluffstone et al. 2015).
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Understanding the role of CBFs in climate change mitigation is important 
because 25% of the developing country forests are under effective community man-
agement (World Bank 2009). Forests are the key source of carbon sinks and poten-
tial GHG emissions, and community forests are about a quarter of the developing 
country forests, where virtually 100% of net forest biomass loss is taking place.

Important carbon stocks in many forests around the world have been maintained 
and enhanced due to management practices of local communities, which range from 
conservation and reforestation to community fire management. Community-based 
forest management (CBFM), embracing various degrees of community involve-
ment, can significantly contribute to reduce forest emissions and increase forest 
carbon stocks, while maintaining other forest benefits. Forest-dependent communi-
ties are also at the center of climate change adaptation efforts, which must focus on 
strengthening people’s adaptive capacity and resilience. Active participation of 
communities in all aspects of forest management, taking into account people’s 
needs, aspirations, rights, skills and knowledge, will contribute to the efficiency, 
sustainability and equity of forest-based measures to tackle climate change (FAO 
2010a).

The policies corresponding to the CBFMs in India have not yielded significant 
results because of the lack of an appropriate tenurial arrangement in favor of the 
forest managing communities (Nayak 2002). Community-based forest management 
and natural resource management were under-rated by the policy makers until Joint 
Forest Management (JFM) policy came into being in the year 2000 (Khawas 2003). 
Today, about 26–34% of the forests is owned by/reserved for communities and indi-
viduals (Molnar et al. 2011; Gilmour 2016), but the literature on community forests 
in the IHR is rather sketchy. Unlike in Nepal and China, Indian villagers hold only 
weak tenure rights to forests and enjoy only weak influence over forest management 
under the country’s Joint Forest Management program (Gilmour 2016).

4.3.3  Fuel Use Pattern in the Indian Himalayas

4.3.3.1  Biomass as Fuel

The data given by different authors on global use of biomass energy are contradic-
tory. More than two billion people rely on biomass energy for cooking and heating. 
Biomass contributes to ~10% of the global energy supply, with two-thirds used in 
developing countries (IEA 1998; Bensel 2008; Vakkilainen et al. 2013). According 
to IEA (1998), biomass (then) represented 14% of world’s final energy consump-
tion. Around 40% of the world’s population depends on fuelwood (Amare 2014).

IEA (2006) predicts that population growth will render 2.7 billion people still 
relying on plant-based energy forms in the year 2030. In India alone, the population 
relying on traditional biomass for fuel increased from 740 million in 2004 to 777 
million in 2015, with a projected increase to 782 million in 2030. According to a 
compilation by Bhatt and Sarangi (2010), fuel wood requirements per capita in the 
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eastern-, central-, southern- and Nepalese Himalayas are 3.1–10.4, 1.49, 1.90–2.20 
and 1.23 kg/day, respectively.

In the Kanchenjunga Transboundary Conservation Landscape of the eastern 
Himalaya, over 90% of households remain dependent upon biomass energy (fuel 
wood) for virtually all domestic uses. Liquefied petroleum gas (LPG) is being 
adopted only gradually and unevenly. On average, a household in the Conservation 
Landscape consumes ~4–5 kg/day on an annual basis (Chaudhary et al. 2017). Bhatt 
and Sachan (2004) estimated an average fuel wood consumption of 3.9–5.81 kg/day 
for north-east Himalayas.

Fuel wood burning has clear negative consequences for carbon budgets, emis-
sions of GHGs (both locally and globally) and particulate matter, ecosystem health, 
human health, and livelihoods (Smith 1998; Ekholm et al. 2010). Although there are 
some variations, consumption of fuel wood, both commercial and domestic, has 
been described as one of the main drivers of forest degradation throughout the world 
(Bensel 2008). There are studies that estimate fuel wood extraction resulting in 
50–80% deforestation in developing countries (USAID 1989; Bhatt and Sachan 
2004). Anthropogenic cause of deforestation is responsible for 17–25% of all GHG 
emissions.

Wood fuel accounts for over 54% of all global wood harvests per annum, a sig-
nificant and direct role of firewood extraction in forest degradation (Osei 1993). It 
has been suggested that firewood collection and shifting cultivation are the major 
causes of primary deforestation in the region. One means to alleviate fuel wood 
pressures, where LPG is inaccessible, would be to encourage the widespread adop-
tion of improved cooking stoves. These stoves emit less CO2 and particulate matter 
and also have been positively correlated with improved household health status 
(Bajracharya et al. 2012; Chaudhary et al. 2017).

4.3.3.2  Biogas Option for Carbon Management

Biogas, which refers to a mixture of different gases produced by the breakdown of 
organic matter (present in agricultural waste, manure, food waste, etc.) in the 
absence of oxygen, is principally a mixture of methane (CH4) and CO2 along with 
other trace gases. Although CH4 has a global warming potential (GWP) of 21, burn-
ing it (as biogas) is carbon-neutral and does not add to GHG emissions (UF 2018). 
Replacement of wood fuel with biogas can therefore be an attractive proposition for 
reduction of GHG in the hills. Cow dung is the most important animal substrate in 
the rural hills as it is available in almost all households and on average contributes 
almost 60% of per capita biogas potential (Gross et al. 2017). An abundant supply 
of animal wastes for biogas production is further ensured by the increase in stall- 
feeding of animals because of the shrinking grazing area.

In India, the need for alternative sources of energy became apparent with the 
onset of the oil crisis in the 1970s. Biogas plant soon became the predominant 
source of renewable energy, particularly in the rural areas where the dung is avail-
able in abundance. Today, India has the second largest biogas program in the world 
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after China. By 1999, over 2.9 million family type biogas plants were installed in 
India, with an estimated potential of 12 million plants. Although biogas has been a 
success in several states, its presence is merely a token in the north-east and 
Himalayan region. The most serious limitation of the technology is low gas produc-
tion during winters (by ~25–30%) because the digestion by microorganisms is slow 
at lower temperatures (Agrawal 1987).

India has developed a number of models for biogas digesters to suit varying 
capacities. Bhol et al. (2011) reviewed three successful designs of biogas plants that 
have been somewhat standardized, and are being widely disseminated in India, viz. 
(1) KVIC (promoted by Khadi Village Industries Commission of India), (2) Janata, 
and (3) Deenbandhu (at present the most popular). While the design promoted by 
KVIC is a floating gas-holder type of plant, both the Janata and Deenbandhu designs 
are of the fixed-dome type. In colder climate like the lower reaches of the Himalayas, 
the Deenbandhu fixed model is considered ideal.

The main advantages of using biogas are: (1) methane, one of the gases respon-
sible for global warming, gets burned, (2) households need very little firewood, 
reducing the pressure on our fragile forests, (3) reduces the drudgery of collecting 
and carrying the firewood daily for women while allowing time for other activities, 
(4) it is smokeless and thus has a positive impact on family health, (5) there are no 
recurring costs, and (6) the dung slurry is composted for manure (Grassroots 2009).

4.4  The Nepalese Context

4.4.1  Physiography and Indigenous People of Nepal

The territory of Nepal (Fig. 4.1), with an area of 147,181 km2, falls in the central 
portion of the Himalayan arc and extends between 80°04′ and 88°12′ E longitude, 
and 26°22′ and 30°27′ N latitude. About 80% of Nepal’s land is occupied by moun-
tains. Nepal is divided into eight roughly parallel physiographic regions from south 
to north, viz. (1) Terai, (2) Siwalik Range (or briefly Siwaliks) with dun valleys, (3) 
Mahabharat Range, (4) Midlands, (5) Fore Himalaya, (6) Great Himalaya, (7) Inner 
Himalayan valleys, and (8) Tibetan marginal ranges (Dhital 2015).

Indigenous Peoples of Nepal are officially described as Indigenous Nationalities 
(Adivasi Janajati). They number ~8.5 million, or 36% of the country’s total popula-
tion. As many as 59 (previously 61) indigenous communities have been officially 
and legally recognized by the Nepal government (NFDIN) Act-2002, out of which 
17 live in the northern Himalayan region of Nepal. Most of indigenous people live 
in remote and rural areas and make a living out of subsistence farming, some are 
nomads (e.g., Raute), some are agro-pastoralists, and some are forest dwellers (e.g., 
Chepang and Bankariya).
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4.4.2  Land Use Pattern and Carbon Management in Nepalese 
Himalayas

Nepal has very distinct land use patterns, as it is influenced by climatic variation 
(affected by maritime and continental factors), altitude and land topography. The 
great variety of micro-climatic conditions in the country results in a diversity of land 
use and farming practices (Paudel 2015). Land use in the hills differs from that of 
the plains. The total land cover of Nepal is 14.72  M  ha. The land use statistics 
according to Go-N (2014) is, agricultural land cultivated (21%), agricultural land 
uncultivated (7%), forest, including shrubs (39.6%), grassland and pasture (12%), 
water (2.6%) and others (17.8%).

4.4.2.1  The Shifting Cultivation in Nepalese Himalayas

Many indigenous communities (e.g., Chepang, Magar, etc., of poor economic sta-
tus) in Nepal still use shifting cultivation, locally known as khoriya and bhasme, in 
which they clear and cultivate secondary forests in plots of different sizes and leave 
these plots to regenerate naturally through fallows of medium to long duration 
(Fujisaka et al. 1996). Shifting cultivation in Nepal in many cases is characterized 
by 2–4 years of cultivation and 4–9 years of fallow. There is marked tendency to 
prolong cultivation and shorten the fallow with the increase in population pressure, 
and a corresponding decrease in the cultivatable land. In some cases, shifting culti-
vated lands are also being gradually converted to settled farms and regular cropland 
in some areas (Bajracharya et al. 1993).

The information of the total distribution of shifting cultivation areas in Nepal is 
not available, but existing studies show that this practice is prevalent in 20 districts 
of Nepal (Regmi et al. 2005). The Government of Nepal has no specific policy on 
shifting cultivation, nor is the word/term ‘shifting cultivation’ acknowledged in any 
of its land use policies. In essence, the government of Nepal does not support shift-
ing agriculture (Kerkhoff and Sharma 2006). In some cases, since the majority of 
shifting cultivators do not legally own the land, forest authorities tend to introduce 
or impose programs that compel them to take up alternative livelihoods.

A case study by Kafle et al. (2009) on shifting cultivation among the resource- 
poor Chepang people of Gorkha and Tanahu mid-hills describes the relationship 
among land use transition, climate change and human health. In the past three 
decades, the fallow period in shifting cultivation lands has been reduced to about 
2.5 years because of constraints (including such as population pressure). More than 
50% of Chepang farmers now practice annual cropping instead of fallow in the 
shifting cultivation land (Kafle 2011).

Shifting cultivation is in transition across the world. The characteristics of the 
shifting cultivation are changing over time. The relationship between the crop yield 
and fallow period is not clear though it is perceived that shorter fallows result in 
decreased yield. Altering crop and fallow management practices are widely 
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 perceived and practiced to improve the traditional shifting cultivation practices. 
Studies on shifting cultivation in Nepal are inadequate in concluding current status, 
distribution, management practices and practical implications in relation to this 
practice (Kafle 2011).

In the context of changing climate, land use transition on shifting cultivation 
practice in terms of altering fallow period and agricultural intensification can exac-
erbate the vulnerability of the resource-poor farmers and mitigation (carbon seques-
tration) potential of soil in Nepal. There is urgent need for systematic studies on 
shifting cultivation in Nepal, and based on this, to provide result-based recommen-
dations to the government for its mainstreaming in national plans, policies and pri-
orities (Kafle 2011).

4.4.2.2  Rangeland, Grassland, Pasture and Pastoralism

Rangelands in Nepal comprise an area of 3.33 M ha, accounting for 22.6% of the 
total land area. More than 80% of the rangeland falls in the Himalayan region. 
However, livestock utilize only 37% of the available rangeland grass. Depending on 
the condition of rangeland, annual production of grass is 0.65–360 MT/ha (dry mat-
ter) in Nepal (Rangeland Policy of Nepal 2012).

The livelihoods of pastoralists depend greatly on plants, water, animals and other 
natural resources in the rangelands. Rangelands occupy the single largest proportion 
of the Nepalese Himalayan region. Grazing lands in the high mountain parks are 
called patans (Figs. 4.2 and 4.3) in western Nepal and kharka in eastern Nepal and 
animal are allowed to graze in specific time on a rotational basis.

The general perceptions of inefficient traditional management of rangelands, 
confusions over ownership, and conflicts have resulted in a low national priority and 
neglect of indigenous knowledge of skills and techniques in pastoralism (Sharma 
et al. 2003). The creation and expansion of protected areas has contributed to the 

Fig. 4.2 Rangeland of western Nepal (patan) (Photography by Kamal Maden 2017)
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exclusion of herders from their pasturelands, leading to a decline in pastoral produc-
tion (Kreutzmann 2012).

Transhumant pastoralism in the mountains of Nepal is an age-old practice. 
However, due to policy and institutional, governance, and climatic factors, the 
future of transhumant pastoralism in Nepal is uncertain, and the practice may even 
disappear (Banjade and Paudel 2008; Aryal et al. 2014). Other constraints to trans-
humant pastoralism are modifications of livelihood options due to changes in 
demography, migration, shortage of labor, diversification of agriculture, market 
influence on rural economy, and privatization and nationalization of rangelands 
(Namgay et al. 2013). Conflicts (between communities, government, herders and 
non-herders) in rangeland management and rangeland use have also been identified 
as a threat to the continuation of transhumant pastoralism in Nepal (Banjade and 
Paudel 2008).

Increase in population, soil erosion, uncontrolled grazing, wildfire and swidden 
agriculture have brought about marked loss of biodiversity and productivity and 
shrinkage of the Himalayan rangelands. Gradual erosion of traditional knowledge 
on management of rangelands, coupled by lag in adoption of scientific rangeland 
management practice have posed a challenge to the sustainable management of the 
rangelands. Climate change due to global increase in air temperature has led to a 
decrease in productivity. Encroachment of grassland and increase in the number of 
invasive and/or unpalatable plant species are other challenges facing the develop-
ment of rangeland. Rangeland Policy 2012 introduced Nepal government aims to 
address, among other things, measures to minimize environmental degradation, 
mitigate the effects of climate change, assess the contribution of carbon sequestra-
tion, control overharvesting, overstocking, and reduce biodiversity loss.

Fig. 4.3 Rangeland of eastern Nepal (kharka) (Photography by Dil K. Limbu, 2010a)
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4.4.2.3  Community Based Forests (CBFs) and Carbon Management

Globally, Nepal appears to be at the forefront of CBFM practice (Ojha et al. 2007). 
Analysts divide evolution of forestry in Nepal in three distinct phases, viz. (1) priva-
tization (until 1957), (2) nationalization (1957–1970s), and (3) decentralization 
(late 1970s onward). Forest Act in 1993 was the most significant regulatory devel-
opment in support of community forests in that it guaranteed the rights of local 
people in forest management. Nepal became the world’s first country to enact such 
radical forest legislation, allowing local communities to take full control of govern-
ment forest patches under a community forestry program (Pathak et al. 2017).

Today there are 26,487 CBFs in Nepal, covering 2.3 M ha (38.5% of total forest 
in the country), and involving more than 3.8 million households. Of the CBFs, com-
munity forests alone account for 1.72 M ha, 2.3 million households (Pathak et al. 
2017), and 16,000 community forest user groups (CFUGs). Figure  4.4 shows a 
thriving community forest of eastern Nepal.

The Forestry Act of 1993 and additional forest regulations in 1995 provided 
authority to CFUGs to manage forests. While the state retained ownership of the 
forests, it granted community groups the right to manage their forests. Community 
management of Nepalese forests has resulted in many ecological and economic 
benefits, including increased crown cover and higher productivity. For instance, a 
longitudinal 5-year study covering 2700 households from 26 CFUGs in the Koshi 
Hills showed large-scale improvements of people’s livelihoods and food security 
(Upadhyay 2012). Similarly, Rayamajhi et al. (2012) concluded from their study on 
economic importance of central Himalayan forests (180 households from lower 
Mustang district) to rural households that forest dependency level is significant. The 
average forest income share was found to be 22% of total annual household income.

Fig. 4.4 A thriving community forest of eastern Nepal (Photography by Dil K. Limbu, 2010b)
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There is paucity of research data on CBFs of the Himalayas. According to one 
study, the average carbon in the hills of Nepal is 72.1 tons/ha in the forest managed 
under community forest program (CFP) to 76.1  tons/ha in non-CFP forests 
(Bluffstone et al. 2015).

According to Upadhyay (2012), CFUGs effectively managing their forests have 
been able to provide carbon sequestration and environmental services, including the 
provision of higher-quality water to downstream communities. Under Reducing 
Emissions from Deforestation and Degradation (REDD+), an effort is made to 
quantify such gains so that a proper compensatory mechanism can reward CFUGs 
according to their contribution in improving the environment. The resources gener-
ated from carbon trading and environmental services can be placed into a commu-
nity forestry fund, which can, in turn, be use to regenerate forests and create 
livelihood opportunities for users.

In Nepal, six categories of CBFs are recognized, viz. (1) community forest, (2) 
collaborative forest, (3) pro-poor leasehold forest, (4) religious forest, (5) protected 
forest, and (6) buffer zone forest. The details of the tenure arrangement and respon-
sibilities regarding these forests are given by Pathak et al. (2017).

4.4.3  Fuel Use Pattern in the Nepalese Himalayas

4.4.3.1  Biomass as Fuel

About 77% of energy consumption of Nepal is met by traditional biomass energy, 
which includes firewood, dung and agricultural residues. As per the National Census 
2011, 64% of the households depend on firewood and another 10.4% on dung for 
energy, the rest being on LPG and/or electricity.

Firewood consumption rates are influenced by myriad, interrelated factors, such 
as family size, caste, and season, which can vary greatly. For instance, in a 26-year 
long survey, Donovan (1981) found firewood consumption to vary by a factor of 67 
(when the lowest was compared to the highest). Wood characteristics are, of course, 
important in its selection for firewood purpose. For example, Morus laevigata and 
Castanopsis indica have calorific values (MJ/kg dry weight) of 13.91 and 19.89, 
respectively (Bhatt and Sarangi 2010). Figure  4.5 shows drying and stacking of 
firewood in eastern Nepal.

There is paucity of comprehensive data on firewood consumption in Nepal. Fox 
(1984) carried out survey on firewood consumption in Bhogteni, a village located 
near Gorkha bazaar (Central Himalaya); a range from 0.95 to 1.07 kg/capita/day 
was used, based on 107 households with an average of 6.1 individuals per house-
hold. The author concludes that firewood consumption patterns provide basic 
knowledge for designing forest management plans to meet immediate and long- 
term needs in rural Nepal. Rijal and Yoshida (2002) also carried out a similar study 
in winter and summer in traditional houses in the Banke, Bhaktapur, Dhading, Kaski 
and Solukhumbu districts of Nepal and found firewood consumption rates of 0.6–
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4.6 and 0.8–2.6 kg/capita/day in winter and summer, respectively. Cooking required 
2.1–5.2 times more firewood than heating. The results also showed that the temper-
ate climate used less firewood than the sub-tropical climate which indicates that 
proper firewood usage can minimize firewood consumption. It is pertinent at this 
point to mention the tremendous popularity achieved by locally designed improved 
cooking stoves (ICS) of Nepal. Figure  4.6 shows some ICS designs offered by 
AEPC.

As such, ICS was introduced in Nepal in the 1950s and continues to have rele-
vance in the present context. AEPC, together with other government and non- 
government partners have thus far installed 700,000 ICSs in 63 districts (AEPC 
2018).

In a comparative study between ICSs and traditional stoves (involving 12,132 
households from three sites), Singh et  al. (2012) found significant reduction of 
PM2.5 (particulate matter less than 2.5 μm in aerodynamic diameter) and CO by ICS 

Fig. 4.5 Drying and stacking of firewood in eastern Nepal (Photography by Dil K. Limbu, 2010c)

Fig. 4.6 ICS designed by AEPC; (a) Two-hole design, (b) Three-hole design
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compared to local stoves. After 1 year of testing, the reduction in PM25 and CO was 
found to be 63.2% and 60.0%, respectively after 1 year.

4.4.3.2  Biogas Option for Carbon Management

Potential of biogas production to reduce firewood consumption in remote high- 
elevation Himalayan communities in Nepal has been researched by Gross et al. 
(2017). Biogas Support Program Nepal (BSP-N) has, in partnership with 
Alternative Energy Promotion Center (AEPC), installed 27,131 biogas plants 
(anaerobic digesters), with 83,695 beneficiaries. However, BSP-N has worked 
mostly in the lowlands and hills up to 2100 m a.s.l. It has very little experience at 
higher elevation areas, where the energy situation is precarious and about 25% of 
Nepalese population live. Anaerobic digestion at high elevation is challenging due 
to year-round low air temperature and lower annual biomass production per area 
compared to lowlands and potentially limited substrate availability. At present, 
there are approximately 100 biogas companies in Nepal carrying out their con-
struction/promotional activities.

At this juncture it is worthwhile mentioning that India has been very successful 
with a particular biogas plant named Deenbandhu that works well even in the cold 
climates of the Himalayan region. Nepal can either adopt this model or modify it to 
work in the austerity of Nepalese Himalayas.

4.5  The Bhutanese Context

4.5.1  Physiography and Indigenous People of Bhutan

The kingdom of Bhutan situated between the Tibetan plateau in the north and the 
Indian plain in the south. Bhutan’s total area is 38,394 km2 and lies between lati-
tudes 26°N and 29°N, and longitudes 88°E and 93°E. The land consists mostly of 
steep mountains and deep valleys criss-crossed by a network of swift rivers. This 
great geographical diversity, combined with equally diverse climate conditions, 
contributes to Bhutan’s outstanding range of biodiversity and ecosystems. However, 
as is the case in the neighboring Himalayan ranges, the land mass of Bhutan has 
fragile geology and immature soils.

There are three main ethnic groups in Bhutan. They are not necessarily exclu-
sive: the politically and culturally dominant Ngalop of western and northern 
Bhutan; the Sharchop of eastern Bhutan; and the Lhotshampa concentrated in 
southern Bhutan. Other small ethnic groups are Brokpa, Lepcha, and Doya 
tribes.
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4.5.2  Land Use Pattern and Carbon Management 
in the Bhutanese Himalayas

The Land Use Land Cover (2016) of Bhutan provides useful information on the 
coverage and distribution of major land cover types to enable management and 
monitoring of natural resources and changes in forest area and carbon stock.

Bhutan is in fact the only carbon-negative country in the world. Its ability to be a 
net carbon sink is due to its vast forest cover (~71% of the country) that help remove 
nearly three times as much CO2 as it produces (<2.5 million tons of CO2 each year) 
(FRMD 2017; Tutton and Scott 2018). Environmental protection is enshrined in the 
constitution, which states that a minimum of 60% of Bhutan’s total land should be 
maintained under forest cover for all time. The country even banned logging exports 
in 1999 and by 2025, increased hydroelectricity exports allow the country to offset 
up to 22.4 million tons of CO2 per year in the region (Tutton and Scott 2018). More 
details on Bhutan’s commitment to remain carbon neutral for all times is available 
at TED talks (TED 2016) in which Tshering Tobgay (the then Prime Minister of 
Bhutan) delivers a very persuasive speech on how Bhutan’s forests and hydropower 
will help achieve the goal. Bhutan’s forest resources are also widely touted by many 
as a significant contributor to rural livelihood. However, most of the forest products 
are directly consumed by people and thus do not enter the formal economy. Thus, 
the significance of forest products in general and fuelwood in particular, are often 
overlooked (Uddin et al. 2007). Although the majority of the total population are 
subsistence farmers and depend on agriculture and livestock for their livelihoods, 
agriculture in the country is severely constrained due to the very rugged terrain and 
extreme climatic conditions (FRMD 2017).

4.5.2.1  The Shifting Cultivation

Farming systems in Bhutan can be classified into three subsystems: (1) pastoral 
transhumance system, (2) subsistence-level crop and animal husbandry and (3) and 
early commercial farming, while the cultivation among the subsistence farmers can 
be divided into three types, viz. (1) valley cultivation, (2) terrace cultivation, and (3) 
shifting cultivation (tsheri in Bhutanese language).

Shifting cultivation is practiced on 32% of the cultivated land to hedge the risk 
of crop failure and to compensate for food deficit, and almost all farmers practicing 
it can be regarded as subsistence farmers. Maize represents 68% of crops produced 
on this land (Upadhyay 1995). The land tenure of shifting cultivation in Bhutan is 
not the same as in Nepal or India. This is probably because of the Land Act 2007, 
which is being enforced by the government to convert all shifting cultivation lands 
to dryland farms, orchards, and wetlands. As a result, the area under shifting cultiva-
tion in Bhutan has decreased by 12% (Dorji 2011). However, Bhutan still does not 
have a clear policy that addresses the issue of shifting cultivation, its tenure, and 
customary institutions. Despite having achieved success in pilot scales, farmers 
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opine that shifting cultivation is the most suitable land use in sloping areas with 
little or no irrigation opportunities (ICIMOD 2015). As such, shifting cultivation is 
illegal in all the three countries described in this chapter, viz. India, Nepal and 
Bhutan but the manifestation of law varies (Mertz and Bruun 2017).

4.5.2.2  Rangeland, Grassland, Pasture and Pastoralism

High altitude rangeland (tsa-drog in Butanese language) and livelihood systems in 
Bhutan are undergoing changes in resource availability, population and user rights. 
It is integral to yak (Poephagus grunniens) herding and semi-nomadic yak herders’ 
livelihoods (Gyamtsho 2002). High altitude tsa-drog includes temperate, sub-alpine 
and alpine rangelands located between 2500 and 6000 m a.s.l. The yak population 
of 48,400 heads concerns less than 1400 Bhutanese households, and less than 3% of 
the market shares of meat, butter and cheese. Yak herders are scattered and isolated 
in 11 of 20 districts (Derville and Bonnemaire 2010; Tenzing 2018), mostly adopt-
ing transhumant grazing (Dong et  al. 2016). According to a review by Tenzing 
(2018), tsa-drog degradation is a common problem facing yak herders. The degra-
dation may be attributed to overgrazing, soil erosion, landslides, shrub encroach-
ment, increases in human and livestock populations, family division of assets and 
climate change with significant rain events.

The Bhutan government introduced the new Land Act of 2007 to promote sus-
tainable governance and incentivize yak herding. The Act includes a nationalization 
and leasing program, under which herders and livestock farmers are permitted to 
grow improved pasture and implement maintenance activities hitherto not allowed. 
However, there is confusion and uncertainty among the herders and farmers as there 
are no clear mechanisms and guidelines for implementing the leasing program 
(Gyeltshen et al. 2010).

4.5.2.3  Community Based Forests (CBFs) and Carbon Management

Today, Community Forestry (CF) is a key component of Bhutan’s forest policy. It 
has become an institutionalized part of the system for the sustainable management 
of Bhutan’s rich and diverse forest resources (RGoB 2010). Consequently, CF in 
Bhutan has gained an unprecedented fast pace in recent years, especially after the 
revised Forest and Nature Conservation Rules (FNCR) came into being in 2006. By 
December, 2017, the total number of community forests (CFs) increased to 733 
(corresponding to 3% of the total forest area and 30,352 management groups/house-
holds) (FRMD 2017). The long term vision for Bhutan’s CF is for a future that is 
sustainable, affordable, makes a significant contribution to rural livelihoods, pov-
erty reduction and improved forest condition which is resilient to climate change 
(RGoB 2010). Despite some impressive gains in implementing CF across Bhutan in 
recent years, it is not free from criticisms. In some cases, large scale industries have 
been forced to close down when calculations of sustainable harvesting limits have 
proven to be grossly over optimistic.
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4.5.3  Fuel Use Pattern in the Bhutanese Himalayas

4.5.3.1  Biomass as Fuel

In Bhutan, fuelwood is the only readily available source of energy for most rural and 
urban residents. Fuelwood accounts for 78% of total energy consumption and is the 
primary energy source for most rural and urban residents. The consumption of fuel-
wood is one of the highest in the world, at 1.2 MT/capita/year (Wangchuk 2011). 
Fuelwood harvesting in Bhutan is regulated by government laws, which stipulate 
that a household, irrespective of size, is allowed 16 m3 of fuelwood/year if it lacks 
electricity or 8 m3/year if it has electricity. This amount may not be sufficient for 
temperate- and alpine residents since Wangchuk et al. (2013) reported that a house-
hold required over three times the amount allowed in Wangchuck Centennial Park. 
When produced and harvested sustainably, fuelwood provides a renewable source 
of energy with low net carbon emissions (FAO 2010a), but managing this resource 
in the Bhutanese highlands is a challenge.

4.5.3.2  Biogas as Fuel Option for Carbon Management

For Bhutan, biogas technology is still at an evolving stage. After an initial setback 
in the late 1980s, its comeback in 2011 with a new formulation has begun to show 
promise. By the end of 2017, around 3176 family-sized units were installed in 17 
districts. The full project (3600 installations) is expected to benefit more than 15,000 
people directly. Apart from environmental reasons, this project aims at reducing 
poverty through reduced costs by replacing fossil fuels, or increasing income via the 
sale of the digested fertilizer created by the system. The systems have also reduced 
firewood use by approximately 10,000 MT/year. Since Bhutan has no known fossil 
fuel reserves, every unit avoided is also one that does not have to be imported, fur-
ther reducing fossil fuel use, and thereby contributing to environmental protection 
(Oestereich 2017).
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Chapter 5
Effects of Different Grassland 
Management Patterns on Soil Properties 
on the Qinghai-Tibetan Plateau
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Abstract Change in grassland management pattern has an important effect on eco-
logical function of grassland. Two grassland management patterns were developed 
after grassland contacted to individual households on the Qinghai-Tibetan Plateau, 
namely multi-household management pattern (MMP) without fences among house-
holds, and single-household management (SMP) with fences between adjacent 
households. Two representative counties (Maqu and Nagchu) of the Qinghai- 
Tibetan Plateau were selected to compare variation in soil properties between MMP 
and SMP, and pH, SOC, STN, and STP were selected as indictors of soil properties. 
The results showed that in Maqu SOC, STN, and STP were all significantly greater 
under MMP compared to SMP, in Nagchu, their values were also significantly dif-
ferent between them. All of these suggested that MMP without fences among 
households is of better soil condition than SMP with fences on the Qinghai-Tibetan 
Plateau.

Keywords The Qinghai-Tibetan Plateau · Grassland contact policy · Grassland 
management · Soil properties · Carbon losses

5.1  The Evolution of Two Different Grassland Management 
Patterns

Grasslands on the Qinghai-Tibetan Plateau (QTP), where pastoral practices date 
back at least 8800  years (Miehe et  al. 2009), covered roughly an area of 
1.33 × 106 km2, accounting for almost 59% of the total area of the QTP and about 
30% of the grasslands in China. For a long time, people who lived on the plateau 
played a crucial role in the formation and maintenance of their grassland 
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environment (Foggin 2012). However, over the last 50 years, nomads and pastoral-
ists around the world, including those in China, have been accused of exploiting and 
misusing natural resources in their fragile environments, due to the socioeconomic 
developmental processes and the prejudice against mobile populations by more 
numerically dominant sedentary agriculturalists (Török et al. 2016; Cao et al. 2017).

In China, scientists from the Chinese Academy working in remote sensing and 
policy-making also believed that overgrazing, associated with communal property 
rights, was the major driver of grassland degradation (Yeh et al. 2017). Accordingly, 
a grassland contract policy was introduced to the Qinghai-Tibetan Plateau (QTP) in 
the 1990s (Yeh and Gaerrang 2011). As grassland contract policy implemented, 
communes, which is a sustainable measures for grassland resources through collec-
tive action, through which multiple landowners can come together to manage com-
mon resources such as labor, pasture and food, and then decide upon the allocation 
of those resources in a way that transcends the geographic lines between their prop-
erties (Schutz 2010; Wang et al. 2016), were dissolved and families became respon-
sible for livestock and the marketing of their products (Cao et al. 2011).

At the beginning of the grassland contract system on the QTP, contract rules 
were clearly defined by governments. Namely, winter grassland was to be con-
tracted to single-households, and summer grassland could be contracted to groups 
(multi-households) (Yu and Farrell 2016) due to the difficulty of fencing in these 
grasslands with remote areas and various geographies. However, although winter 
grassland was contracted to single-households, many herders were unwilling to par-
ticipate in such an isolative practice because of their historic nomadism and depen-
dence on a collective lifestyle (Cao et al. 2011).

As a result, two distinct grazing management patterns emerged: (1) the multi 
household grazing management pattern (MMP), in which the grasslands are col-
lectively managed by two or more households without fences between them, and (2) 
the single household grazing management pattern (SMP), in which the grasslands 
are managed by individual households with fences (Cao et al. 2011, 2013a). With 
the implementation of these grassland contracts, the scope and area of the available 
rangeland were reduced. Currently, most of the MMP households have only one 
summer pasture and a single winter pasture, and some of the SMP households only 
have one pasture for year-round use (Cao et al. 2013a).

5.2  Effects of MMP and SMP on Social-Ecological System

Though policy-makers and most scientists still assume that overgrazing and climate 
change are the key drivers of degradation on the QTP, a small but growing number 
of scientists have tended instead to argue that a series of transformations of tradi-
tional forms of that have reduced mobility and fragmented the grasslands deterio-
rated socioeconomic development (Cao et al. 2013a, b).
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5.2.1  Social-Economic System

By social investigation, Cao et al. (2011) found that significantly greater economic, 
and social benefits accrued under MMP relative to SMP. For example, households 
under SMP spent about 3100 ¥ y−1 more than under MMP for additional fencing and 
sheepdog breeding costs; with an informal institutional arrangement, households 
under MMP revealed greater equality and sustainability in the use of grassland 
resources and were subject to fewer risks during potentially adverse social and natu-
ral events, compared to those under SMP.

Similarly, Gongbuzeren and Li (2016) noted that about 24% of the householders 
from 60 herders’ households in 2012 and 59% in 2014 said that milk production had 
declined under SMP, while about 30% of respondents in 2012 but only 19% in 2014 
said it increased under MMP. Between 2012 and 2014, the average livestock mortal-
ity under MMP was nearly 10%, while under SMP it was around 14%. Similar 
results were also found by Cai and Li (2016). Wang et al. (2016) found that herders 
who pooled their pastures for communal grazing reduced their expenditures on for-
age, improved their pasture-use efficiency, conserved pasture quality and spread out 
climate risks over a greater area by having access to a greater range of pasture types.

After indictors of economic system and social system were selected, respec-
tively, the total resilience of social and economic systems between MMP and SMP 
were compared by Cao et al. (2018a). In their paper, economic system indicators 
including: (1) Income and expenditure: to measure the livelihood of herders; (2) 
Infrastructure: to assess the herder’s welfare. Social system indicators including: (1) 
Equity: opportunities available for herders to access natural resources and to partici-
pate in decision-making; (2) Health: the outcome of changes to the herder’s life-
style; (3) Assistance: to assess help available to herders when natural hazards or 
manmade disasters happen; (4) Social relations: to measure the herder’s social net-
work and conflicts among herders; (5) Cultural inheritance: the status of the tradi-
tional knowledge vital to the protection of grassland, wildlife, livestock and herder’s 
health; (6) Institutional arrangements: costs and benefits of formal and informal 
institutions.

The resilience of each system was gauged using a decision support tool known 
as the Mauri Model, which is based on the economic, environmental, social and 
cultural well-being of the Māori, the indigenous people of New Zealand (Peacock 
et al. 2012). Based on this, the total resilience of social and economic system for 
MMP and SMP were presented in Table 5.1. Furthermore, the larger the total house-
hold size, the greater the economic benefits (Chen and Zhu 2015). From Table 5.2, 
it is clear that a lack of equity, cultural transmission and institutional arrangements 
may be the most serious problems for SMP. Therefore, the resilience of the social 
system could be enhanced if the SMP herders would recognize these issues and 
deliberately improve the situation, especially the issues of cultural transmission and 
institutional arrangements. However, there is very little space for the SMP to achieve 
equitable forage and water resources utilization due to the limited grazing area (Cao 
et al. 2018a).

5 Effects of Different Grassland Management Patterns on Soil Properties…
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5.2.2  Vegetation System

In 2009 and 2011, Yang (2012) and Cao et al. (2013a) selected 30 MMP winter 
pastures and 30 SMP winter pastures as sampled sites to compare the vegetation 
conditions between these two different grassland management patterns. The results 
were presented in Table 5.2. Based on Table 5.2, we could found that there were no 
significant differences in coverage, plant species richness, and group functions 
except sedge group between MMP and SMP in 2009, but by 2011 significant differ-
ences among them had emerged except grass function, suggesting that SMP more 
easier led to vegetable degradation than MMP over time. Also, Abuman et al. (2012) 
found that comparison with before grassland contracts (MMP), the average aboveg-
round biomass, coverage, vegetation height, and the number of plant species reduced 
by 47.0%, 15.8%, 44.1%, 33.2%, respectively, after grassland contracts (SMP). In 
addition, outside of the QTP, such as the Ningxia Hui Autonomous Region (Yu and 

Table 5.1 Resilience of economic and social systems for MMP and SMP, respectively (Date 
adapted from Cao et al. 2018a)

Indicators MMP SMP
Scoring
MMP SMP

Economic system
  • Income (RMB) High Low or average 1 −1
  • Expenditure (RMB) Low High 1 −1
  • Infrastructure Better Worse 1 −1
Social system
  • Equity Fair Unfair 2 −2
  • Health Good Average 1 −1
  • Assistance Yes Absent 1 −1
  • Social relations Good Average 1 −1
  • Culture inheritance Better Worse 2 −2
  • Institutional arrangement Yes Absent 2 −2

Table 5.2 Above-ground biomass, species richness, cover and biomass of functional groups under 
single- and multi-household use pattern, respectively (Date adapted from Cao et al. 2013a)

2009 2011
SMP MMP SMP MMP

Biomass (g) 24.16 ± 3.30 32.44 ± 5.12 ∗ 34.47 ± 2.26 42.34 ± 2.38 ∗∗
Cover (%) 89.2 ± 0.09 92.5 ± 0.13 ns 87 ± 0.01 91 ± 0.01 ∗
Species richness 21.0 ± 0.70 22.3 ± 0.65 ns 15.0 ± 0.58 18.35 ± 0.53 ∗∗∗
Sedge (g) 8.27 ± 0.81 11.84 ± 1.03 ∗ 15.23 ± 0.98 22.12 ± 1.48 ∗∗∗
Grass (g) 2.71 ± 0.56 3.08 ± 0.53 ns 4.37 ± 0.89 4.09 ± 0.97 ns
Poisonous weed (g) 12.49 ± 0.87 16.42 ± 1.77 ns 13.07 ± 1.60 15.35 ± 1.48 ∗∗
Legume (g) 0.67 ± 0.16 1.09 ± 0.37 ns 0.48 ± 0.10 1.49 ± 0.42 ∗

Note: ns, ∗, ∗∗, ∗∗∗ means not significant, and significant at p < 0.05, p < 0.01, and p < 0.001, 
respectively
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Yi 2012; Yu and Farrell 2013, 2016), Inner Mongolia (Hua and Squires 2015; Yu 
and Farrell 2016), and Gansu province (Hua et  al. 2015)  support the finding of 
greater vegetation degradation under SMP compared to MMP.

5.2.3  Soil System

Although a lot of studies showed that MMP can reduce grassland degradation and socio-
economic loss, the differences in soil properties, including soil organic carbon (SOC), 
soil total nitrogen (STN), soil total phosphorus (STP) and soil pH, between MMP and 
SMP at a relatively larger scale were explored. Therefore, the aim of this paper was to 
explore whether a grazing management pattern has an influence on soil properties, 
which are the key factors determining the soil quality and maintaining the plant growth. 
In this paper, we will synthesize part of our previous studies to illustrate the reasons for 
the differences in soil properties between MMP and SMP, including the sample 
method  and the main results. This will help readers to understand the comparison 
method adopted by ourselves and most of others during exploring the differences 
between MMP and SMP, including social, economic and vegetable differences.

The investigation was performed in Maqu and Nagchu Counties of the QTP 
(Fig. 5.1). Maqu County (33–34°N, 101–102°E) is located in the eastern QTP and 

Fig. 5.1 The location of two study cases of Maqu and Nagchu on Tibetan plateau

5 Effects of Different Grassland Management Patterns on Soil Properties…
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traverses the boundary of Qinghai and Sichuan provinces in China. The elevation 
ranges from 2900 to 4000 m with an average annual rainfall of 599.7 mm. The aver-
age annual temperature is 1.8  °C with an average monthly low of −10.7  °C in 
January and a high of 11.7 °C in July. The maximum air temperature during the 
growing season can reach 29 °C, and there are, on average, 270 frost days annually. 
The grassland area extends across 8700  km2: about 60% is considered alpine 
meadow. The genus Kobresia is dominant in this area. This area is commonly known 
as the ‘water tower’ of plateau, because the surface runoff from this region accounts 
for about 58.7% of the total runoff to the Yellow River.

There are seven villages and one town (a sub-administrative unit) in Maqu 
County with a total population of 57,000  in 2015. About 89% of the people are 
herdsmen. The annual production value related to animal husbandry is 47 million 
RMB, constituting about 94% of the agricultural production value in this study area. 
Currently, about 90% of a herder’s income is derived from the trade of livestock and 
their byproducts; the remaining 10% comes from the sale of medicinal materials 
and other goods (Cao et al. 2011).

Nagchu County (30–31°N, 91–93°E) is a remote area of northern Tibet with a 
mean elevation above 4500  m and an average annual rainfall of 407  mm. The 
Yangtze River, Nujiang River and Lantsang River derives from Nagchu County, 
where belongs to the semi-arid monsoon climate of the subfrigid zone of the pla-
teau. About 90% of the total land area in this county (16,200 km2) is covered by 
Kobresia-dominated alpine grasslands and shrubs. The soil is mostly alpine meadow 
soil, and the special geographical environment and climate conditions make the 
ecosystem extremely vulnerable in this area.

Before the implementation of the grassland contract policy, which took place in 
1996 in Maqu and in 2002 in Nagchu, herders in both counties grazed their live-
stock on the grassland and frequently shifted among four distinct seasonal grass-
lands, suggesting that the vegetation and soil conditions were very similar in each 
seasonal grassland. However, after the implementation of the grassland contract 
policy, some grasslands have been grazed continuously under MMP, while other 
grasslands have been grazed continuously under SMP (Cao et al. 2011, 2017). In 
light of these changes in terms of the kinds of pastoral practices that emerged due to 
the implementation of the grassland contract policy, the study site presents a unique 
opportunity to investigate the influence of different grazing management patterns on 
soil properties on the Qinghai-Tibetan Plateau.

In 2016 and 2017, based on our previous investigation, winter grasslands from 
30 MMP and 30 from SMP in Maqu, and 20 winter grassland from MMP and 24 
from SMP in Nagchu were taken as sampling sites, respectively. To ensure compa-
rable sample sets in terms of other environmental factors for each management 
pattern, sampling sites were chosen with the same elevation, aspect, and soil texture 
and with at least two MMP and two SMP winter grasslands at each of these sites.

In addition, the sampling strategy also had the following stipulations: (1) they 
had been continuously grazed since the implementation of the grassland contracts 
in 1996 to ensure that the initial vegetation and soil conditions under the MMP and 
the SMP were similar, (2) they were predominantly used to graze yak to exclude the 
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effect of type of grazing animal on the soil properties, (3) all grazing livestock on 
MMP and SMP depended only on foraging from the grassland resources and did not 
receive any supplementary feed to exclude the effect of nutrient import via excre-
tion on the soil surface, and (4) they had the same stocking rate, which is mandated, 
monitored, and enforced by the Pastoral Supervisor Stations, as detailed in a previ-
ous study (Cao et al. 2013a, 2018b). At each of the sampled winter grasslands, one 
sample was composited from three plots (10 × 10 m) that were 10 m apart. In each 
plot, three soil samples (50 × 50 cm) were collected at the ends and midpoint of the 
diagonal to a depth of 30 cm using soil control sections (0–15; 15–30 cm) (Shang 
et al. 2014a).

5.2.3.1  Soil Properties Between MMP and SMP

In Maqu, in the 0–30 cm soil depth, pH under the MMP was significantly lower than 
under the SMP, and at each soil layer (0–15, 15–30 cm) it under the MMP also was 
significantly lower than its counterpart under the SMP, while in Nagchu, pH between 
the MMP and the SMP, and at the 0–15 cm soil layer under the MMP and its coun-
terpart under the SMP, were no different; either in Maqu or in Nagchu, the SOC, 
STN, and STP to the 30 cm soil depth under the MMP were all significantly greater 
than under the SMP, with approximately 47, 5.0, and 0.77 g kg−1, respectively, for 
the former, and 43, 4.3, and 0.73 g kg−1 for the latter, respectively, in Maqu, and with 
approximately 84, 6.9, and 0.59 g kg−1, respectively, for the former, and 74, 6.1, and 
0.54 g kg−1 for the latter, respectively, in Nagchu; both in Maqu and Nagchu, the 
SOC at each soil layer under the MMP was significantly different to its correspond-
ing layer under the SMP, but the STN and the STP only at the 0–15 cm soil layer 
under the MMP were significantly different to their counterparts under the SMP in 
Maqu, while in Nagchu, values of them only at the 15–30 cm soil layer under the 
MMP were significantly different to their corresponding counterparts under the 
SMP (Table 5.3).

Soil properties were different between in Maqu and in Nagchu (Table 5.3), sug-
gesting that the differences in ecosystem types are the key factors influencing soil 
properties (Cao et al. 2017). In Maqu, samples came from the alpine meadow, while 
in Nagchu, they were from the alpine swamp meadow. However, no matter how 
much the differences in soil properties between Maqu were and Nagchu, it seems 
that except pH between the MMP and the SMP being no difference in Nagchu, other 
soil properties were all better under the MMP than under the SMP. But remarkably, 
although soil C, N, and P between the MMP and the SMP were different, their stoi-
chiometries between them had no differences (Yang 2018; Li et al. 2018). In this 
case, stoichiometry, especially for soil C:N may not a good index to compare the 
soil quality with different management patterns, although Askari and Holden (2014) 
regarded that it together with SOC and soil bulk density could provide a practical, 
time and cost effective method for quantitative evaluation of soil quality under tem-
perate maritime grassland management.
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5.2.3.2  Soil Carbon Loss Caused by SMP

In Maqu, using Zou et al. (2009) figures of 1.10 g cm−3 for SBD under MMP and 
1.17 g cm−3 for SBD under SMP, the corresponding soil C storage to 30 cm was 156 
and 151 Mg ha−1, for MMP and SMP, respectively. In Nagchu, according to Sun 
et al. (2014), SBD under MMP and SMP can be regarded as 1.55 and 1.74 g cm−3, 
respectively, and based on this, their corresponding soil C storage to 30 cm was 392 
and 384 Mg ha−1, respectively. Given that grasslands have been contracted since 
1996 in Maqu, and 2002 in Nagchu, we estimated that about 0.25 Mg C ha−1 y−1 and 
about 0.57 Mg C ha−1 y−1 have been lost in Maqu and Nagchu, respectively.

After considered four policy scenarios for the winter grasslands (Scenario A, 
Scenario B, Scenario C, and Scenario D) and the summer grasslands (Scenario E, 
Scenario F, Scenario G, and Scenario H), respectively, across the QTP as below:

Scenario A: Represents an ideal condition in which all winter grasslands are grazed 
under MMP.

Scenario B: Based on our 2005 investigation in Maqu (Cao et al. 2011), about 80% 
of winter grasslands were grazed under MMP and remains were grazed under 
SMP. This could reflect the preferred grassland management pattern adopted by 
herders.

Table 5.3 pH, soil organic carbon (SOC), soil total nitrogen (STN) and soil total phosphorus 
(STP) under the multi-household grazing management pattern (MMP) and the single-household 
grazing management pattern (SMP)

Property
Maqu Nagchu
MMP SMP MMP SMP

pH
  0–15 cm 6.76a 7.02b 7.21a 7.19a
  15–30 cm 6.96a 7.12b 7.33a 7.49b
  Average 6.86A 7.06B 7.27A 7.34A
SOC (g kg−1)
  0–15 cm 56.17a 49.01b 95.85a 90.94a
  15–30 cm 38.38b 34.83a 72.78a 56.21b
  Average 47.27A 42.96B 84.31B 73.57A
STN (g kg−1)
  0–15 cm 5.57a 5.08b 8.00a 7.74a
  15–30 cm 3.62a 3.47a 5.74a 4.39b
  Average 4.96A 4.28B 6.87B 6.07A
STP (g kg−1)
  0–15 cm 0.82a 0.76b 0.63a 0.60a
  15–30 cm 0.71a 0.70a 0.56a 0.47b
  Average 0.77A 0.73B 0.59B 0.54A

The letters indicate differences at p < 0.05. Capital letters denote differences between MMP and 
SMP, while lowercase letters denote differences in a particular soil layer between MMP and SMP 
(Date mainly adapted from Cao et al. 2017, 2018b, c)

J. Cao et al.



99

Scenario C: Based on our investigation in 2015 and 2016 (unpublished) across the 
QTP, we found that only 30% of the interviewees were willing to adopt MMP in 
the winter grasslands. This was because unresolved conflicts in MMP had 
resulted in their breaking up into the smaller SMP units. In addition, a variety of 
policies, particularly the closing down of village-level schools combined with 
compulsory education in more distant county towns, and a major government 
push for education, has led to more and more herders choosing to leave the grass-
lands, which is facilitated by SMP.

Scenario D: Winter grassland contracted to individual households is still a policy 
goal so in this scenario all winter grasslands are grazed under SMP.

Scenario E: An ideal condition in which all summer grasslands are grazed under 
MMP.

Scenario F: Based on our 2005 investigation in Maqu (Cao et al. 2011), about 90% 
of summer grasslands were grazed under MMP and remains were grazed under 
SMP. This could reflect the preferred management pattern as in Scenario B.

Scenario G: As described in Scenario C, with the impact of policies of urbanization, 
marketization, and educational centralization, more and more herders are willing 
to adopt SMP. About 50% of the interviewees have elected to use SMP in recent 
years (data unpublished) on the whole QTP, so this scenario can be regarded as 
the baseline for future summer grassland management unless policymakers rec-
ognize the ecological problems associated with SMP and end the contracting 
policy.

Scenario H: All summer grasslands are grazed under SMP (assuming the various 
factors described above continue to encourage individual households to take up 
summer grassland contracts). Based on our findings, this scenario would have 
the worst ecological impact.

If we assume that half of all alpine grassland is used as summer grassland and 
half is used as winter grassland, and that the effect of MMP and SMP on SOC in 
summer grassland is the same as on winter grassland, C losses from the QTP can be 
calculated for each combination of winter and summer scenarios (Fig. 5.2). Under 
the combination of Scenarios A and E, soil C would not be lost while the combina-
tion of Scenarios D and H would cause the largest soil C loss (6.15 × 107 Mg C y−1) 
from the QTP.

5.3  The Reasons for Social-Ecologic System Under MMP 
Being Better Than Under SMP

As described above, social, economic, and ecologic benefits under MMP were bet-
ter than that under SMP, but there are few studies on exploring the reasons for dif-
ferences in socioeconomic benefits between them, so we will divide into two parts: 
one is the institutional reasons for MMP’ socioeconomic benefits being better than 
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SMP’s, and the other is the grazing reasons for MMP’ ecologic benefits (vegetation 
and soil) being better than SMP’s.

5.3.1  Institutional Reasons

To explain the institutional reasons, we considered the “Tragedy of the Commons” 
(Hardin 1968), which discussed the collective dilemma (Elsenbroich and Verhagen 
2016) that arose when stakeholders forgot historical strategies for resource utiliza-
tion, did not adopt proper self-governing institutions, or had little incentive to con-
serve, resulting in collective benefits being lost and the common good abrogated 
(Dutta and Sundaram 1993; Heller and Eisenberg 1998; Milinski et al. 2002; Dietz 
et al. 2003). This type of social dilemma has been studied extensively by political 
and social scientists, economists and evolutionary theorists (Feeny et  al. 1990; 
Ostrom et al. 1999; Rothstein 2000; Runge 1986; Milinski et al. 2002). While there 
is no one solution to collective dilemmas, potential resolutions include voluntary 
small group cooperation through rules and institutions ensuring a shared manage-
ment of resources (Moritz 2016).

Culture-cognitive elements that involve the creation of shared understandings 
that are taken for granted (Schermer et al. 2016) are very important for driving envi-
ronmental change and shaping social behavior and outcomes of natural resource 
management (Franzén et al. 2015). The common-interest group is a collective gov-
ernance mechanism, through which multiple landowners can come together to man-
age common resources such as labor, pasture and food, and then decide upon the 
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Fig. 5.2 Soil C losses (Mg C y−1) caused by the SMP under different scenario combinations on the 
QTP. (WG winter grassland, SG summer grassland. Dark colors indicate greater soil C losses, and 
light colors indicate less soil C loss. D + H represents the largest soil C loss caused by the SMP 
(6.15  ×  107  Mg  C  y−1), while A +  F represents the smallest soil C loss caused by the SMP 
(0.31 × 107 Mg C y−1) from the whole QTP) (Adapted from Cao et al. 2017)
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allocation of those resources in a way that transcends the geographic lines between 
their properties (Schutz 2010; Wang et al. 2016). Cooperation is promoted by many 
mechanisms that human society mainly depends on (Ohtsuki et al. 2006). MMP is 
a voluntary cooperative action and reflects the influence of cultural norms devel-
oped long before privatization, that were designed to balance the supply of ecosys-
tem services for grazing with human survival. In this case, it is particularly important 
that all households have equal rights of access to use the communal property 
resources and have the same probability of receiving benefits or sharing losses (Yu 
and Farrell 2016), i.e., cooperation is symmetrical (He et al. 2015).

It is also important that there are no ‘strong’ or ‘weak’ members of the MMP, 
because such asymmetrical cooperation would result in ‘strong’ households gaining 
more than ‘weak’ households, which might ruin the cooperative effort (Schutz 
2010). Furthermore, households under MMP are considerably better at sharing 
knowledge based on trial and error management practices within the community by 
cultural transmission, which is a key to many successful resource management deci-
sions (Flanagan and Laituri 2004; Franco and Luiselli 2014).

In the case of the MMP there are many kinds of informal institutions including 
those are flexible, responsive, multilevel and diverse, all of which can promote the 
resilience of social-ecological systems (Adger et al. 2005). For example, to balance 
the relationship between livestock numbers and grassland capacity, MMP house-
holds enacted strict regulations to limit stocking rates that each household had to 
adhere to. Inspections of livestock numbers are made twice each year by MMP 
representatives (Cao et al. 2011). If one household decides to settle in town, a com-
mon phenomenon across the QTP (Du and Zhang 2013; Ptackova 2011; Yeh and 
Gaerrang 2011), the right to use its grassland must be transferred to households 
within the MMP first, and the rental prices must be lower than the average level. If 
Household A has fewer people but has more grassland than Household B, the num-
ber of livestock of Household A may not reach the contracted number. Therefore, 
the grassland from Household A can be rented to Household B. Furthermore, the 
time of transhumance should be the same and rules regarding the prohibition of long 
hair, stealing and gambling can greatly influence members within the MMP (Cao 
et al. 2011). These informal institutions of the MMP perform with high efficiency 
and at a generally low cost (Cao et al. 2018a).

5.3.2  Grazing Reasons

As there is little deliberate management of soil per se in either MMP and SMP, 
investment (e.g. money, time, labor) in soil does not explain differences in soil prop-
erties. While the animal stocking rates for the MMP and the SMP are the same in 
both study areas, respectively, compared to MMP, the flexibility and mobility of the 
livestock under SMP is reduced (Yeh and Gaerrang 2011), thus leading to an inten-
sified trampling and less recovery time between grazing events (Dlamini et  al. 
2014). Trampling, which, combined with a number of other degrading factors, such 
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as deterioration of soil aggregates, increases in the soil bulk density and decrease in 
moisture content, water holding capacity and mechanical resistance (Chaudhuri 
et al. 2015; Herbin et al. 2011; Mei et al. 2013), could reduce the storage capacity 
and supply of soil nutrients (Christensen et al. 2004), and cause an increase in the 
C, N and P outputs, mainly through the removal of nutrient-rich clay particles in the 
topsoil layer (Lu et al. 2014). On the QTP, Luan et al. (2014) found that the effect 
of trampling on soil C losses can primarily be attributed to the reduced heavy frac-
tion organic carbon and that the effect of trampling on soil N losses is due to an 
increase in N2O flux with enhanced soil N transformation rates due to grazing.

Although lack of evidences about vegetation condition between the MMP and 
the SMP in Nagchu, it reported that with continuous (non-rotational) grazing under 
the SMP, plants can be smaller, resulting in lower plant cover and biomass, as con-
firmed in Maqu (Cao et al. 2011, 2013a). In the current study regions and others 
within the QTP, the lower aboveground biomass and the land cover were presum-
ably the primary limiting factors in improving the soil fertility (Dong et al. 2012). 
This is because inputs into the soil, which can act to free essential nutrients, could 
be reduced (Hirsch et al. 2017). In addition to the interactions between the overlying 
vegetation and soil, which cause lower fertility under the SMP than under the MMP, 
other factors could also explain this effect. For example, increased grazing intensity 
within limited areas under the SMP could induce an increase in plant digestibility, 
nutrient concentrations, and nutrient diversity. This can increase the quality of for-
age at the expense of losses in both soil carbon stock and nutrient availability (Niu 
et al. 2016). Meanwhile, as nutrients decline, the population of poisonous plants is 
likely to increase because such plants can tolerate nutrient-limited soil conditions as 
found by Cao et al. (2011) in Maqu.

In their study, they found that the species Ligularia virgaurea (a poisonous plant) 
became more common in the grasslands of the SMP compared to grasslands of the 
MMP.  Furthermore, they also found that the biomass of the C4 plant functional 
group, especially that of Cyperaceae spp. under the SMP, was significantly lower 
than that under the MMP (Cao et al. 2013a), and thus the soil fertility under the 
MMP was higher because C4 grasses can potentially improve the above-ground 
biomass (Wu et al. 2009), and that the biomass of legumes under the SMP was sig-
nificantly lower than that under the MMP, resulting in the differences in soil fertility 
between the two management patterns since legumes can fix excess atmospheric N2 
(Peoples et al. 1995).

Overall, with a limited grazing area, the SMP may not only lead to poor soil 
fertility as found in both study areas, but also result in a less uniform distribution of 
nutrients compared to the MMP as found in Nagchu (Cao et  al. 2018c). This is 
attributable to the notion that the grazing intervals induced by transhumance under 
the MMP could improve the distribution and availability of nutrients in grazed pas-
tures (Silveira et al. 2014). However, while this study provides plausible explana-
tions for the degradation of vegetation and soils under the SMP, further studies 
using well-coordinated multidisciplinary approaches are warranted to identify the 
effects of the MMP and SMP on soil properties.
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5.4  Suggestions on the Sustainable Development on the QTP

Traditionally, warm-season grazing is compatible with conserving species diversity 
and sequestering nutrients in topsoil, while cold-season grazing is suitable for 
sequestering nutrients in deeper soil strata; accordingly, periodic cold- and warm- 
season grazing would constitute a suitable grazing regime to maintain alpine 
meadow sustainability (Wu et  al. 2017). At present, some officials have realized 
that, under rapid economic development, there are problems associated with such 
policies, but these problems are unavoidable in a transition process designed for the 
betterment of future generations (Gongbuzeren et al. 2015).

Along with privatization, to improve the welfare of nomads, the government 
launched a comprehensive program subsidizing the establishment of stockyards and 
permanent settlements on winter pastures (Fassnacht et al. 2015). The present liveli-
hood adaption strategies related to sedentary grazing have provided greater conve-
nience to the local population, including providing safe drinking water, improved 
medical conditions, and economic profitability of the herding livelihood (Wang 
et al. 2015, 2016). However, the expected benefits from settlements have not been 
forthcoming, and land degradation and pastoralist poverty have not been eliminated 
(Yu and Farrell 2016). For example, livestock typically remain in fenced areas near 
the settlements or overnight campsites, and thus grazing intensity and effects are 
highest near the settlements, and the effect of trampling on the soil and vegetation 
is exacerbated (Dorji et al. 2013; Lehnert et al. 2014; Gongbuzeren et al. 2015).

Furthermore, settlements have led to the conversion of marginal croplands and 
native meadows into pastures (Zhang et al. 2012), while local grazing systems have 
raised dependence on artificial feeding and inputs coming from outside the grazing 
system (Wang et  al. 2016), and have led to a decline in biodiversity due to the 
increase in population size and growth rate (Wang et al. 2015).

Today, with the continuing implementation of grassland contracting as well as 
other policies (e.g. the sedentarization of pastoralists and the Grassland Retirement 
Program), flexibility in pastoralists’ management of pasture and livestock has been 
considerably decreased (Fu et al. 2012). Wang et al. (2015) proposed that, at a local 
scale, these unwise spatial and temporal grazing patterns that constrain herds in 
search of grass and water by moving them when distribution of resources changes 
(Fu et al. 2012) may be mainly responsible for “overgrazing”, and that optimizing 
seasonal grazing patterns could solve this issue. Therefore, a new management style 
based on individualized private ownership of properties, such as group and multi- 
household management, are needed (Wang et al. 2015).

It is acknowledged that there are currently no nomadic management patterns for 
us to compare with the results of the MMP, based on these two study cases, we 
could conclude that the SMP has caused significant soil degradation. Therefore, the 
grassland use policy (which currently advocates the SMP) should be implemented 
with caution in this important region in the future, as contracting of the grassland to 
individual households is still a goal of the government. If all grasslands on the QTP 
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are managed using the SMP, it is likely that the losses of soil C, N, and P will 
become substantial.

Considering the importance of the QTP, especially in terms of regional and 
global biogeochemical cycles and their roles in stabilizing the underlying environ-
ments, the losses of soil nutrients, may lead to regional scarcity in plant productiv-
ity. Therefore, appropriate institutional arrangements, which is to retain the nomadic 
element of pastoral husbandry while increasing the temporal and spatial scale of 
rotational stocking to reduce pasture degradation, such as put forward by Shang 
et al. (2014b) must be considered as an important measure to promote sustainable 
grassland management and to mitigate the negative effects of global warming on 
rangeland quality on the QTP (Dong et al. 2011).

Except these measures above mentioned, ecological compensation also should 
be concerned. Ecological compensation can be regarded as the price paid for indi-
viduals or regions to sacrifice their development opportunities in order to protect the 
ecology or the environment. Generally, it can reflect the relationship of relevant 
groups between environment and economic benefits, and can promote equity and 
development between regions and social groups, and can also be placed in a border 
social-economic framework. For example, although there are many causes of deg-
radation (e.g. population growth, sedentarization, market development, construc-
tion of infrastructure and mineral exploitation), the increasing number of livestock 
has probably accelerating a decline in grassland ecological services. However, in 
pastoral areas of this region, livestock is often regarded as a source of income (the 
main sources of income and development capital), a subsistence insurance (animals 
are sold in the event of health emergencies), a fuel source (dung), a lifestyle (via 
employment) and a measure of social status (more livestock means more respect in 
the community). Therefore, only a few livestock are traded voluntarily by the herd-
ers at market in order to get money, and herders are not willing to sell animals 
including excess that are over the carrying capacity of grassland.

Since herders are not willing to sell these excessive at market, a non-market 
method to estimate their value if policy were put in place to encourage herders to 
give them up in order to balance forage yield and livestock numbers. With non- 
market method such as contingent valuation, herders are offered a contingent situa-
tion, which is the possibility of a compensation for giving up livestock. With this 
method, Cao et al. (2012) found that the minimum acceptable compensation was 
estimated as 3717 RMB (~$555) for cattle and 503 RMB (~$75) for sheep at 2005 
prices. Based on this, we can provide ecological compensation for locals for giving 
up livestock in future.
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6.1  Introduction

Livestock industries have emerged to be a significant part of the world carbon cycle. 
Livestock production directly appropriates about 2 Pg C, or 3% of the global net 
primary production each year (Imhoff et  al. 2004). In addition, it substantially 
affects the collateral carbon flows via land use (change), animal metabolism and 
energy use. The diverse livestock production systems occupy over 25% of the ter-
restrial surface (Asner et al. 2004; Steinfeld and Wassenaar 2007). In terms of car-
bon losses to the atmosphere, the impact of livestock production has been estimated 
at 3.2 Pg CO2-equivalents per year in the world, mainly from livestock grazing and 
ruminant fermentation products (Asner and Archer 2010).

The Hindukush-Karakoram-Himalayan (HKH) region extends 3500  km from 
Myanmar in the east to Afghanistan in the west, and is the largest and most diverse 
mountain region in the world (Joshi et al. 2013). Nearly 60% of the land use/cover 
system is occupied by rangeland, with pastoralism as the main contribution to the 
livelihood of the local communities (Kreutzmann 2012). The HKH pastoral com-
munities inhabit mainly high-elevation temperate regions or arid/semi-arid zones to 
accommodate their grazing livestock, primarily yaks and sheep. Consequently, 
grazing livestock are the predominent cause of anthropogenic disturbances on the 
carbon cycle in this region.

The livestock carbon management system could be summarized as material flow, 
with human interventions, of the biogeochemical processes in the biospheric carbon 
pool, in which the atmospheric pool is regarded as an external system (Steinfeld and 
Wassenaar 2007). This system could be described as an input-output model that is 
composed of inputs (e.g. forage and human labor), anthropogenic carbon manage-
ment activities (i.e. grassland use, livestock management and energy use) and out-
puts (e.g. live animals, meat and dairy products). This chapter documents the main 
issues of livestock carbon management in the HKH, including up-to-date GIS data, 
and adds more information on carbon management from the livestock industry in 
highland Asia. Research on carbon management and climate mitigation in the HKH 
has largely been neglected.

6.2  Livestock Production Systems in the HKH Region

The HKH, covering 4,190,000 km2, exhibits a high degree of agricultural variability 
in it’s spatial segments. Pastoralism, agropastoralism and agroforestry livestock 
grazing are the dominant land uses of the vast ranglands of the HKH (Dong et al. 
2016). The GIS classification model ‘global livestock production systems’, engi-
neered by FAO and ILRI, provide sound data support for the determination of spa-
tial land use regimes for livestock (Robinson et al. 2011). In this model, livestock 
production was mapped in ESRI grids under a decision tree classification method by 
incorporating data of land cover, population density, length of growing period 
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(LGP), air temperature and elevation (Robinson et al. 2011). The HKH includes all 
14 livestock production systems in the model (Fig. 6.1), and 60% of the land was 
categorized as livestock-only systems (LG), which is the rangeland has a LGP either 
less or more than 60 days while the population density is less than 20 persons/km2. 
Specifically, the second level system of rangeland-based arid/semi-arid (LGY) 
zones, distributed centrally in the Tibetan Plateau totalling roughly 1,870,000 km2, 
occupies 74% of the LG system (Fig. 6.1). In the south, east and west edge of the 
HKH, regions having more cultivatable land, the mixed rainfed, irrigated and urban 
systems account for 15%, 2% and 0.7%, respectively, of the total area.

Pastoral practices are considered to be the major livelihood strategies in the 
mountains (covers the HKH). The traditional lifestyles, land uses and land manage-
ment practices are under rapidly increasing pressures from population explosion, 
modernization and globalization processes (Kreutzmann 2012). More specifically, 
the ‘classical’ practices are incorporating novel agricultural and pastoral approaches, 
and are evolving ‘modern’ methods that reflect strategies adopted by pastoralists 
(Kreutzmann 2012; Shang et al. 2014). Changes in the livestock sector and in the 
utilisation of high pastures were introduced by programs including: ‘Combined 
Mountain Agriculture’, ‘Detached Mountain Pastoralism’, ‘Classical Mountain 
Nomadism’, ‘Resettlement Project in High Pastures’ and ‘Agro-Pastoral 
Resettlement Scheme in Lowland Regions’. In the high elevation areas of the HKH, 
usually above 3000 m and including Tibet, Qinghai province in China and Bhutan, 
semi-nomadism is the main practice, while in lower elevation sites, including 
Afghanistan, India, Nepal and Pakistan, a more sedentary lifestyle is predominant 
(Wu et al. 2014).

Fig. 6.1 Livestock production systems in the HKH region (Source: Ruminant production systems 
v.5 by Robinson et al. 2011)
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From archaeological and genetic evidence, pastoralism with domesticated ani-
mals like yak and sheep has supported human settlements in highland Asia from the 
late-Holocene period (Rhode et  al. 2007; Zhao 2009; Qiu et  al. 2015), and has 
shaped the highland extensive socio-economical development in Eurasia (Frachetti 
et al. 2017). Typical pastoralist communities in the HKH include: Tibetans in China, 
Gaddis and Gujjars in India, Tamangs in Nepal, Baloch in northern Pakistan, Kuchi 
in Afghanistan and Brokpas in Bhutan. Besides, the lower mobility livestock pro-
duction systems in the HKH include: cattle and pig husbandry in Chittagong of 
Bangladesh and mixed crop (forestry)—livestock production in west and north-east 
Myanmar (Goletti 1999; Kreutzmann 2004; Tapper 2008; Halim et al. 2010; Dong 
et al. 2016). The livestock in the HKH are composed mainly of ruminants: yaks, 
sheep, goats, buffaloes, and zebu for the use of high pasture resources, while the 
monogastric animals like pigs, chickens and ducks are generally raised in the low-
land settlement area. Yaks and their hybrids have become the symbol of pastoralism 
in the HKH.

6.3  Livestock Distribution in the HKH Region

Animal distribution, density and population data were taken from FAO (Gilbert 
et al. 2018). To take advantage of the vast pastoral sources in the HKH, cattle, goats 
and sheep are raised at high densities, 13–15 head/km2 (Fig. 6.2), which is higher 
than the average in Asia, about 11 head/km2, and the global average, about 2 head/
km2. These high densities in the HKH were not reported (Singh et al. 2011) when 
discussing the global carbon mitigation issues by the Intergovernment Panel on 
Climate Change (IPCC). Buffaloes in the HKH are distributed mainly in northern 
India, south-west China and Nepal, away from the high, cold and arid environment. 
The average monogastric animal densities in the HKH (6 pigs/km2, 66 chickens/km2 
and 5 ducks/km2) are generally lower than the average in Asia (13 pigs/km2, 250 
chickens/km2 and 26 ducks/km2), due to the large areas that are unsuitable for these 
animals; however, the averages in the HKH are several-fold higher than the global 
averages (Wu et al. 2014).

The numbers of animals in each species are presented in Table 6.1. The HKH 
region of China, with the largest area (2,395,105 km2, 26% of country’s area), has 
the highest number of most animal species. This region provides about 15% of the 
ruminant livestock for the country. India, which has a much smaller area in the HKH 
than China (404,701 km2, 13% of country area), has the second largest number of 
most animals species; however, the numbers are generally lower than 10% of its 
domestic production, except for horses (36%) and pigs (30%). About half of the 
territories of Afghanistan, Pakistan and Myanmar are in the HKH (in total nearly 
400,000 km2). The production ratios of livestock in the HKH compared to the total 
in these countries are all above 70%; in Afghanistan, the HKH is the key livestock 
production region, more so than in Pakistan and Myanmar. Nepal and Bhutan, 
which are totally inside the HKH, both have high livestock densities. Bangladesh 

Y. Li et al.



113

has the smallest area in the HKH (15,543 km2, 11% of country area) and relatively 
low animal numbers. However, the pig density is high as the Bangladesh-HKH is an 
urban area with a high demand for pork (Halim et al. 2010).

6.4  Livestock Biomass Use in the HKH Region

Feed biomass is what links livestock to land use, and is a key carbon source in the 
livestock production materials flow (Fig. 6.3). There are four types of feeds: (1) 
grass for grazing and for silage; (2) grain, usually used as concentrate feed stuff; (3) 
occasional feeds; and (4) stovers (fibrous crop residue). Grasses constitute an impor-
tant part of high altitude terrestrial carbon pools as nearly 100% of feed biomass of 
ruminants is composed of grass (Wang et al. 2010; Herrero et al. 2013) (Fig. 6.1). 
Consequently, grass biomass is a significant part of the livestock sector affecting the 
carbon cycle in the HKH.

The FAO sub-national livestock databases enabled us to calculate the biomass 
use of specific livestock species in the cross-national HKH region. In this calcula-
tion, parameters of animal feed intake in south and central Asia were used from peer 

Fig. 6.2 Distribution of the main livestock species in and around the HKH region (Source from 
FAO Gilbert et al. 2018)
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reviewed papers (Xue et  al. 2004, 2014; Haberl et  al. 2007). In the global and 
national levels of bovine statistics, the yak was generally classified with cattle. 
These statistics could not be used to calculate biomass intake of ruminants for the 
HKH, as the dominant species, the yak, differs substantially in its production indi-
ces (live weight, diet quality, feed intake and feed-use efficiency) from lowland 
cattle. To account for these differences, we differentiated the original cattle data into 
yak and cattle by using the grassland divisions suggested by the International 
Vegetation Classification (IVC) (Fig. 6.4) (Dixon et al. 2014). The HKH region has 
14 grassland divisions under the IVC, including the Central Asian Alpine Scrub, 

Fig. 6.3 A conceptual framework of carbon management system of the rangeland livestock pro-
duction sector (Source by author in reference to Steinfeld and Wassenaar 2007)

Fig. 6.4 Grasslands distribution in the HKH region (Source from World Wildlife Fund, Ripple 
et al. 2014)
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Forb Meadow and Grasslands (3–12 in Fig. 6.4), the Eastern Eurasian Grassland 
and Shrubland (13–14 in Fig. 6.4) and the Eastern Eurasian Cool Semi-Desert Scrub 
and Grasslands (1–2  in Fig.  6.4). These grasslands are generally above 3000  m 
where mainly yaks are raised. From an extensive literature review of suitable habi-
tats for yak and cattle (Wiener et  al. 2018; Han et  al. 2003; Rhode et  al. 2007; 
Kreutzmann 2012; Wiener 2013) and, concomittantly confirming the yak distribu-
tion in the HKH IVC grasslands map (Kreutzmann 2012; Dixon et al. 2014), we 
were able to determine the boundary splitting the yak and cattle habitats.

Livestock production is a low efficient process in terms of carbon fixing from the 
atmosphere to the biosphere, as the net primary production consumed by rangeland 
livestock converted to secondary production is low (in the order of 2%) (Asner and 
Archer 2010). Besides, livestock land use (specifically grazing) contributes nearly 
30% of human appropriation of net primary production (HANPP), regardless of its 
linkage to cropping activities (49.8% of HANPP) (Haberl et al. 2007). Thus, there 
may be large amounts of carbon consumed by the livestock in the HKH.  In this 
chapter, carbon appropriation by livestock feed biomass intake was calculated by 
assuming an average carbon content of dry matter (DM) biomass of 50% (Krausmann 
et al. 2013). For the whole HKH region in 2010, cattle and buffaloes consumed the 
largest amount of biomass and carbon content (11.9 million ton C per year, 5.94 
million ton C per year), followed by sheep and goats (4.65 million ton per year, 2.32 
million ton C per year), yaks (2.48 million ton per year, 1.24 million ton C per year), 
pigs (0.84 million ton/year, 0.42 million ton C per year), horses (0.78 million ton C 
per year, 0.39 million ton C per year) and poultry (0.55 million ton C per year, 
0.27million ton C per year) (Table 6.2). The HANPP in the livestock sector is gener-
ally composed of biomass harvest for feed and the NPP change due to soil degrada-
tion induced by grazing activities (Krausmann et al. 2013). These measurements are 
important because of the dominant role of pastoralism and the uncertainty of the 
effect of grazing on land cover in the HKH (Wang et al. 2010; Lu et al. 2015; Zhang 
et al. 2015; Huang et al. 2016). By assuming that the livestock feed intake was a 

Table 6.2 Estimation of livestock feed biomass consumption and carbon appropriation in the 
HKH in 2010

Livestock
Quantity 
(head)

Feed intake (kg 
DM/head/day)

Biomass intake 
(million ton per 
year)

Carbon appropriation 
(million ton per year)

Yak 13,568,103 5a 2.48 1.24
Cattle and 
buffaloes

50,873,176 6.4b 11.88 5.94

Sheep and 
goats

127,327,013 1b 4.65 2.32

Horses 2,136,284 10b 0.78 0.39
Pigs 25,652,325 0.9b 0.84 0.42
Poultry 299,244,225 0.05b 0.55 0.27

aData from Xue et al. (2004)
bData from Haberl et al. (2007)
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direct measure of HANPP in the HKH, and using the population density data in 
2010, we calculated that the average HANPP amounted to 3.69 ton C/cap per year, 
which was more than double the average in Asia in 2005 (1.3 ton C/cap per year). 
This high value compared to the Asian average could be attributed to the high rumi-
nant density in the HKH. Moreover, from the data of Zhao and Running (2010), we 
calculated that the rate of livestock appropriation of carbon to the land amounted to 
2.5% of the NPP in 2010.

6.5  Carbon Emission of Livestock Production Sector 
in the HKH Region

Sources of carbon emissions in the livestock production system include soil, enteric 
fermentation, manure and energy use (Fig. 6.3). In the extensive rangeland system, 
where the local feed resource-based production is dominant, CH4 emission is the 
main component of total GHG emission in the livestock sector. Yaks generally pro-
duce less methane than cattle, which may be attributed to the co-evolution of rumen 
microbiomes toward energy-saving strategies in adapting to the high altitude envi-
ronment (Zhang et al. 2016).

We calculated livestock CH4 emission from enteric fermentation and manure 
from the main species in the HKH in 2010 by using the Tier 1 method in the IPCC 
guideline (Table 6.3). It emerged that livestock produced 3.77 million tons of CH4 
per year, of which 96% was from enteric fermentation and 4% from manure. The 
bovine was the main source of carbon, and contributed 64% of the total CH4 by 
livestock species (Table  6.3). By calculating livestock carbon appropriation and 
emission in the HKH (Fig. 6.5), the most intensive activity of the carbon cycle by 
livestock was in the south (northern India and northeast Pakistan), followed by 
northeast Qinghai, Gansu, Sichuan and Shigatse-Tibetan in China. The high 

Table 6.3 CH4 emission factors of livestock in HKH in 2010

Livestock

Enteric 
fermentation Manure

Enteric 
fermentation Manure Total

CH4 factors (kg 
per year)

CH4 factors 
(kg per year)

(CH4 million ton 
per year)

(CH4 million 
ton per year)

(CH4 million 
ton per year)

Yak 40 1 0.54 0.01 0.56
Cattle and 
buffaloes

47 1 2.39 0.05 2.44

Sheep and 
goats

5 0.1 0.64 0.01 0.65

Horses 18 1 0.04 0.00 0.04
Pigs 1 2 0.03 0.05 0.08
Poultry 0 0.01 0.00 0.00 0.00
Total 3.63 0.13 3.77

Emission factors from IPCC (2006) and Xue et al. (2014)
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Fig. 6.5 (a) HNAPP in the HKH in 2010 by assuming the livestock as the only carbon appropriate 
sector; (b) CH4 emission from livestock enteric fermentation in the HKH in 2010; (c) CH4 emis-
sion from livestock manure in the HKH in 2010
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 emission areas were found to be mostly in the mixed rainfed systems (MR) 
(Fig. 6.1). In comparing animal species in CH4 emission and the HANPP, poultry 
had the highest intake efficiency (the C input/C output was 0.3%), and yaks and 
cattle/buffaloes the lowest (the C input/C output was 12% and 11%, respectively).

On a time scale, the pastoral system in the HKH is under the process of shifting 
from traditional ruminant grazing and browsing to intensive industrial production 
(Kreutzmann 2012; Bai et al. 2018). The livestock production mobility change on 
the Tibetan Plateau is being driven mainly by government policies, including the 
projects Ecological Resettlement, Turning Pastureland into Grassland, and Nomadic 
Settlement. Numerous local pastoral communities have increased their livestock 
production systems in feedlots (Figs. 6.6 and 6.7), while the previous grazing lands 
have been fenced for ecological restoration. These changes can be summarized 
under the term ‘industrialization’, which is limiting livestock grazing while increas-
ing infrastructures dealing with storage, processing, transport and energy. These 
transformations have changed the carbon emissions, as on the one hand, feedlots 
ensure the quantity and quality of livestock feed in winter and as a consequence, the 
emission to production efficiency increases (Ding et  al. 2010), but, on the other 
hand, industrialization converts the energy use pattern in the livestock food chain 
from solar energy to high carbon equivalent fossil fuel (Steinfeld and Wassenaar 
2007). For example, in the pastoralist household, the on-farm fuel is mainly biofuel 
of yak dung and wood with low heating value (Rhode et al. 2007), while for the 
industrial production system, energy sources are mainly electricity, gas and coal, 
which have higher CO2 emission coefficients. These changes could increase the 
total livestock production emission as has been evaluated by Zhuang et al. (2017).

Fig. 6.6 Grazing yak on the Qilian mountains of the Tibetan Plateau
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From another perspective, industrialization entails land use intensification, which 
in the HKH has important ecological significances, as the dominant ecotypes, alpine 
and desert grasslands, are highly fragile, and are sensitive to human disturbances 
like grazing and land cultivation (Singh et al. 2011). Regarding the carbon cycle, 
carbon emission from soil degradation could be extremely high, as the soil carbon 
pool generally accounts for more than 90% of the total carbon in the ecosystem 
(Wen et al. 2013), and once degraded, becomes a carbon source emitted to the atmo-
sphere. The rangeland use intensification could reduce the pressure of grazing in the 
low valued grasslands while it maximizes the use of high productive land. Such a 
practice could reduce soil degradation from inappropriate grazing, and thus main-
tain the land carbon sequestration capacity. However, intensification implies higher 
inputs per unit land. In agriculture and livestock mixed systems, this includes fertil-
izers, seeds and land management activities, which can increase emissions. For 
example, there would be an increase in CH4 release from the breakdown of fertilizer 
and in emissions related to land use of forage seeds production, to soil organic mat-
ter oxidation/erosion due to cultivation and to respiration from organisms due to 
irrigation. As has been estimated, there is great potential of carbon sequestration in 
the dryland pasture soil (maximum achievable of 1 billion ton C per year) due to its 
large storage capacity, which is far from being saturated (Lal 2004). This would 
entirely offset livestock-related emissions from agriculture, and therefore, industri-
alization to a certain extent, could result in a carbon-negative practice by ‘sequestra-
tion through intensification’ (Steinfeld et al. 2006). Soil quality improvement as a 
result of increased soil carbon could bring important social and economic benefits 
to the drylands of the HKH, where the world’s poorest communities are living. 

Fig. 6.7 Industrial feedlot yak production on the Tibetan Plateau 
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Some practical examples could be observed on the Tibetan Plateau, where overgraz-
ing and climate change has exacerbated soil degradation extensively (Du et al. 2004; 
Wang et al. 2012), while in recent decades, restoration practices (e.g. artificial grass 
and animal exclosures) with subsidy policies (e.g. payment for ecosystem services) 
have been carried out with good environmental and social outcomes (Bryan et al. 
2018).

6.6  Conclusion

The HKH region is the home to the world highest altitude pastoralist communities, 
whose livelihood is tied closely to animal production. The anthropogenic carbon 
disturbance of livestock production in the HKH involves livestock HANPP and car-
bon emission, which have been described in detail in this chapter. The quantitative 
results of the HANPP and emissions indicate that there is a large carbon mitigation 
potential in the livestock sector in the HKH. The current rapid transformation of 
livestock production to industry should be considered, as these changes will require 
developing novel strategies for carbon management. Policies should be directed 
towards combining livestock production systems with infrastructure improvement 
and technological advances while, concomitantly, taking into account the political, 
economical and cultural aspects of the area.
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Chapter 7
Wetlands as a Carbon Sink: Insight into 
the Himalayan Region

Awais Iqbal and Zhanhuan Shang

Abstract The Hindu-Kush Himalaya region’s land cover is comprised of 54% 
rangeland, 25% agricultural land, 14% forest, 5% permanent snow and 1% water 
bodies. The Himalayans contain some of the largest water reservoirs, which are 
critical for HKH countries. Amidst these, wetlands have remained important to eco-
system services and the overall water cycle of the basins. Beside their cultural and 
provisioning amenities, wetlands are important carbon reservoirs, accounting for 
20–30% of the global carbon pool. They act as a sink for atmospheric carbon, thus 
can influence GHG emissions, especially CH4, and, thus, should be managed prop-
erly. However, substantial data gaps remain in quantifying carbon sequestration and 
the potential of CH4 emission. Furthermore, studies on CH4 fluxes in high-altitude 
wetlands, particularly in remote areas, remain inconclusive. Hence, more research 
is required to understand the role of wetlands in term of GHG emissions and carbon 
sequestration.
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7.1  Introduction

Wetlands are considered to be one of the oldest territories of the planet. Initially 
they posed a hindrance to human exploration, however once people learnt the art of 
boat building, what was once a hindrance became a convenient means for travel 
and exploration. Subsequently, wetlands became prolific habitats, and a vital food 
resource. In general, wetlands may seem as abrasive and threatening, with shallow 
standing water, strong odors, infinite swarms of mosquitoes and deep mud. The 
word wetland might seem simply as an area that is wet; nevertheless, describing a 
wetland is more challenging than one would anticipate. Wetlands comprise all 
regions where shallow water, both salty or fresh, moves or stands. Overall, oceans, 
seas and deep lakes are usually omitted from the definition of a wetland, yet the 
shallow boundaries of seas and lakes are considered as wetlands (Moore  and 
Garratt 2006).

Wetlands are occasionally termed as “the kidneys of the landscape” since they 
play an important role as the downstream receivers of waste and water from human 
and natural resources. Given this background, wetlands consume CO2, filter pollut-
ants, protect against flooding, hold and gradually release storm water runoff and 
generate much oxygen. In addition, wetlands have been called “ecological super-
markets” because of their rich biodiversity and vast food chain. Relating to its 
importance, wetlands are now valued worldwide and have led to wetland regula-
tions, conservation, management plans and protection laws. The Ramsar Convention 
on ‘Wetlands of International Importance’ (Ramsar Convention Secretariat 2013) 
endorsed a definition of wetlands that embrace all types of aquatic habitats: 
“Wetlands are areas of marsh, fen, peatland or water, whether natural or artificial, 
permanent or temporary, with water that is static or flowing, fresh, brackish or 
salty, including areas of marine water the depth of which at low tide does not 
exceed six meters.” The convention in its second article further stated that wetlands 
“may incorporate riparian and coastal zones adjacent to the wetlands, and islands 
or bodies of marine water deeper than six meters at low tide lying within the 
wetlands.”

Wetlands have championed the cause célebre for administrations across the 
world, because of the disappearance of water resources in natural habitats and loss 
of economy. To overcome these problems, scientists, engineers, lawyers and gov-
ernment officials are studying wetland ecology and wetland management to com-
prehend, preserve, and recreate these vulnerable ecosystems (Mitsch et al. 2009). 
Development of wetlands entails the interaction between living (animals and plants) 
and non-living components of the habitat (water, chemical, particles and rock). 
Collectively, the living and non-living elements co-exist as an integrated ecosystem 
(Fig. 7.1).
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7.2  Hindu Kush-Himalaya

The Hindu Kush-Himalayan (HKH) region covers an area greater than four million 
km2 (Gurung et al. in preparation), approximately 18% of the global mountain areas 
and almost 2.9% of the global land area. These gigantic mountain ranges contain the 
world’s largest peaks, including K2, Mount Everest, Lhotse, Kangchenjunga, 
Makalu, Cho Oyu, Annapurna and Dhaulagiri, and the headwaters of the ten fore-
most river systems, including Brahmaputra, Amu Darya, Ganges, Indus, Irrawaddy, 
Mekong, Yangtze, Yellow, Salween, and Tarim. In addition, these mountain regions 
support the livelihood of 210 million inhabitants while providing services and goods 
for 1.3 billion people residing downstream. Collectively, around three billion people 
benefit from food and energy yielded by the river basin. The HKH region includes 
China, Pakistan, India, Bangladesh, Myanmar, Afghanistan and all of Nepal and 
Bhutan (Fig. 7.2).

The land cover throughout the HKH region comprises 54% rangeland and scru-
bland, 25% agricultural land (including areas with a mixture of natural vegetation), 
14% forest, 5% permanent snow and 1% water bodies. The water bodies of the 
Himalaya consist of rivers, lakes and wetlands of various shapes and sizes, making 

Fig. 7.1 Living and non-living components of an ecosystem working together to form a wetland 
(Mitsch et al. 2009)
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it an ecosystem that fulfils a crucial function in the overall water cycle of the basins. 
Wetlands and lakes have received little attention in terms of water management and 
conservation; however, they are receiving more attention owing to their importance 
due to the probable consequences of global climate change. Table 7.1 shows some 
of the international important wetlands/regions, including those in the HKH.

7.3  Wetland Types

Wetlands differ among themselves in chemical, biological, hydrological and sedi-
mentation characteristics, as well as in in size and shape. Table 7.2 represents all 
types of wetlands that exist among the HKH countries. Numerous classification 
schemes have been employed in distinct regions (Finlayson and Van der Valk 1995). 
US Fish and Wildlife Service divide wetlands into two basic groups: freshwater and 
saltwater. Freshwater wetlands include marshes (prairie potholes, wet meadows, 
playa lakes, vernal pools), swamps (mangrove, shrub, forested), and bogs (common, 
fen, pocosin), while saltwater wetlands include tidal marshes and mangrove swamps. 
Estuarine/coastal wetlands account for 10% of the global wetlands, whereas fresh-
water wetlands make up the remaining 90%. The Ramsar convention primarily 
implemented a simple classification that identified 22 wetland types (Table 7.3) but 
was revised later to recognize more groups.

Fig. 7.2 Regions included in the HKH and Major river basins
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Table 7.1 Some internationally important Wetlands/regions of the Hindu Kush-Himalaya (Boere 
et al. 2006; Gujja 2007; Jha 2009; Byomkesh et al. 2009; Gopal et al. 2010; Sherab et al. 2011; Tan 
et al. 2011; Li et al. 2014; Khan and Arshad 2014; Uddin et al. 2015; Zhu et al. 2015; Meng et al. 
2017; Paudel et al. 2017; Qamer et al. 2008)

Afghanistan

Himalayan regions 1. Pamir-i-Buzurg (wakhan)
2. Imam Sahib (kunduz)
3. Khulm, Ajar (Baghlan)
4. Nursitan, band-i-amir (Bamiyan)
5. Ab-i-Estada (Ghazni)
6. Ab-i-nawar (Dasht-i-nawar)

Ramsar sites N.A.
Altitude 2000–4800 m
Total area/total number of wetlands N.A.
Bangladesh

Himalayan regions 1. Sundarbans mangrove wetlands
2. Chandabill-baghiar bill
3. Bildakatia, Atadanga Boar
4. Marijat Baor (Ganges Delta)

Ramsar sites 2
Wetlands type Mangrove wetlands, Oxbow lakes
Total wetlands/total area Number: NA

Area: 7–8 million (ha)
Bhutan

Himalayan regions 1. Torsa (Amo Chu)
2. Raidak (Wong Chu)
3. Sankosh (Mo Chu)
4. Manas (Gangri)
5. Phobjikha
6. Khalong Chu
7. Jigme Darji wildlife sanctuary

Ramsar sites 3
Total area/total number of wetlands Number: 3027

Area: 10,200 ha
Glacial lakes: 2674 (2000–4500 m) and 60 (3500 m)

China

Himalayan regions 1. Tibet autonomous region {Pumqu (Arun)
2. Poiqu (Bhote-Sun Koshi)
3. Rangxer (Tama Koshi)
4. jilongcanbu (Humla karnali)}
5. Yunnan region (Bitahai and Napahai wetland)
6. Zoige
7. Sichuan
8. Yangzte
9. Mekong
10. Salween
11. Namucuo lake
12. Yanzongyongcuo lake
13. Lhasa

Ramsar sites 57
Average altitude 4500
Total area/total number of wetlands Number: NA

Area: 53.42 × 106 ha
Glacial lakes: 824

(continued)
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Table 7.1 (continued)

India

Himalayan regions 1. Tripura
2. Meghalaya
3. Assam
4. Arunachal
5. Nagaland
6. Manipur
7. Mizoram
8. Darjeeling
9. Jalpaiguri
10. Coochbehar
11. Sikkim
12. Ladakh
13. Hokar Sar wetland

Ramsar sites 26
Total wetlands/total area Natural: 67,429 (lakes, marsh, ponds, reservoirs and 

oxbow lakes, tanks)
Area: 4.1 million (ha)

Myanmar

Himalayan regions 1. Irrawaddy-Chindwin
2. Sittaurg
3. Salween

Ramsar sites 5
Total wetlands/total area Numbers: 99 (lakes, marsh, ponds, reservoirs and paddy 

fields)
Area: N.A.

Nepal

Himalayan regions 1. Terai region (Koshi Tappu Wildlife Reserve)
2. Shey Phoksundo
3. Lake Rara
4. Lake Tilicho
5. Khumbu Himal region
6. Gokyo lake
7. Phuksundo
8. Gosaikunda lakes
9. Dhaap lake
10. Beeshazar lakes
11. Pokhara (8 lakes)

Ramsar sites 10
Total wetlands/total area Number: 242

Area: 7,43,563 ha
Glacial lakes: 2323 lakes (above 3000 m) and 90 lakes  
(4, 500 and 5645 m)

(continued)
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7.4  Value of Wetlands

The wetlands are characterized by huge biodiversity and beautiful landscapes. 
Regardless of any importance, everyone wants to know “what use it provides?” 
However, there is no difficulty in demonstrating the worth of wetlands. People 
ascribe ‘value’ to many ecosystem functions, where functions are the product of the 
relations among the biological, chemical and physical elements of the wetlands. 
Instant, primary or secondary functions are important since they provide products 
such as fiber, food, fuel, timber and fodder. The Ramsar Convention stated that these 
functions and values are “products, functions and attributes” while the Millennium 
Ecosystem Assessment (MEA) mentioned “the assistance people gain from ecosys-
tems” or simply “ecosystem services” (MEA 2005) and divided them into four cat-
egories: (a) providing services such as food and water; (b) controlling services such 
as regulations of land degradation, disease, flood and drought; (c) assisting services 
such as nutrient cycling and soil formation; and (d) social services such as spiritual, 
recreational, religious and additional non-material benefits (Table 7.4). In general, 
the value of Himalayan wetlands relies on their characteristics, location and the 
economic and socio-cultural status of the peoples nearby. Many glacial lakes at 
these high altitudes are considered to be a rich source of water along with headwa-
ters of various rivers. Moreover, wetlands, the rivers to be precise, in the Himalayan 
region are important for their hydropower potential (Agrawal et al. 2010). Most of 
the glacial lakes and accompanying marshes and additional high-altitude wetlands 
are principal habitats of many wildlife species such as migratory waterfowl and 
cold-water fish. Some of these lakes, e.g. Lake Tsomgo and Lake Guru Dongmar in 
Sikkim, are also sacred according to local communities (Gopal et al. 2008). However, 
at middle and lower altitudes, wetlands are usually valued for their provisioning 
services—forage for wildlife and domestic animals and fish for human 

Table 7.1 (continued)

Pakistan

Himalayan regions 1. Sheosar lake (4250 m) (deosai)
2. Saucher lake
3. Karumbar lake (deosai, 4150–4250 m)
4. Rupal (shaigiri)
5. Mankial lake
6. Swat, jabba (falak sher)
7. Lulusar wetland complex
8. Uttar lake
9. Handrap

Ramsar sites 19
Altitude 4200
Wetland types Inland, delta marshes, mangroves, lakes, reservoir, 

paddies
Total area/total wetlands Number: 225

Area: 189,089.4 (ha)
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consumption. It is believed that most of the local communities depend on these wet-
lands (Barik and Katiha 2003). The efficient output of swamps, marshes, and streams 
are evident that these wetlands harbor huge amount of nutrients and act as signifi-
cant systems for household waste discharged into the rivers prior to treatment.

7.5  Wetland Losses and Consequences

Globally, 1052 sites in Europe; 359 sites in Africa; 289 sites in Asia; 211 sites in 
North America; 175 sites in South America; and 79 sites in the Oceana region have 
been recognized as Ramsar sites or wetlands of International prominence (Ramsar 
Convention Secretariat 2013). Wetlands are vital to the livelihoods of almost 250 
million people residing on the valley floors and plateau areas of the Himalayas 
(Trisal and Manihar 2004). The environmental meanings and amenities of the 
Himalayan wetlands in controlling river drifts and maintaining grasslands are indis-
pensable for more than 10 countries in Asia. Furthermore, these countries have 
about 140 million people residing in high-altitude areas and 1.3 billion people 
downstream of the river basins (Xu et al. 2009).

Table 7.2 Types of wetlands in the Hindu Kush-Himalaya

Country Types of wetlands Reference

Afghanistan HAW, Lakes, Rivers and Marshes Bridge et al. (2006)
Bangladesh HAW, Lakes, Mangroves, Back-swamp 

(Haor), Oxbow (Baors), Paddy fields 
and rivers etc.

Islam and Gnauck (2008), Byomkesh 
et al. (2009)

Bhutan HAW, Alpine wetlands, Paddy terraces, 
water bodies, Alpine marshes, Bogs, 
Riverbeds, Perpetual Snow cover, 
Rivers (chu) etc.

Sherab et al. (2011)

China HAW, Alpine wetlands, Mires, Lakes, 
Paddy fields, Inland Marshes/Swamps, 
Snow Covers, Glacial lakes, Peat lands 
etc.

Zhao and He (n.d.), Meng et al. 
(2017)

India HAW, Glacial lakes, Mangroves, 
Swamps, Peat lands, Coastal lagoons 
etc.

SAC (2013), Bassi et al. (2014)

Nepal HAW, Lakes, Ponds, Marshes, Swampy 
lands, Paddy fields etc.

Jha (2009), Bhandari (2009)

Pakistan HAW, Lakes, Paddy fields, Mangroves, 
Delta marshes etc.

Qamer et al. (2008), Asad and Sana 
(2014)

Myanmar HAW, Lakes, River Basin, Marshes, 
Mangroves, Paddy fields etc.

“Ye Htut Deputy Director Nature 
and wildlife Conservation Division 
I. Water is Life: Too Much or Too 
Little, Every Drop Counts,” (2013)

HAW high altitude wetlands
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Table 7.3 Ramsar classification system for natural and artificial wetlands (Ramsar 2006)

Types Examples

Inland wetlands

Permanent inland deltas N.A.
Permanent rivers/streams/creeks waterfalls
Seasonal/intermittent/irregular rivers/streams/creeks N.A.
Permanent freshwater lakes (over 8 ha) Large oxbow lakes
Seasonal/intermittent freshwater lakes Floodplain lakes
Permanent saline/brackish/alkaline lakes N.A.
Seasonal/intermittent saline/brackish/alkaline lakes and 
flats

N.A.

Permanent saline/brackish/alkaline marshes/pools N.A.
Seasonal/intermittent saline/brackish/alkaline marshes/
pools

N.A.

Permanent freshwater marshes/pools; ponds (below 8 ha), 
marshes and swamps on inorganic soils; with emergent, 
vegetation water-logged for at least most of the growing 
season

N.A.

Seasonal/intermittent freshwater marshes/pools on 
inorganic soils

Sloughs, potholes, seasonally 
flooded, meadows, sedge marshes

Non-forested peatlands Shrub or open bogs, swamps, fens
Alpine wetlands Alpine meadows, temporary waters 

from snowmelt
Tundra wetlands Tundra pools, temporary waters 

from snowmelt
Shrub-dominated wetlands Shrub swamps, shrub-dominated 

freshwater marshes, shrub, alder 
thicket on inorganic soils

Freshwater, tree-dominated wetlands Freshwater swamp forests, 
seasonally flooded forests, wooded 
swamps on inorganic soils

Forested peatlands Peat swamp forests
Freshwater springs Oases
Geothermal wetlands
Karst and other subterranean hydrological systems Inland
Human-made wetlands

Aquaculture Fish/shrimp ponds
Ponds Farm ponds, stock ponds, small 

tanks (generally less than 8 ha)
Irrigated land Irrigation channels and rice fields
Seasonally flooded agricultural land Intensively managed or grazed wet 

meadow or pasture
Salt exploitation sites Salt pans, saline
Water storage areas Reservoirs/barrages/dams/

impoundments (generally greater 
than 8 ha)

Excavations Gravel/brick/clay pits; borrow pits, 
mining pools

Wastewater treatment areas Sewage farms, settling ponds, 
oxidation basins

Canals and drainage channels, ditches N.A.
Karst and other subterranean hydrological systems Human-made
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Human activities and climate change have resulted in degradation of many wet-
land environments in the Himalayas (Erwin 2009). As a consequence, loss of veg-
etation cover and degradation of wetlands expose the soil surface which ultimately 
increases CH4 emission into the atmosphere (Melton et al. 2013), hence influencing 
global climate. Studies over the past 50 years attributed people for changing ecosys-
tems more rapidly than in any parallel period. Summary of a recent conclusion of 
Working Group II of the Intergovernmental Panel on Climate Change forecasted 
that “if existing warming rates are continued, Himalayan glaciers possibly decay at 
very prompt rates, decreasing from the current 500,000 square kilometers to 100,000 
square kilometers by 2030s.” Shrinking of glaciers, reducing water flow in rivers, 
gradual rain failure during monsoons, hefty and unpredictable rain in shorelines and 
climate fluctuations are some examples of the climate change predicted under the 
Indian Prospective (Thomas et al. 2007). Amidst the innumerable factors cited as 
influencing the changes in wetland, land use has been categorized as the sole factor 
accounting for their degradation in the western Himalayas. In addition, serious loss 

Table 7.4 Value and services of wetlands (Millennium Ecosystem Assessment 2005)

Services Examples

Provisioning

Food Fish, wild game, fruit, and grain
Freshwater Storage and retention of water for domestic, industrial, and 

agricultural use
Fibre and fuel Production of logs, fuelwood, peat, and fodder
Biochemical Extraction of medicines and other materials from biota
Genetic materials Genes for resistance to plant pathogens, ornamental species, and 

so on
Regulating

Climate regulation Source of and sink for greenhouse gases; influence on local and 
regional temperature, precipitation, and other climatic processes

Water regulation 
(hydrological flows)

Groundwater recharge and discharge

Water purification and 
waste treatment

Retention, recovery, and removal of excess nutrients and other 
pollutants

Erosion regulation Retention of soils and sediments
Natural hazard regulation Flood control and storm protection
Pollination Habitat for pollinators
Cultural

Spiritual and inspirational 
aspects of wetlands

Source of inspiration; many religions attach spiritual and religious 
value to wetlands

Recreational Opportunities for recreational activities
Aesthetic Many people find beauty or aesthetic value in wetland ecosystems
Educational Opportunities for formal and informal education and training
Supporting

Soil formation Sediment retention and accumulation of organic matter
Nutrient cycling Storage, recycling, processing, and acquisition of nutrients
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has also been related to unplanned urban sprawl, unregulated agricultural develop-
ment and inflow of fertilizers, silt, solid waste and pesticides into the wetland.

Hokar Sar is in the Doodhganga watershed of the western Himalayas in the 
extreme northern part of Indian occupied Kashmir, where it plays a significant role 
in the overall water cycle of the basin. This wetland is also a wildlife reserve and 
was named as a Ramsar site in 2005. Current studies have suggested that this wet-
land is under serious threats regarding land cover use and climate change. Based on 
the China National Land Cover Database, from 1990 to 2010, China lost 2883 km2 
of wetlands to urbanization, of which approximately 2394 km2 were in the eastern 
regions (North China, Northeast China, South China, and Southeast China). Overall, 
four urbanization-induced wetland losses in China were recognized, including the 
Qinghai Tibetan plateau, Yangtze river delta, one of the important Himalayan 
regions of China (Mao et al. 2018). Similarly, threats to Nepal’s wetlands can be 
broadly classified as habitat degradation and destruction, loss of environmental 
integrity and reduction of species abundance and diversity.

With a population of nearly 30 million people, Nepal has a growth rate of 2.5% 
per year. About 81% of the population depends on agriculture, and consequently the 
conversion of wetlands to agricultural land, specifically to paddy fields, will con-
tinue to rise, exerting more pressure on wetlands. Various other factors such as dis-
posal of untreated industrial effluents, use of agro-chemicals for high value crops, 
construction of dams thus inundating important habitats; disturbance of nutrient 
dynamics, reduction of downstream water flow and alteration of local microcli-
mates are some the issues which need to be addressed by Nepal.

7.6  Insight into Wetlands

A group of individuals of the same species collaborating is called a population 
while organisms interacting with other living organisms belonging to different spe-
cies, is called a community. A community interacting with the non-living world is 
called an ecosystem. Generally, all ecosystems have a pattern of energy flowing 
through them. Sunlight, which is utilized mostly by plants for photosynthesis, is the 
basic source of energy for most ecosystems. However, there are certain microorgan-
isms which photosynthesize, while others acquire energy from non-solar sources by 
reacting with inorganic materials, for example the oxidation of iron.

Based on this energy flow, we can identify groups of organisms which have dis-
tinct roles. Plants, being the primary producers, fix solar energy into organic matter; 
and are autotrophic, which means they can make their own food. Herbivores are 
primary consumers; depending on plants for energy. Predators are categorized in the 
heterotrophic group as they rely on plants indirectly, feeding on herbivores or ani-
mals that consume herbivores. They are referred to as secondary and tertiary con-
sumers. They are listed in different spots in a hierarchy of feeding, occasionally 
regarded as a food web in the ecosystem. The waste products of living organisms 
and dead parts/left-overs which remain unconsumed by predators are utilized by 
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decomposers. Decomposers of the ecosystem are mostly bacteria and fungi, which 
consume all the energy-rich materials that remain. Energy remains constant—noth-
ing is wasted, nothing is lost. Energy entering the ecosystem is consumed and is 
released as heat during respiration. Chemical elements are recycled as the energy 
flows through the ecosystem.

At a glance, the carbon atoms (gaseous form CO2) that are taken up by plants are 
fixed either into carbohydrates or fats or converted into other compounds by incor-
porating elemental nitrogen (soil), or possibly modified into other forms by the 
addition of phosphorus to synthesize phospholipids. Animals in turn consume the 
biomass stored in plants and eliminate a proportion as waste. Respiration releases 
carbon back into the atmosphere as CO2 gas, whereas nitrogen and phosphorus 
along with other elements are returned to the soil through the process of decomposi-
tion. Hence, they are recycled and can be utilized again. This rotating wheel of ele-
ment motion is known as a nutrient cycle.

Many different types of wetlands exist, each of which can be regarded as an 
ecosystem, with its own pattern of energy flow and nutrient cycle. Wetlands have 
many features in common which make them different from other ecosystems. The 
most evident feature is their water, which influences the pattern of energy flow and 
storage. The foremost barrier posed by the water is the low availability of oxygen. 
Every organism, except for some fungi and bacteria, requires oxygen to respire. The 
energy trapped in the organic compound upon which they feed can only be retrieved 
if oxygen is available, as they convert sugars into CO2.

The supply of oxygen is abundant in air (~21%) while it decreases under water, as 
it dissolves. Therefore, fast flowing streams might be rich in dissolved oxygen, 
whereas in still water, oxygen relies on the course of diffusion where the molecules 
flow from high density to regions of low density. Diffusion of oxygen molecules fol-
lows from the surface layers, where water interacts with air, descending deeper, 
where oxygen is utilized by the decomposers at the bottom layer of wetlands. 
However, oxygen diffuses about 10,000 times more slowly in water as in air, thus 
oxygen consumed by the respiration of organisms in still water is replaced very 
slowly. The slow diffusion of dissolved oxygen results in the incomplete decomposi-
tion of dead organic matter. Generally, all residual matter of the ecosystem that enters 
the soil is ultimately decomposed and is lost, but in the case of wetlands, the slow 
decomposition may create an imbalance in the flow of energy, hence developing a 
layer of energy-rich organic matter deposited in the sediments of the ecosystem.

Due to this imbalance, wetlands appear as a “sink” for atmospheric carbon and 
as an aid in the assimilation of carbon released by the combustion of fossils fuels. 
Considering that wetlands form through the process of succession, the energy pool 
within the sediments increases, and this is the foundation of the growing mass of 
peat in bogs. It is important to mention that most of the energy does not recycle, but 
often follows a complicated route through an ecosystem, which ecologists have 
termed food webs instead of food chains. It must also be noted that energy is reduced 
as it travels through the ecosystem, as some of the energy is absorbed, hence only 
10% of the energy (in aquatic environment) present at one feeding level (known as 
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trophic level) is passed to the next level. The remainder is handled by detritivores 
and decomposers.

Decomposition occurs mostly in the surface layers of peat and sediments, where 
oxygen diffuses easily. The upper, loosely compacted layer of the peat deposit, 
where movement of water and decomposition occur rapidly, is termed as acrotelm, 
while the deeper layer, where decomposition and movement of water is compara-
tively slow, is termed as catotelm. Poor oxygen diffusion under water and waterlog-
ging are, apparently, the key factors in regulating the rate of decomposition; 
however, some materials are less palatable to fungi and bacteria then other materi-
als. In summary, the atmosphere is common to all terrestrial ecosystems, thus offer-
ing a medium through which elements can shift from one ecosystem to another.

Looking at elemental shifts, carbon is one element that is obtained from the 
atmosphere by plants for building biomass. Importantly, it is said to be the critical 
element for all living organisms, as almost all energy transfer and storage encom-
pass compounds built utilizing carbon atoms. Wetlands and carbon are discussed in 
synchrony, as wetlands act as “sinks” for atmospheric carbon. Moreover, it also 
enters the ecosystem in a dissolved form in rainfall and rivers or streams. This dis-
solved CO2 is made available for photosynthesis by phytoplankton and submerged 
aquatic plants. Other means of carbon entry into the wetlands is via hydrogen car-
bonate ions, HCO3

−. This may have originated from carbonic acid, by the chemical 
reaction of CO2 with water, or from lime (calcium carbonate) dissolving in water. 
Aquatic plants of the wetlands can once more utilize this hydrogen carbonate ion for 
photosynthesis. Most of the carbon fixed by photosynthesis is lost in respiration, 
while some is deposited in the sediments that accumulate, particularly in the peat 
deposits of the temperate bogs.

Current dilemma concerns the entry of carbon into the atmosphere in that about 
5.5 billion tons of carbon enters the atmosphere every year due to human combus-
tion, of which over half remains in the atmosphere, increasing every year and caus-
ing climate change. Eventually, some is recruited by forests and some is dissolved 
in oceans. There is a “missing sink” for carbon that has yet to be identified. The 
absorption of carbon by peat land is probably a portion of this sink for atmospheric 
carbon. Peat deposits grow slowly, so the total carbon taken up is limited, yet every 
carbon sink is the key in precluding the buildup of CO2 in the atmosphere.

7.7  Carbon Sink and Gaseous Emissions

Predominant biogeochemical processes aid wetlands to be one of the most impor-
tant carbon reservoirs, accumulating approximately 20–30% of the global carbon 
pool. Carbon deposits in the wetland sediments are very sensitive to environmental 
changes such as in temperature, flood, microbial activity and nutrient regime. The 
wetlands provide a major source of carbon. Especially greenhouse gasses (GHG) 
such as CH4, CO2 and nitrous oxide (N2O) (Mitra et al. 2005).
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From 1750 to 2011, the amount of CO2 increased from 278 to 390.5 ppm, N2O 
from 271 to 324.2 ppb and CH4 from 722 to 1803 ppb (IPCC 2013). “Wetlands 
contain 12% of the global carbon reservoir with a carbon density of 723  t  ha−1 
(Mitra et al. 2005), storing nearly 2500 Pg 1 Pg = 1015 g) of the earth’s carbon pool” 
(Mitsch et  al. 2013). The main carbon pool of wetlands includes: (a) particulate 
organic carbon; (b) plant biomass carbon; (c) dissolved organic carbon; (d) gaseous 
end products such as CO2 and CH4; and (e) microbial biomass carbon. Plant rem-
nants are the major organic matter in the wetlands, comprising 45–50% of carbon 
(Kayranli et al. 2010), where it goes through a series of complex aerobic and anaer-
obic processes. The main aerobic processes entail respiration while the main anaer-
obic processes undergo fermentation, methanogenesis and sulfate, iron and nitrate 
reduction.

The wetlands function as a carbon sink, but they also contribute substantial GHG 
emissions (Mander et  al. 2014). Among all GHGs, CH4 is considered the most 
prominent and potent gas in terms of global warming. Methane is the product of 
methanogenesis in anoxic environments and low redox potential of ≤150 mv by 
transmethylation or decarboxylation of acetic acid and by the reduction of CO2 
(Segers 1998; Singh et al. 2000), whereas, N2O is the net result of: (a) nitrate or 
nitrite-reducing processes of denitrification; (b) nitrate ammonification; (c) ammo-
nia oxidation; and (d) nitrifier denitrification (Baggs 2011). The escalation of the 
GHGs is possibly the main cause of the rise in ocean and land surface 
temperatures.

Being one of the most significant GHGs exchanged amidst terrestrial ecosystems 
and the atmosphere, CH4 as compared to CO2 has 28 times more global warming 
potential on a 100-year time horizon (IPCC 2013). Therefore, any change in atmo-
spheric CH4 concentration can contribute to significant climate impacts because of 
strong greenhouse effects (Bridgham et al. 2013). Currently, worldwide atmospheric 
CH4 concentration is about 1810 parts per billion (ppb), a rise of over 1000 ppb 
since pre-industrial level (Myhre et al. 2013). Hence, increases in atmospheric con-
centration of CH4 have prompted significant interest in calculating CH4 emission 
from various sources.

Studies have revealed that CH4 fluctuations are associated to biological (plant 
life cycle related with microbes) and physical (wind, temperature and water table) 
variables at various temporal and spatial scales (Song et al. 2015). However, there 
remain large uncertainties while estimating future and current CH4 emission from 
wetlands for many reasons. Until now, many studies on CH4 fluxes have focused 
largely on high-latitude wetlands, since these wetlands store vast amounts of carbon 
in waterlogged sediments.

The HKH contain most of the high-altitude wetlands, and there is a paucity of 
research on these wetlands, especially in remote areas. Most of the studies on 
Himalayan wetlands were carried out by Chinese and Nepalese researchers. Hirota 
et al. (2004) measured CH4 emission from the Luanhaizi alpine wetlands in four 
vegetation zones on the Qinghai-Tibetan Plateau: three emergent plant zones, 
including Hippuris-dominated, Scirpus-dominated and Carex-dominated zones and 
one submerged zone, Potamogeton-dominated. The study revealed that the lowest 
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CH4 flux (seasonal mean was 33.1  mg  CH4  m−2  day−1) was observed in the 
Potamogeton-dominated zone while the highest CH4 flux (seasonal mean was 
214 mg CH4 m−2 day−1) was in the Hippuris-dominated zone (Hirota et al. 2004). 
Similarly, CH4 fluxes were also calculated in regions such as Maduo (Qinghai), 
Hongyuan (Sichuan) and Zoige (Qinghai) (Table 7.5).

Changes in CH4 emission were mostly due to variation in vegetation, seasons and 
type of wetlands. A recent study compared Beeshazar and Dhaap, two wetlands 
located in the southern slopes of Himalayan Nepal, for day-time based CH4 emis-
sion (Zhu et  al. 2015). The authors correlated plant community height, standing 
water depth and soil temperature to CH4 emission from these wetlands. They sug-
gested that their findings could be valuable in filling the gap and in generating the 
emission pattern of CH4 at regional and global scales. Sundarbans mangroves are 
the largest biosphere reserves in the world, which stretches over 1000 km2 covering 
West Bengal, India and Bangladesh. During the summer season, the mean concen-
tration of CH4 was 1682 ppb while the daily CH4 flux was 150 mg m−2 day−1. Many 
studies have suggested that the global warming status of Himalayan wetlands and 
the specific quantification of CH4 from these regions are not fully understood and 
need more research data.

7.8  Conclusion and Recommendations

The HKH region is home to various types of wetlands and the services they provide 
are essential for people as well as the environment. They also act as reservoirs for 
carbon in their biomass, peat, sediment and litter. They pose a serious threat to the 
environment by emitting GHGs, especially CH4. Wetland loss due to commercial 
development, extraction of minerals and peat, intensive agriculture, drainage 
schemes, pollution, construction of dams, over-fishing and tourism are causing seri-
ous damage to the wetland ecosystem. These threats have affected the overall bio-
geochemical cycle and biodiversity and have caused rising floods and droughts, 
nutrient runoff, water pollution and mounting global warming.

To maintain the wetlands, several organizations are focusing to conserve and 
manage these water bodies and relieve the environmental pressure. In this regard, 
the WWF (World Wildlife Fund) has initiated projects such as the conservation of 
high-altitude wetlands. The project has produced socio-economic, technical, scien-
tific and biodiversity related information which is being utilized to protect and con-
serve these unique places in the interest of local communities and biodiversity. The 
organization is also working with Ramsar for collecting scientific information 
essential for wetland management. ICIMOD (International Center for Integrated 
Mountain Development) aims to assist sustainable and resilient mountain develop-
ment for better livelihoods via knowledge and regional cooperation. However, most 
of the structural policies have led to the implementation of countrywide plans that 
were not particularly designed for mountain people.
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Consequently, the HKH mountain region lags behind in conservation-linked 
management. Conservation is just not placing fences around areas and keeping peo-
ple and livestock out. The local people must get involved with organizations and 
management to conserve biodiversity. Such conservation and management must be 
based on a combination of literature surveys, workshops, field research and incen-
tive mechanisms to know how these wetlands function and to meet the challenges 
of climate change, mainly in relation to adaptation, biodiversity conservation and 
restoration of wetlands as carbon reservoirs in the HKH.
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Chapter 8
Milk and Dung Production by Yaks 
(Poephagus grunniens): Important 
Products for the Livelihood of the Herders 
and for Carbon Recycling on the Qinghai- 
Tibetan Plateau

A. Allan Degen, Shaher El-Meccawi, and Michael Kam

Abstract The Qinghai-Plateau, characterized by an extremely harsh environment, 
namely, severe cold, low air oxygen content and strong ultraviolet radiation, 
accounts for one-third of the total grasslands in China. Yaks (Poephagus grunniens) 
have adapted well, both physiologically and anatomically, to the high altitude and 
extreme cold. They are vital for the livelihoods of the herders, providing milk and 
meat for consumption, dung for fuel, fertilizer and building material and fiber for 
clothing, tent material and rope. It is estimated that, on an annual basis, each lactat-
ing female yak produces an average of 288 kg milk, 19 kg butter, 17 kg hard dried 
curds (qula) and 84 kg yoghurt and each yak produces an average of 786 kg of dung 
organic dry matter. This paper discusses the importance of milk and dung produc-
tion by yaks for the livelihood of the herders and the role of these products in carbon 
recycling.
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8.1  Introduction

The Qinghai-Tibetan Plateau, which extends over 1.29 × 108 ha, is the highest and 
largest plateau in the world, accounting for one-third of the total grasslands in China 
(Wiener et al. 2003). The plateau occupies more than a third of the Hindu-Kush 
Himalayan (HKH) region and one eighth of the entire area of China and has an aver-
age altitude greater than 4000 m above sea level (Tashi and Partap 2000). The area 
is characterized by an extremely harsh environment, namely, severe cold, low air 
oxygen content and strong ultraviolet radiation (Wiener et al. 2003). These factors, 
in particular long-term exposure to ultraviolet light, can be sources of oxidative 
stress for Tibetans inhabiting the plateau (Zheng and Huang 2008).

8.2  Carbon Recycling

Rangelands produce a large proportion of total land carbon and sequester large 
quantities of carbon above and below ground. The immense rangelands on the 
Tibetan plateau account for 2.4% of the world’s soil carbon storage (Wang et al. 
2014) and, consequently, “could have widespread effects on regional climate and 
global carbon cycles”. In fact, “alpine meadow and alpine steppe range, found 
primarily on the Tibetan plateau, comprise 40 percent of all carbon stored on 
China’s rangelands, indicating that these ecosystems have a significant and long-
lived effect on global carbon cycles” (Miller 2003). This can be explained, at least 
in part, by the low air temperatures on the plateau, which slow down organic 
decomposition rates and increase the mean retention time of the carbon. The bio-
mass carbon stock of the Qinghai-Tibetan Plateau’s grasslands has been increas-
ing over the past 20 years, suggesting that alpine grasslands are storing carbon 
(Gao et al. 2012).

From the pre-industrial period to 2010, the atmospheric concentration of CO2 
has increased by 39%, from 280 to 390 ppm. This enrichment in atmospheric CO2 
concentration, along with other greenhouse gases, including methane (CH4) and 
nitrous oxide (N2O), “may accentuate radiative forcing and alter the Earth’s mean 
temperature and precipitation” (Lal undated). To minimize the risks of global warm-
ing, it was recommended at the 2009 Copenhagen Accord that atmospheric CO2 
concentrations should be contained below 441 ppm by 2100 (Ramanathan and Xu 
2010) and that this should be accomplished “by reducing CO2, CH4 and N2O emis-
sions and by offsetting emissions through sequestration of carbon in soils and other 
terrestrial and inland aquatic ecosystems” (Lal undated).

The 390 ppm of atmospheric CO2 has a total mass of 3030 or 825 Pg of carbon. 
Anthropogenic emissions through activities such as animal husbandry and burning 
of biomass total 9.9 Pg carbon per year, of which 4.2 Pg is absorbed by the atmo-
sphere. Consequently, human and livestock activities are important components of 
CO2 emission in the carbon cycle (IPCC 2007; WMO 2010).
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Livestock are an important source of income in the HKH, more so with increas-
ing elevation. Most farmers practice a mixed crop-livestock farming system 
(Tulachan 2000); but even in the “lower valleys where cropping and forestry are 
possible, livestock is still the main activity and major means of sustaining liveli-
hoods and food security. This means that nearly half of the population of Tibet is 
deriving some livelihood from farm animals and that nearly 30% depend almost 
entirely on livestock. Animal products from rangeland areas meet more than 50% of 
the people’s food and agricultural needs” (Tashi and Partap 2000). The main live-
stock raised on the Qinghai-Tibetan Plateau are yaks (Poephagus grunniens) and 
Tibetan sheep (Ovis aries). This chapter will focus on the yak and its production of 
milk and dung.

8.3  Sedentarization and Land Enclosure

In raising their livestock, Tibetans practiced a nomadic lifestyle in which grazing 
lands were communally controlled. Mobility was a key feature in their livestock 
production system, in which winter and summer grazing lands were designated. 
However, since the 1980s, there have been substantial and rapid changes in pastoral-
ism, in lifestyle and in livelihood of the Tibetans on the Qinghai-Tibetan Plateau 
(Levine 2015). In fact, two recent journals (Himalaya, volume 30, issue 1, 2011, and 
Nomadic Peoples, volume 16, issue 1, 2015) devoted special issues to the dramatic 
changes that have been taking place.

In essence, the policy of the Chinese government has been to settle the nomadic 
Tibetans. Bauer (2015) commented on the changes as: “among other rationale, 
resettlement is of symbolic value to the state, as authorities see it as a measure of 
Tibetans’ integration into Chinese society and of ‘modern’ development. Underlying 
these policies is the assumption that nomads are ‘backward’ and practice ‘ineffi-
cient’ methods of land and livestock management that are associated with poverty 
and environmental degradation (Goldstein et  al. 1990; Williams 1997). Nyima 
(2011) added that “the new programs were to ‘modernize’ farmers, and ‘stabilize’ 
backward villages in order to raise family incomes. The underlying assumption is 
that local villagers are of ‘low quality’ (suzhidi) and have a ‘backward mentality’ 
(sixiang luohou), which have been singled out as the principal causes for the afore-
mentioned problems. In accordance with this discursive representation, the govern-
ment thus launched the ‘three rurals’ (sannong) program to end the ‘chronic 
problems of poverty’ facing rural villagers.”

The primary goal of the government was to use the grazing land more inten-
sively, by the herders: (1) possessing a durable house for living at winter sites; (2) 
growing fodder crops for hay in fenced-in plots; and (3) providing animal shelters 
due to the severe winters (Levine 2015). Communal grazing lands were privatized 
by the Chinese government and these lands were distributed among the members at 
the household level. The households were provided with long-term contracts and 
the acquired land was enclosed by the household, often with barbed wire, which 
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prevented mobility as was practiced in the past (Bauer and Nyima 2011). In addi-
tion, under the Eco-Migration Policy initiated in 2003, large tracts of grasslands 
were lost to grazing.

The government was concerned with environmental damage and argued that due 
to widespread rangeland degradation as a result of high livestock stocking rates, 
grazing must cease or be reduced substantially in large tracts of land to allow the 
rangelands to recover. Consequently, national natural preservation zones were cre-
ated in the Three River Headwaters Region, designated as the National Sanjianyuan 
Nature Reserve Project. Pastoralists in these areas were relocated to ecological 
migrant villages as either: (1) entire village migration, in areas where there would be 
zero grazing; and (2) partial migration, where a portion of the pastoralists were relo-
cated to reduce grazing pressure. These relocated households were obligated to sell 
their livestock (Bessho 2015); however, they managed to retain some animals. 
Ptackova (2015) reported that “inhabitants of the settlement have retained more live-
stock than has been reported. Although many people reduced the size of their herds 
significantly after moving into the settlement, many animals were also redistributed 
to other family members. Nevertheless, local herds are comparatively small and 
therefore, in the majority of cases, animal husbandry cannot serve as the main or 
only source of income anymore.” Levine (2015) added that “over the last decade, 
under government sponsorship, large numbers of households have abandoned ani-
mal herding and moved to modern houses in newly-built towns and settlement areas.”

Interestingly, although the total number of livestock has been reduced substan-
tially on the plateau through these changes, the population of yaks remained rela-
tively constant. Tibetans were reluctant to sell or slaughter yaks, due in part to 
cultural reasons, and managed to conceal them from the authorities. The number of 
Tibetan sheep, however, has been reduced drastically to the point where Sulek 
(2011) commented on the “disappearing sheep” phenomenon. This author pointed 
out that the reduction in sheep numbers was concomitant with the emergence of 
new, non-pastoral sources of income, in particular, income from gathering the cat-
erpillar fungus (Ophiocordyceps sinensis). The caterpillar fungus trade has become 
very profitable in recent years, with a massive demand from China’s eastern prov-
inces, and income could be realized not only from the harvesting of the fungus but 
also from the sale and the leasing of land to others for that purpose (Cencetti 2011). 
Many Tibetans abandoned agriculture and employment in agriculture dropped from 
76% of the population in 1999 to 56% in 2008 (Fischer 2011). In general, the non- 
educated Tibetans continued practicing pastoralism while the educated Tibetans 
accessed different sources of income (Iselin 2011).

8.4  The Yak

The yak (Poephagus grunniens) belongs to the family Bovidae, together with bison 
(Bison), buffalo (Bubalus) and cattle (Bos), and is the only species of its genus. 
Initially, the yak was named Bos grunniens due to its relationship to cattle, but was 
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then placed into its own genus, Poephagus, because of its distinctness from other 
bovines (Zhao 2000a). However, there is still some confusion concerning its nomen-
clature and many authors still refer to the yak as Bos grunniens (Zi 2003), while 
some simply use both genus names interchangeably (Han et al. 2002).

Yaks originated in high mountainous regions bordering the Himalayas. They 
were first domesticated, most likely, in the Stone Age by the ancient Qiang people 
on the Qinghai-Tibetan Plateau about 10,000  years ago; archaeological proof of 
domestication dates back approximately 5000  years (Cai 1996; Luo et  al. 1997; 
Wiener et al. 2003). Today, yaks are found in the mountainous highlands of central 
Asia at 2500–6000 m above sea level, between 70° and 115° of east longitude and 
between 27° and 55° of north latitude. Wild yaks still exist in remote areas of the 
Tibetan plateau and adjacent highlands and a few exist in the Chang Chenmo Valley 
of Ladakh in Eastern Kashmir, India; however, in 2002, there were likely fewer than 
10,000 in total (IUCN 2002). It is estimated that there are about 14.7 million domes-
ticated yaks spread across areas of China, Nepal, Bhutan, Mongolia, Southern 
Russia, Tajikistan, Kyrgyzstan, Myanmar, Pakistan and Afghanistan, with about 
95% (14 million) of these in China alone (Lu et al. 2004).

Yaks are vital for the livelihoods of the herders, providing them with milk and 
meat for consumption, dung for fuel, fertilizer and building material and fiber for 
clothing, tent material and rope (Wiener et al. 2003). This ruminant is also used for 
transportation, as a pack animal and for draught power. In addition, at least in Nepal, 
yak blood is drunk by some people as it is believed to possess medicinal properties 
(Vinding 1999; Degen et al. 2007).

The importance of the yak has been emphasized by a number of researchers. 
Miller (2000) stated that “although Tibetan Nomads also raise other animals, they 
place so much value on the yak that the Tibetan word for yaks, nor, is also translated 
as wealth. The yak makes life possible for man in one of the world’s harshest envi-
ronments. There is little doubt that the presence of wild yaks, and their later domes-
tication, was the single most important factor in the adaptation of civilization on the 
Tibetan Plateau”. Dong et al. (2003) added that “without yaks, it is doubtful whether 
man could survive on the harsh, high-altitude grazing lands of the Plateau (Qinghai- 
Tibetan Plateau of China)”. In fact, many Tibetans relied solely on livestock, mainly 
yaks, for their means of subsistence (Gyal 2015) and held yaks in very high esteem 
(Figs. 8.1 and 8.2).

Indigenous to the plateau, the yak has adapted excellently, both physiologically 
and anatomically, to the high altitude and extreme cold. High altitude does not affect 
energy requirements while low air temperatures actually cause a decrease in energy 
requirements of yaks (Han et  al. 2002). The ability of the yak to survive under 
extremely low air temperatures is aided by its thick hide, subcutaneous fat and thick 
long hair. Furthermore, because of its relatively large heart and lungs and high 
erythrocyte count, the yak can tolerate the low oxygen levels at high altitudes.

Nonetheless, in spite of its adaptation, losses can be very high due to inclement 
weather. For example, the winter of 1997–1998 was extremely severe in the Tibetan 
Autonomous Region when an estimated three million head of livestock perished. 
Unusually early and heavy snowfall was followed by extremely low air tempera-
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Fig. 8.1 Statue of golden yaks in Llasa (Photograph by A. Allan Degen)

Fig. 8.2 Skull of a yak in entrance of Tibetan house (Photograph by A. Allan Degen)

A. A. Degen et al.
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tures which prevented the snow from melting. Livestock were unable to reach the 
forage under the snow and, consequently, many perished. Sheep and goats suffered 
most but mature yaks were also severely affected. In some townships, 70% of the 
livestock was lost. Nearly 25% of the million nomads was affected and hundreds of 
nomad families lost all their livestock (Miller 2000).

Average body mass of male yaks in China is 357 kg and of females is 223 kg. 
Body length, heart girth, and wither height of males are 144, 197 and 124  cm, 
respectively, while for females these values are 125, 161 and 108 cm, respectively 
(Wiener et al. 2003). Yaks raised in Nepal are considerably smaller; the body mass 
of the male and female yaks barely falls within the range of yaks in China, but body 
length, heart girth and wither height are all below the range (Joshi 2003) (Table 8.1). 
There are 12 recognized yak breeds in China, while in Nepal yaks are not separated 
into breeds. Much more selection has been done for certain traits in yaks in China, 
which has also resulted in the development of some larger breeds.

A low reproductive rate is the primary limiting factor in yak production, as only 
40–60% of mature females reproduce annually (Zi 2003). Yaks are seasonal breed-
ers with mating and conceptions taking place in the relatively warmer months of the 
year from mid-July to early November, which coincide with the period of peak for-
age growth. Females are usually mated for the first time at 3–4 years of age, produce 
four to five calves in a lifetime and calve once every alternate year. Gestation is 
approximately 258 days (Yu et al. 1993; Zhao 2000b; Zhang 2000).

The number of chromosomes of both yaks and cattle is 60 and cross-breeding 
between the two is common. Yak bulls crossed with cows (Bos indicus or Bos tau-
rus) or bulls crossed with female yaks produce sterile males and fertile females. The 
sterile males are relatively gentle and are used as pack animals, while female crosses 
produce considerably more milk than female yaks (Sherchand and Karki 1997; 
Devkota 2002; Kharel et al. 2005).

Table 8.1 Body mass, length and height of adult male and female yaks in China and Nepal

Measurement China Nepal
Males Females Males Females

Body mass (kg) 357 (235–594) 223 (188–314) 245 215
Body length (cm) 144 (123–173) 125 (114–140) 110 105
Heart girth (cm) 197 (176–236) 161(152–182) 140 130
Wither height (cm) 124 (114–138) 108 (103–117) 105 102

Note: For China—Wiener et  al. (2003): values are mean of ten locations and nine breeds and 
ranges are in brackets; for Nepal—Joshi (2003)
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8.5  Yaks, Their Management and Carbon Recycling 
on the Qinghai-Tibetan Plateau

As a consequence of the cold conditions on the Qinghai-Tibetan plateau, the grow-
ing season for vegetation is very short, only 100–150  days during summer and 
autumn. Emergence of grasses starts in May, with peak biomass in August–
September. During winter and spring, that is from October to May, vegetation with-
ers and the available forage is often insufficient to sustain the livestock. Nonetheless, 
yaks subsist almost entirely on grazing rangelands throughout the year (Fig. 8.3). As 
a result, yaks generally increase their body mass in summer and autumn and 
decrease their body mass during winter and spring. The decrease in body mass can 
be about 25% and mortality can be 30% in extremely cold years.

Customarily, it is the man who makes family decisions and is in charge of yak 
husbandry, while women are responsible for most of the labor needed for yak pro-
duction, including milking and processing of the milk (Fig. 8.4), collecting, drying 
and storing dung (Fig. 8.5) and drying leather (Li and Yang 2005; Shang et al. 2016). 
Yaks are grazed rotationally on natural pasture often without receiving any supple-
mental feed except at harsh times in winter, when they are supplemented with har-
vested, cultivated herbage because of severe feed deficiency. As a strategy to deal 
with a deficiency in energy intake in winter, pastoralists also harvest forage, mainly 
Kobresia tibetica, in September and October in the wetlands, which are protected 
from being grazed. Other herbages, comprising mainly Avena nuda, Avena sativa, 
and Pisum sativum, are also cultivated by pastoralists. In general, only old and weak 
yaks are provided with supplementary feed.

In alpine grassland ecosystems, carbon is fixed from the atmosphere through 
photosynthesis and accumulates in the grassland vegetation and soils. While part of 
the carbon eventually returns to the atmosphere via geochemical cycles, the cold, 

Fig. 8.3 Yaks grazing on the Qinghai-Tibetan Plateau (Photograph by A. Allan Degen)

A. A. Degen et al.



153

low oxygen environment reduces its ability to decompose. With the consumption of 
plant carbon by livestock, carbon accumulates at a higher trophic level. Animal 
carbon can re-enter the carbon cycle via two pathways. The first is through the 
decomposition of the body directly into the carbon cycle. The second is through its 
products such as milk, dung, meat and leather. By consumption of livestock  products 

Fig. 8.4 Woman milking a yak on the Qinghai-Tibetan Plateau (Photograph by A. Allan Degen)

Fig. 8.5 Woman stacking dry yak dung on the Qinghai-Tibetan Plateau (Photograph by A. Allan 
Degen)
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and sale of products outside the grassland ecosystem, and by the use of dung, live-
stock products become part of the carbon output in the carbon cycle. Dung is an 
important source of energy in the cold alpine areas that not only reduces fossil fuel 
imports into the grassland ecosystem and the use of firewood, but also accelerates 
the decomposition of livestock carbon into the atmosphere or ash into the soil.

From the 1970s, yields of animal products increased throughout the alpine 
region. The increase in milk products, and hence carbon, was a result of increased 
livestock. The increased livestock numbers consumed more grass and, therefore, 
more carbon, which reduced the grassland’s regenerative capacity and, inevitably, 
resulted in grassland degradation. In essence, heavy grazing reduced the net ecosys-
tem exchange (NEE), that is, the net effect of carbon fixation by plants, heterotro-
phic and autotrophic respiration and soil carbon sequestration, resulting in reduced 
plant biomass (Zhu et al. 2015). Consequently, nutrition levels for livestock have 
declined. Zhu et  al. (2015) concluded that “reducing stocking rates on heavily 
grazed grasslands of Northern China to moderate grazing levels would enhance 
NEE, and benefit biomass and animal production.”

8.6  Milk and Milk Products

The milk and milk products from yaks, namely, butter, yoghurt and qula (hard, dried 
curds), are the main food items consumed by the Tibetans and, consequently, pro-
vide them with most of their vitamins and nutritional needs. In the past, they did not 
eat fruits and vegetables for 8 months of the year and, at times, for the whole year, 
but, despite this, there was no apparent sign of vitamin and mineral deficiencies 
(Goldstein and Beall 1987; Beall and Goldstein 1993). This is so, at least in part, as 
yak milk and its derived products “seem to be particularly rich in functional and 
bioactive components, which may play a role in maintaining the health status of 
Tibetan nomads. This includes particular profiles of amino acids and fatty acids, and 
high levels of antioxidant vitamins, specific enzymes, and bacteria with probiotic 
activity (yoghurt is the main food). Based on that, it is proposed that the Tibetan 
nomads have developed a nutritional mechanism adapted to cope with the specific 
challenges posed by the environment of the world’s highest plateau” (Guo et  al. 
2014).

Three milking regimes exist in different localities: once-daily in the mountain 
areas of the northern plateau, twice-daily on the grasslands of the central plateau 
and thrice-daily along the valleys of the eastern plateau (Dong et  al. 2003). For 
milking, the female yak is secured tightly with her back legs hobbled and her calf is 
secured nearby with access to the yak. The calf sucks to start milk letdown, then is 
removed from the udder and the women milks the animal (Fig. 8.4).

Fresh milk is processed immediately into a variety of indigenous products capa-
ble of being stored for long periods. Most milk products are consumed locally, 
although some are sold outside the ecosystem. Traditionally, fresh yak milk is not 
consumed but is used for milk tea. Milk tea is a popular drink with Tibetans and, 
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besides fresh milk, also usually contains salt and yak butter. The rest of the milk is 
used to produce butter, yoghurt and qula (dried cheese). To produce butter, some 
yoghurt is added to the milk, which is then covered with a cloth and allowed to fer-
ment for a day. The milk is then boiled and after cooling to about 40 °C is poured 
into a wooden churn. By rotating a stick with a paddle in the center of the churn, the 
fat, after it solidifies, rises to the top. This butter is scooped out by hand and placed 
in cold water. After the butter is removed from the churned milk, skimmed milk or 
“milk residue”, as it is known locally, remains. This can be drunk or made into qula. 
To make qula, the skimmed milk is heated to 50 °C and then sour milk is added to 
make the milk curdle. This milk is poured into a gauze bag to allow the whey to drip 
out. The remaining curds are dried and can be stored for long periods. The whey is 
usually discarded, but can be fed to pigs. Yoghurt is made by boiling skimmed milk 
and when it has cooled to about 50 °C, sour milk is added and mixed till the tem-
perature declines to about 40 °C and then placed in a bucket. The bucket is kept 
warm with a blanket for 5 or 6 h in summer and somewhat longer in winter after 
which time the yoghurt is ready.

Modifications to these processes are possible and are dependent on the amount 
of yak milk available. For example, fresh milk can be replaced by skimmed milk in 
milk tea or can be omitted when yak butter is included. Also, yoghurt can be made 
from fresh milk instead of skimmed milk. Another use of milk and milk products are 
in the preparation of tsampa, a stable high-energy component of the Tibetan diet. It 
is usually prepared by hand-kneading flour of roasted highland barley or oats or 
both with butter tea, dried yak cheese, yak butter and sometimes sugar into a dough- 
like texture. Butter is also used for many purposes other than food, often for reli-
gious reasons. Monks fashion sculptures, some as high as two to three stories, out 
of yak butter mixed with different coloring for religious ceremonies and New Year 
celebrations. It is used by lamas in sacred lamps and as a fuel in domestic lamps. 
Women use butter on their skin and hair and, in addition, butter can be used for tan-
ning and for polishing fur coats and as a component of some Tibetan medicines 
(Wiener et al. 2003). Yak butter is sold in large chunks, often outside monasteries 
(Fig. 8.6).

We used data from a number of yak breeds in 14 studies to calculate their average 
milk yield and estimate their milk products production (Table 8.2). Daily milk yield 
during lactation in these studies ranged between 800 and 3000  g and averaged 
1723 ± 810 g, while annual milk production ranged between 148 and 464 kg and 
averaged 288 ± 115 kg per yak over an average lactation period of 149 ± 49 days. 
Fat content of the milk ranged between 5.4 and 7.5% and averaged 6.3 ± 0.56%. Yak 
herders typically use about 10% of the fresh milk, mainly for tea (Cui, personal 
communication). While in lactation, 172 (1722  x  0.01) g/day of milk would be 
removed for that purpose, leaving 1551 (1723–172) g/day for butter, qula and 
yoghurt. With a fat content of 6.3% and assuming that butter contains 15% water 
(Dong et al. 2003; Wiener et al. 2003), then the amount of butter produced would be 
115 [(1551 × 0.063)/0.85] g/day. After the butter is removed from the milk, 1436 
(1551 − 115) g/day of skimmed milk remains which can be drunk, added to tea or 
can be used for qula and yoghurt. Let us assume that it is used for qula and yoghurt. 
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Total solids content of yak milk without fat (mainly protein, lactose and ash) is 
about 11% (Dong et al. 2003) and, therefore, 158 g (1436 g × 0.11) g/day remain in 
the skimmed milk. The amount of qula is typically 7.2% of the skimmed milk; 
therefore, about 103 (1436 × 0.072) g/day, which would require 936 (103/0.11) g/
day of skimmed milk. This would be the case if the qula is completely dry and all 
the whey is removed. However, qula can contain up to 40% water (whey), so can 
weigh up to 172 (103/0.06) g/day, which includes 69 g/day of whey. Therefore 500 
(1436–936) g/day is left for yoghurt if the qula is completely dry or 431 
(1436 − (936 + 69)) g/day if there is 40% whey (Table 8.2).

Milk is vital for Tibetans as it is for many pastoralist societies (Degen 2007; 
Sadler et al. 2012). Yaks produce particularly nutritious milk (Nikkhah 2011). The 
antioxidant capacity, vitamin A and vitamin C in yak milk are significantly higher 
than in commercial cow milk (Cui et al. 2016). Among fatty acids, particular atten-
tion has been paid to n-3 PUFA as they are reputed to prevent and treat cancer, coro-
nary artery disease, hypertension, diabetes, and inflammatory and autoimmune 
disorders (Simopoulos 1991, 1999). The proportion of PUFA in yak milk is signifi-
cantly higher than in commercial cow milk. Also, the α-linolenic acid of yak milk is 
higher than in commercial cow milk; conjugated linoleic acids are reputed to pos-
sess anti-carcinogenic, anti-atherogenic, anti-inflammatory and anti-lipogenic prop-
erties (Wahle and Heys 2002; Nikkhah 2011). The fatty acid γ-linolenic acid 
(c6c9c12 18:3), reputed to improve eyesight as well as prevent cancer, cardiovascu-
lar diseases and hypertension (Wright et al. 1998) was detected in yak milk, but not 

Fig. 8.6 Yak butter being sold near the Jokhang Temple Monastery in Llasa (Photograph by 
A. Allan Degen)

A. A. Degen et al.
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in commercial cow milk (Ding et al. 2013). The atherogenic index (AI) is signifi-
cantly lower in yak than in commercial cow milk and yak milk contains signifi-
cantly higher non-atherogenic fatty acids (NAFA: C4 to C10, and C18:0).

8.7  Dung Production

To estimate dung production by yaks, we used available data on their dry matter 
intake while free-grazing. Wang et al. (2011) reported that dry matter intake of graz-
ing yaks on the Qinghai-Tibetan Plateau varied greatly among seasons, ranging 
between 1.9 and 8.5 kg per day or an average of 5.2 kg per day per yak. If we 
assume that dry matter digestibility of the forage averages 0.55 (Tufarelli et  al. 
2010) and ash content of the feces averages 0.08, then each yak would produce 2.15 
[(5.2 × 0.45) × 0.92] kg dung, in organic dry matter, per day or 786 (2.15 × 365) kg 
per year.

Worldwide, approximately 2.7 billion people rely on biomass (animal dung, 
wood, charcoal, and agricultural residues) for cooking and heating. Dung-fuel 
reduces the number of native shrubs that are harvested and lowers the importation 
of fossil fuels. Yu (2010) reported that in the alpine region of China, at elevations 
from 2500 to 4700 m, households burn from 590 to 9200 kg of dung-fuel per person 
per year. This is roughly equivalent to reducing the burning of coal by approxi-
mately 331–5188 kg. If coal, however, were used and imported from outside the 
alpine region, the carbon sink in the alpine region would increase as dung would be 
used to a lesser extent.

Most Tibetan families have little choice but to use only yak dung for cooking and 
heating, as their limited income does not allow them to purchase fossil fuel. Families 
live in either tents or stone homes and, due to economic reasons, use mainly simple 
stoves without chimneys (Xiao et al. 2015). Because of the low air temperatures, 
they heat for an average of 16 h per day (Chen et al. 2011) and, as a result, indoor 
emissions of black carbon and fine particulate matter rank among the highest in the 
world. Indoor air pollution has become extreme (Holthaus 2015; Watts 2015), 
increasing the risk of diseases such as cancer, cardiovascular diseases and respira-
tory disorders (Pope and Dockery 2006; Holthaus 2015).

It has been calculated that approximately 0.4–1.7 Gg/year of black carbon is 
emitted by burning yak dung in Tibet (Xiao et al. 2015); black carbon is one of the 
main causes of both global warming and the melting of snow and ice in the 
Himalayans (Menon et al. 2002, 2010). Furthermore, it was reported that the mean 
indoor concentration of fine particulate matter (PM2.5; aerodynamic diameter of 
2.5 μm or less) in households using a simple stove was 956 μg/m3, that is, consider-
ably higher than the mean 24-h average of 25 μg/m3 recommended by the WHO Air 
Quality Guidelines (Xiao et al. 2015). It was also considerably higher than the air in 
kitchens in other countries that use biomass as fuel. These countries, such as India 
and Mexico, are at lower altitudes and have higher air temperatures, and heat less 
than the homes on the Tibetan plateau (Xiao et al. 2015).
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8.8  Conclusions

Yaks provide valuable milk and dung for the inhabitants of the Hindu-Kush 
Himalayan region and are vital for their livelihoods. On the Qinghai-Tibetan 
Plateau, a lactating female yak produces an average of 288 kg of milk and 19 kg of 
butter per year and each yak produces an average of 786 kg of dung organic dry 
matter per year. The milk is close to a “perfect food” in that it provides most of the 
vitamins and nutritional needs of the inhabitants in an extremely harsh environment. 
The dung provides much-needed fuel for heat and for cooking and valuable fertil-
izer for crop production. Both milk and dung play important roles in the recycling 
of carbon.
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Chapter 9
The Effect of Ecology, Production and 
Livelihood on the Alpine Grassland 
Ecosystem of the Tibetan Plateau

Xingyuan Liu

Abstract The grassland of the Tibetan Plateau is an important base for livestock 
production and shelter for ecological safety in China. The degradation of alpine 
grassland in the Tibetan Plateau has not only impacted local livestock production and 
people’s quality of life, but has also damaged the ecosystem security of China and 
Southeast Asia. By analyzing the function of ecology, production and livelihood 
(FEPL) of the alpine grassland ecosystem and using the Naqu region of the northern 
Tibetan Plateau as an example, this study utilizes the annual per-capita income of 
well-to-do society and the overcome-poverty line for the herdsman to standard liveli-
hood function and establishes an appropriate structure for the FEPL of the alpine 
grassland ecosystem. Controlling livestock carrying capacity is the key for the devel-
opment of the FEPL of alpine grassland ecosystem in the Tibetan Plateau.

Keywords Alpine grassland · Ecological service function · Interaction mechanism 
· Climate change · Titetan Plateau

9.1  Introduction

The Tibetan Plateau is important for animal husbandry and for maintaining grass-
land culture, Tibetan herdsmen’s livelihood, regional economic development and 
social stability (Hu 2000). The geographical, climatic and natural conditions of the 
Tibetan Plateau gave birth to the unique grassland ecosystem, which accounts for 
50.9% of the total land of the Tibetan Plateau (Yu et al. 2007). The grasslands not 
only support yak and Tibetan sheep production but also play important roles in 
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carbon sequestration, biodiversity conservation, atmosphere regulation and Tibetan 
culture preservation (Long et  al. 2008). Proper grassland management is closely 
related to ecological safe shelter zone function for downstream areas and local food 
security. Due to high altitude, drought and cold, it has a very fragile ecosystem 
(Wang et al. 2005; Li et al. 2008). About 90% of the total grassland in this area has 
been degraded to varying extents by misguided human activities (such as overgraz-
ing, reclamation and shrub uprooting) and climate change in the last few decades. 
Degradation of grassland threatens the subsistence of local herders and the region’s 
economic sustainability.

Global warming and intense human activity, together with poor land manage-
ment and high population, led to a substantial reduction in the Tibetan Plateau 
resources (Cheng and Shen 2000; Lin et al. 2010). Excessive population, economic 
and environmental pressures have led to serious degradation of alpine grasslands 
and to a decline in ecological services and productivity (Mao et al. 2008; Gao et al. 
2010), triggering a series of ecological, economic, environmental and social prob-
lems. If the relationship between ecological protection, animal production and 
herdsman life cannot be coordinated, a further decline of the alpine grassland eco-
system service function is envisioned which will put the Tibetan Plateau region into 
the “ecological deterioration—economic poverty” vicious circle. Finally, it will 
lead to the loss of its ecological security barrier function, causing “ecological disas-
ter” (Zhang 2006).

The alpine grassland ecosystem of the Tibetan Plateau is a complex system inte-
grating ecology, economy and social function (Bao 2009). Previous studies dealt 
mainly with natural properties and the effects on alpine grassland ecosystems from 
the aspects of soil, plant, animal and microbes, but neglected social attributes of the 
alpine grassland ecosystem. When population pressure and economic demands are 
low, the herdsmen’s economic activity does not threaten the natural characteristics 
of the alpine grassland ecosystem, and the system self-regulation can function. 
However, with continuous growth of the population and economic needs, the impact 
of herdsmen on alpine grassland ecosystems has been increasing, resulting in the 
destruction of the ecological and economic harmony between man and nature. Then 
the social attributes of the alpine grassland have become the decisive factor in its 
development (Ferraro 2004). Therefore, the herdsmen’s activities become the driv-
ing force of changes in the ecological and life functions in alpine grassland 
ecosystem.

9.2  The Connotation of Ecosystem Service Function 
of Alpine Grassland

The essential importance of the alpine grassland ecosystem is mainly to protect the 
ecological environment. The grassland ecosystem has ecological, productive and 
livelihood functions (FEPL), namely ecological protection, animal production and 
livelihood of herdsmen.
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9.2.1  The Ecological Function

The ecological function of the alpine grassland refers to biological properties and 
ecological processes, which provide natural environmental conditions for the sur-
vival of the life system. The system provides a prerequisite for ecological resources 
and maintains the basis of social and economic development (Daily et  al. 2000; 
Holling 2001). The ecological functions of grasslands include climate regulation, 
nutrient cycling and storage, fixed CO2, release of O2, reduction of SO2, water con-
servation, soil formation, erosion control, waste treatment, retention of dust and 
biodiversity conservation (Costanza et  al. 1997). These functions are difficult to 
control on the grassland ecosystem with the present public funding. Available direct 
or indirect economic value assessment is required (de Groot et  al. 2000). The 
Tibetan Plateau alpine grassland ecosystem plays an important role in maintaining 
global CO2/O2 balance, absorbing greenhouse gases, regulating downstream water 
resources, controlling soil erosion and reducing wind, and is an important global 
biological species gene pool and an important area of biodiversity protection (Lu 
et al. 2004). It is very important for the alpine grasslands in the Tibetan Plateau to 
protect the national ecological barrier and the biodiversity (Fig. 9.1).

9.2.2  The Production Function

Alpine grassland production function includes livestock production, grass products 
and medicinal plants (Fig. 9.2). These can be commercialized and have direct eco-
nomic values. It plays an important role in supporting the development of unique 

Fig. 9.1 The ecological services function (water conservation) of alpine grassland in the Tibetan 
Plateau (Photography by Xingyuan Liu 2016)
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animal husbandry on the plateau (Mao et  al. 2008). As the “soil-grass-animal- 
human” food chain in the alpine grassland ecosystem differs from the “grain- 
human” food chain in the farmland, the grassland per unit area can raise more 
livestock and only support a small number of people. To meet the needs of life 
function, herdsmen paid much attention to the production of grasslands, which led 
to a weakening of the ecological function (Sala and Paruelo 1997). However, the 
same area of farmland supports a larger population, but only through agricultural 
measures to increase the yield per unit area (Kelly et al. 1997). Therefore, the pro-
duction pressure of grassland is higher than that of farmland because production of 
food energy from the grassland system is lower than from the farm system. This is 
the main reason for grassland degradation.

9.2.3  The Livelihood Function

The livelihood function of the alpine grassland ecosystem is a reflection of the 
social attributes of the grassland and is also an expression of the ecological and 
production functions (Long et al. 2008). It is an organic carrier of “human-grass- 
animal-ecology-culture”. Alpine grassland ecosystem livelihood function includes 
mainly economic security, cultural heritage and leisure travel (Straton 2006; Bao 
2009). Some of these features can be commercialized functions, with direct eco-
nomic value, and some cannot be quantified, with indirect economic value. The live-
lihood life function of grassland ecosystem in the Tibetan Plateau is reflected in two 
aspects: the first is through the production function of animals and plants and the 
second is the maintenance of culture, religion and tradition (Fig. 9.3).

Fig. 9.2 The production function (grazing pasture) of alpine grassland in the Tibetan Plateau 
(Photography by Xingyuan Liu 2018)
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9.3  Interaction Mechanism of “FEPL” in Alpine Grassland 
Ecosystem

9.3.1  The Internal Relations of “FEPL”

Alpine grassland ecological service function is the result of the interaction of physi-
cal, chemical, biological and human activities in the ecosystem, which play different 
service functions for human and ecological environments (de Groot et  al. 2000). 
Ecological function is the foundation, production function is the means and the way, 
and livelihood function is the ultimate goal (Bao 2009). Production function, as a 
bridge connecting ecological function and life function, has a leading role in the 
change of ecological service function in alpine grassland, and the standard of liveli-
hood depends on ecological and production functions, which embody the develop-
ment and management of the system. When the three factors are in a state of harmony, 
the grassland system develops steadily and maximizes its potential. When the rela-
tionship is in disarray, the grassland ecosystem degrades and the ecosystem service 
function is weakened (Liu et al. 2011). Alpine grasslands and livestock are the mate-
rial basis and the main economic source of the herdsmen in the Tibetan Plateau. The 
quality of life determines the attitude of herders to the production function and eco-
logical function. Production function reflects the level of life function and the 
strength of ecological function, and the strength of ecological function restricts the 
size of the production function and livelihood function (Fig. 9.4). Ecological health 
of the alpine grassland is necessary for economic output to support the population.

Fig. 9.3 The production function (milk products) of alpine grassland in the Tibetan Plateau 
(Photography by Ruijun Long 2008)
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Ecological function protects the ecological security barrier, and its impact 
reaches beyond its geographical and administrative boundaries, as it has globosity. 
Production function embodies mainly specific areas of animal husbandry and eco-
nomic development, it has regionalism. Livelihood function embodies mainly the 
livelihood of the herdsmen who depend on the grassland for the cultural heritage 
and social interactions (Liu et  al. 2011). FEPL of alpine grassland ecosystem 
includes the interaction, mutual influence and constraints of complex relationships, 
expressed as multiple coupling, multi-dimensional chains and multiple feedbacks of 
the intrinsic relationships (Zhang and Fang 2002). Under the condition of grassland 
resource constraints, the grassland production function is kept in check, and the 
“competition” phenomenon of grassland resources is inevitably kept between eco-
logical protection and economic development. With the growth of alpine grassland 
population and the expansion of the number of livestock, the degradation of alpine 
grassland is very rapid. Once it exceeds its stable elastic threshold, it affects not 
only the health of the grassland ecosystem, but also the production of alpine grass-
lands. Therefore, the production function of the alpine grassland in the Tibetan 
Plateau can only achieve its ecological value within the elastic threshold of the car-
rying capacity of the ecosystem.

9.3.2  The Influence of the Structure Change of FEPL 
on Ecological Service Function

The relationships among the FEPL of the alpine grassland determines the health and 
sustainable development of the alpine grassland ecosystem. Depending on the pro-
portion of each of the functions, three scenarios can be envisioned.

Ecological

Productive

Livelihood

Fig. 9.4 Balance of model the ecological, productive and livelihood functions of alpine grassland 
ecosystem (Long 2007)
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 1. When the proportion of the ecological function is large and the proportion of 
livestock production is small, then the support for people’s livelihood is reduced 
(Fig. 9.5A). This state emphasizes that the ecological function of alpine grass-
lands maintains a modest production function and a higher level of living func-
tion. However, this state reduces the external pressure and making grassland 
eco-system less active and less productive, which not only reduces the economic 
output efficiency of alpine grassland ecosystem, but also interferes with restora-
tion and renewal of alpine grassland ecosystem.

 2. The proportion of ecological function is moderate, according to the level of 
grassland resources and appropriate animal husbandry production (Fig. 9.5B). 
This state not only protects the alpine grassland ecological environment, but also 
meets the requirements of regional economic development and the improvement 
of the herdsmen’s quality of life. It is appropriate for the coordinated develop-
ment of ecological, production and living functions.

 3. The proportion of ecological function is small, but the proportion of livestock 
production is large, and the of population is growing continuously (Fig. 9.5C). 
This state emphasizes the grassland production function, increases the carrying 
pressure of the alpine grassland ecosystem and increases the economic output 
efficiency of the system, but continuous overuse will lead to the degradation of 
the alpine grasslands and the ecological service function. When the pressure 
exceeds the recoverable elastic threshold of the system, it will cause the collapse 
of the ecosystem, which not only weakens the ecological function, but also 
reduces the production and life functions.

State A is suitable in areas where the dominant function is the ecological protec-
tion, has less stress and has an important role in national and regional ecological 
security barriers. State B is suitable for load-carrying population size and the 
appropriate numbers of livestock areas, but needs support of advanced science and 
technology, management measures, and relevant national policies and regulations. 
State C is a state in which ecological, production and life functions are not sustain-

Livelihood function

Productive function

Ecological function

C

B

A

Fig. 9.5 Structure variation of the ecological, productive and livelihood functions of alpine grass-
land ecosystem (Liu et al. 2012)
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able. As the size of pastoral areas is increasing, and the scale of livestock produc-
tion increases rapidly, the proportion of State C becomes steeper. If effective 
measures are not taken, eventually, an “ecological disaster—production collapse—
life” will be created.

The change in proportions of the FEPL in the Tibetan Plateau alpine grassland 
ecosystem plays an important role in improving the national ecological barrier, 
the regional economic development and the living standards of the herdsmen 
(Zhong et al. 2006). The state of the three determines the ecological status of the 
grassland and the number of people who can be supported. At present, the propor-
tions of the production and living functions are large and the proportion of eco-
logical function is small in the Tibetan Plateau alpine grassland ecosystem, so the 
imbalance leads to alpine grassland ecosystem degradation. Therefore, it is urgent 
for the state to implement the ecological compensation policy for the grasslands, 
optimize the utilization structure of the grassland resources, make full use of 
resource endowments of different grassland types, rationally distribute the pro-
duction factors, adjust the proportion structure of the FEPL, strengthen the grass-
land management measures, and build ecological compensation mechanisms to 
restore degraded and degrading alpine grassland ecosystems. These will promote 
the coordination and sustainable development of alpine grassland ecology, pro-
duction and living functions.

9.3.3  The Interaction Mechanism of FEPL

Ecological and production functions are supported by the ecological and economic 
needs of livelihood functions, and the change in the demand for living function has 
a negative effect on ecological and production functions. Any change in function 
will cause other functional changes, which in turn affect the alpine grassland eco-
system (Fig. 9.6). The driving mechanism of these interactions is through the inter-
actions between population, grazing pressure and the carrying capacity of resources 
and environment, which cause a chain reaction (Zhang and Fang 2002) When the 
economic needs of the living function increase, then the economic demand forces 
an increase in the production function and reduction in the ecological function. 
This reaction force of the living function causes the grazing pressure to exceed the 
carrying capacity of the grasslands, leading to an imbalance between the produc-
tion function and the ecological function (Venkatachalam 2007). Therefore, the 
core of the coordinated development of the FEPL in the Tibetan Plateau alpine 
grassland ecosystem is based on the change of grassland resources and carrying 
capacity, which regulates the population and livestock in the system, and the eco-
logical, economic and social benefits. Consequently, ecological, production and 
living functions in appropriate proportions are required for protection of the alpine 
grassland ecosystem.
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9.4  Reasonable Structures and Livestock Carrying Capacity 
of FEPL in Alpine Grassland Ecosystem

The precondition of alpine grassland ecosystem FEPL requires a reasonable propor-
tion of structure. The life function is the dominant function that forms a reasonable 
proportion of the structure. But the number of people that can be supported and the 
livestock carrying capacity of the alpine grassland ecosystem are the basis of the life 
function. Due to the different types of alpine grasslands, the productivity and eco-
logical functions values differ, so the carrying capacity also differs. Therefore, this 
study is based on the alpine steppe, alpine desert, alpine desert steppe and alpine 
meadow in northern Naqu region, and uses the annual per-capita income of well-to-
do society and overcome-poverty line for herdsmen proclaimed by the Chinese gov-
ernment in 2008 as the standard of living function.

9.4.1  Determine the Method

9.4.1.1  Proportional Structure Model

The following equation can be used to estimate the minimum health of alpine grass-
lands for livestock production, and to carry the largest population and its economic 
output to achieve different living standards.

 
E x P y L z Xmin Ymid Zder( ) ( ) ( ) =: : : :

 

Fig. 9.6 Interaction mechanism for the ecological, productive and livelihood functions of alpine 
grassland ecosystem (Liu et al. 2011)
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In the formula, E(x), P(y) and L(z) are ecological function, production function and 
life function, respectively. Xmin, Ymid and Zder are the ecological function equiva-
lents of ecosystems in maintaining the lowest health level, the number of production 
functional equivalents under moderately productive conditions and the number of 
functional equivalents to meet the different economic needs of herders, respectively.

9.4.1.2  Model Conditions

 1. The theoretical carrying capacity of alpine grasslands under the non-degraded 
state is set to moderate carrying capacity, because theoretical carrying capacity 
is determined according to the lowest level of ecological health and the appropri-
ate carrying capacity of grasslands. (Carrying capacity: sheep unit/ha, one sheep 
unit is valued at 600 RMB).

 2. The annual slaughter rate is 30%.
 3. Use the 2008 China’s proposed per capita income of 1300 RMB for the poverty 

line and 8000 RMB for well-off, as standards for measuring life function.
 4. Use the “eco-service equivalent” to standardize the ecological, production and 

life function values. The ecological service equivalent indicates that the ecologi-
cal, productive and living functions of the alpine grassland ecosystem are defined 
as an ecological service function equivalent of 1000 RMB per annum.

9.4.1.3  Calculation Method and Procedure

 1. According to the theory of carrying capacity calculation method (Ren 1998), 
evaluation Method of Ecological Service Value (Liu et al. 2011) and model con-
ditions, we can calculate the ecological service value and carrying capacity of 
the alpine grassland per unit area and convert the carrying capacity into eco-
nomic value.

 2. According to the number of livestock needed for each herder each year, we can 
achieve the standards of well-off and poverty-free herdsmen, and then determine 
the amount of livestock under ecological health conditions.

 3. Based on the determined number of sheep units, the theoretical stocking capacity 
is used as the standard to calculate the area of grassland needed to achieve pov-
erty alleviation and well-off herdsmen.

 4. According to the grassland area, we can calculate the total ecological service 
value and economic value, and then convert them into ecological service func-
tion equivalent.

 5. Determine the number of production and life functions that can be carried by an 
ecological service function equivalent.

 6. Determine the different types of grassland FEPL reasonable structure ratio.
 7. For different grassland types per unit area of ecological service value, the total 

ecological service value of the grassland type is estimated, and the correspond-
ing living function value is estimated by using the proportion of the FEPL of 

X. Liu



173

different types of grassland. Then, divided by the standard, the number of grass-
land types, and according to the area of the grassland area, the population that 
can be supported can be determined.

9.4.2  FEPL Reasonable Proportion of the Structure

Using the above method, the theoretical carrying capacity, economic value and eco-
logical service value of a unit grassland area in ungraded states of different types of 
grasslands in Naqu region were calculated (Table 9.1) (BLMT 1994). It was esti-
mated that the herdsmen in Naqu region need 3 and 44 sheep units of livestock for 
the standards of overcome poverty line and well-off line, respectively. Under the 
conditions of poverty alleviation and well-off, the ecological function, production 
function and living function of alpine steppe, alpine desert, alpine desert steppe and 
alpine meadow were 1:0.05:0.02, 1:0.09:0.03, 1:0.05:0.02 and 1:0.13:0.04, respec-
tively (Tables 9.2 and 9.3).

Table 9.1 Ecological services value, animal carrying capacity and economic value of the different 
degraded grasslands in the Naqu region of Tibet (Liu et al. 2012)

Grassland 
area (×104 ha)

Utilization 
rate (%)

Ecological 
services value 
(RMB/ha)

Carrying 
capacity 
(number/ha)

Economic 
value (RMB/
ha)

Alpine steppe 1890 84 5871 0.49 294
Alpine desert 289 70 1046 0.15 90
Alpine desert steppe 371 82 3491 0.30 180
Alpine meadow 827 97 6234 1.39 834
Total 3378 – – – –

Table 9.2 Proportional relationship for the FEPL based on the condition of overcome poverty in 
the Naqu region of Tibet (Liu et al. 2012)

Alpine 
steppe

Alpine 
desert

Alpine desert 
steppe

Alpine 
meadow

Number of grazing animals 
(sheep unit)

7.3 7.3 7.3 7.3

Demand grassland (ha) 15.0 49.0 24.3 5.3
Ecological services value 
(RMB)

86,888 50,921 84,839 33,041

Economic value (RMB) 4380 4380 4380 4380
Ecological function equivalent 87 51 85 33
Productive function equivalent 4.4 4.4 4.4 4.4
Livelihood function equivalent 1.3 1.3 1.3 1.3
E(x):P(x):L(x) 1:0.05:0.02 1:0.09:0.03 1:0.05:0.02 1:0.13:0.04
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9.4.3  Livestock Carrying Capacity of Alpine Grassland 
Ecosystem

In the alpine grasslands, the livestock carrying capacity is a key factor to determine 
the quality. Therefore, the regulation of livestock carrying capacity is the key to the 
coordinated development of ecology, production and living functions of the alpine 
grassland ecosystem in Tibetan Plateau.

The total grassland area of the Naqu region is 33.8 million ha, subtract no man’s 
land area of 2.36 million ha and available grassland area is 29.0 million ha. Based 
on the appropriate proportion structure and population carrying capacity, the ideal 
livestock carrying capacity of alpine grassland ecosystem in Naqu region of Tibet 
was estimated under the condition of Original vegetation status and Degradation 
vegetation status (Table 9.4). The number of people engaged in animal husbandry 
was 38.3 million, with an animal production value of 517 million RMB (Statistical 
Bureau of Tibet 2009). According to the standard of poverty alleviation and well- 
off, the reasonable livestock carrying capacity of the alpine grassland ecosystem 
should be 39.8 million and 6.5 million, respectively.

Table 9.3 Proportional relationship for the FEPL based on the condition of well-to-do in the Naqu 
region of Tibet (Liu et al. 2012)

Alpine 
steppe

Alpine 
desert

Alpine desert 
steppe

Alpine 
meadow

Number of grazing animals 
(sheep unit)

44.4 44.4 44.4 44.4

Demand grassland area (ha) 91.0 296 148.0 32.0
Ecological services value 
(RMB)

526,611 309,707 516,363 199,491

Economic value (RMB) 26,640 26,640 26,640 26,640
Ecological function equivalent 527 310 516 200
Productive function equivalent 26.6 26.6 26.6 26.6
Livelihood function equivalent 8 8 8 8
E(x):P(x):L(x) 1:0.05:0.02 1:0.09:0.03 1:0.05:0.02 1:0.13:0.04

Table 9.4 Farms carrying capacity of alpine grassland in the Naqu region of Tibet (Liu et  al. 
2012)

Original vegetation (×104) Degradation vegetation (×104)
Overcome poverty Well-to-do Overcome poverty Well-to-do

Alpine steppe 99.4 16.4 5.4 0.9
Alpine desert 2.4 0.40 1.1 0.2
Alpine desert steppe 12.5 2.06 11.7 1.9
Alpine meadow 151.4 25.1 88.2 14.4
Total 265.8 43.9 106.4 17.5
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Compared with the estimated livestock carrying capacity of poverty alleviation 
standards, the actual animal husbandry population accounts for 96.3% of the stan-
dard of poverty alleviation, but with the well-off standard, the actual animal hus-
bandry population exceeded the estimate by 489.2%. If the actual population in 
2008 corresponded to the appropriate livestock carrying capacity under graded state 
of the alpine grassland, the actual population accounted for 14.2% and 85.9% of 
poverty alleviation and well-off standards. However, in the current situation of deg-
radation, the actual livestock population accounted for 36% of the standard of pov-
erty alleviation, while the well-off standard was 118.9% (Fig.  9.7). The results 
showed that the livestock carrying capacity of degraded alpine grassland was sig-
nificantly decreased in the Tibet. Compared with the non-degraded status of 
 grasslands, the total livestock carrying capacity of under poverty and well-off stan-
dards decreased by 60%.

9.5  The Effect of Climate Change to the FEPL of Alpine 
Grassland Ecosystem

The alpine grassland ecosystem in the Tibetan Plateau is highly sensitive to climate 
change. The plateau has experienced significant warming over the past 50 year (Liu 
et  al. 2018), and this warming trend is projected to intensify in the future. The 
responses of the alpine grassland ecosystem to climate change from ecological 
function, production function and livelihood function include mainly the aspects of 
water storage, erosion control, nutrition cycling, waste treatment, resort sand and 
dust, biological control, release O2, fixation CO2, reduce SO2, recreation, culture 
and animal production (Fig. 9.8).

Intensive human economic activities influence alpine grassland ecological sys-
tems. Fast economic growth leads to increasing environmental stresses in the Tibetan 
Plateau. In addition, climate change also may have stabilized primary production in 
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Fig. 9.7 Carrying capacity of pastoral population based on the different economic levels in the 
Naqu region of Tibet (Liu et al. 2012)
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the high-elevation region, but it also caused a shift from aboveground to below-
ground productivity. Therefore, the impacts of climate change and human activities 
on the structure and functioning of ecosystems in Tibetan Plateau are very great.

Grassland ecosystem response to climate change is a great concern. Therefore, it 
is necessary to strengthen research on the effect of climate change on FEPL of 
alpine grassland ecosystem. Effective measures should be taken and scientific plans 
developed to deal with the negative effects of climate change to the alpine grassland 
ecological system.

9.6  The Theoretical and Practical Significance of Alpine 
Grassland Ecosystem FEPL

The aim of the sustainable development of the alpine grassland ecosystem in the 
Tibetan Plateau is to meet the requirements of human livelihood and the environ-
ment, to improve the quality of resources and to achieve the coordinated develop-
ment of ecological, production and living functions. Due to the lack of understanding 
of the grassland ecosystem, production managers of grassland, under the drive of 
living function, pay attention only to the production function of grassland. 
Consequently the carrying capacity of the grassland ecological environment is 
exceeded, leading to grassland degradation (Foggin 2008). The fundamental reason 
is that it does not deal with the FEPL of the proportion of structural problems. Under 
the condition of alpine grassland resources, with the continuous growth of 
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Fig. 9.8 The effect of climate change on the FEPL of alpine grassland ecosystem (Liu et al. 2011)
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population, there is inevitably contradiction among the FEPL of the alpine grassland 
ecosystem (Liu et al. 2006).

The alpine grassland ecosystem is different from other ecosystems in terms of their 
components, ecological processes, and natural environmental conditions and utility. 
Its ecological function is embodied mainly in the protection of ecological security 
barrier, which is the basis of system maintenance and development. With the overall 
situation and deterioration, it will cause alpine grassland ecosystem degradation, 
water conservation capacity decline, and biodiversity reduction risk. These factors 
threaten the development of the Tibetan Plateau and its downstream areas not only 
within its geographical and administrative boundaries but beyond the boundaries 
(Long 2007). The production function is embodied in the development of animals, 
which reflects the production attributes of the system. When the number of livestock 
and grazing pressures of the alpine grassland ecosystem are lower than the environ-
mental carrying capacity, the system is in balance or in a healthy state (Cheng and 
Shen 2000).

The imbalance between grazing pressure and environmental carrying capacity 
leads to degradation, and the system is in an unsustainable state of development. 
The function of life for the herdsmen is dependent on the survival of grasslands and 
the inheritance of grassland culture, which has the deepening of society and culture. 
Life function is the ultimate goal of the system and depends on the balance of eco-
logical and production functions, reflecting the comprehensive development of the 
system and management status. A lack of ecosystem service function will lead to 
the collapse of the global economic system. Therefore, the FEPL of the alpine 
grassland ecosystem creates a relationship of global and regional harmony.

The alpine grassland ecosystem FEPL is a nonlinear multi-coupling, multi- 
dimensional chain and multi-feedback interaction system. Ecological and produc-
tion functions provide economic needs of life support, while the demand for living 
function and ecological and production functions have an adverse effect. Any 
change in function will cause other functional changes, which in turn affect the 
alpine grassland ecosystem. This occurs mainly through population and grazing 
pressures and resources and environmental carrying capacities, which is a chain 
reaction (Cheng and Shen 2000). The increase in population pressure is accompa-
nied by degradation of alpine grasslands, so that the FEPL of the alpine grassland 
ecosystem are weakened gradually, and if they exceed the stability threshold of the 
grassland ecosystem, produce negative ecological effects.

Therefore, starting from the FEPL of alpine grassland ecosystem, the manage-
ment decision of animal husbandry, economic development and ecological protec-
tion can be formulated under the multiple standards of ecological, economic and 
social benefits (Moran et al. 2007). Through the grassland ecological compensation 
policy of strengthening ecological function, reducing the production function and 
improving the life function, it is possible to maintain the appropriate level of pro-
ductivity and herds and promote healthy and sustainable development of the 
Qinghai-Tibet Plateau grassland ecosystem.

The theory of FEPL of alpine grassland ecosystem provides important theoreti-
cal and practical knowledge to understand the ecological barrier status of alpine 
grassland, the development utility of animal husbandry economy and the living 
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security of herdsmen. It is helpful to guide the producers, managers and policymak-
ers to grasp the changes of the alpine grassland ecosystem and implement the cor-
responding control measures to understand the relationship among the FEPL (Fisher 
et al. 2009). The understanding of the interactions among the FEPL are needed to 
determine the FEPL proportion structure and the suitable livestock carrying capac-
ity for sustainable development, to maintain the ecological security barrier, to plan 
economic development planning and to reduce herders’ poverty.

In practice, according to the FEPL and appropriate proportion structure, the reg-
ulation of livestock carrying capacity is the basis for realizing the coordinated 
development of ecological, production and living functions of the alpine grassland 
ecosystem. China’s grassland pasture areas are distributed mainly in the cold and 
dry climate, poor environmental conditions in the western and border areas.

Grassland resources are the main source of livelihood for the survival of the 
herdsmen in these areas. Therefore, the direct victims of grassland degradation are 
the herdsmen in pastoral areas, which not only affects the ecological safety barrier 
and herdsmen’s standard of living, but also affects national unity and border stabil-
ity. From the level of national strategy, we should pay greater attention to grassland 
ecosystem service function, increase the investment of science and technology, 
improve ecological function, improve production efficiency and plan the coordi-
nated development of the FEPL of the alpine grassland ecosystem.

9.7  Sustainable Development of FEPL in the Tibetan Plateau

How to harmonize the relationship between population, resources, environment and 
economic development, to rationally develop and utilize grassland resources, and 
to protect ecological security barriers is related to the overall situation of coordi-
nated and sustainable development of ecology, economy and society in Tibetan pla-
teau. Thus, seeking a rational management pattern of the grassland is an urgent 
issue for professionals, herders and the Chinese government to achieve sustainable 
animal production to maintain the health of the alpine grassland ecosystem. To 
achieve this, the government should take efficient countermeasures as follows:

First, to evaluate the ecological services value and loss value due to grassland 
degeneration considering the regional differences, spatial heterogeneity, and eco-
nomic development level of different areas in alpine grassland ecosystem of Tibetan 
Plateau (Li et al. 2008). According to the results, to develop corresponding protec-
tive measures.

Second, in the functional subarea model, to determine ecological compensation 
based on productivity, seasonal grazing importance, ecological services value and 
ecological environmental sensitivity of each alpine grassland subtype in the Tibetan 
Plateau. According to the model, the Tibetan Plateau alpine grassland was classified 
as the moderate production sector, and needed to restore grassland by reducing live-
stock number. It is suggested that the ecological compensation mechanism be used 
based on the Grassland functional subarea.
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Third, based on the function subarea and grading of alpine grassland, to present 
measures of rewards and punishment for different function sectors. To set ecologi-
cal compensation period and ecological compensation fund for alpine grassland in 
Tibetan plateau. To safeguard ecological compensation fund for the sustainable 
development of alpine grassland by establishing institutional commitments, neces-
sary improvements and technology integration in the Tibetan plateau.

Fourth, to combine features of politics, economy and culture in the Tibetan pla-
teau area. The three-dimensional framework of sustainable development to be 
implemented in the alpine grassland ecosystem of the Tibetan plateau. The laws and 
regulations of grassland management to be perfected. The concept of ecological 
civilization to be set up. Dominant function of alpine grassland ecosystem is cleared 
in ecological barriers and the regional economic development. The structure of 
alpine grassland resources to be optimized and ecological animal husbandry to be 
developed. Consequently, to develop a system using function, time, order and space 
that can promote sustainable development of alpine grasslands resource utilization 
in the Tibetan plateau.

9.8  Conclusions

Alpine grasslands of the Tibetan Plateau are important for livestock production and 
for ecological safety in China. The impacts of climate change and human activities 
on the structure and functioning of ecosystems in Tibetan Plateau are very great. 
Grassland ecosystem response to climate change is a great concern. Degradation of 
alpine grasslands in the Tibetan Plateau has not only impacted local livestock pro-
duction and the people’s quality of life but has also seriously damaged the ecosys-
tem security of China and Southeast Asia.

The interaction mechanisms of ecological function, productive function and live-
lihood function (FEPL) were expounded by driving mechanism among population 
pressure, grazing pressure and environmental carrying capacity of the northern 
Tibetan alpine grassland ecosystem. The interaction mechanism of the FEPL indi-
cated a nonlinear internal relation of polybasic coupling, many dimensions linkage 
and multiple feedback of the northern Tibetan alpine grassland ecosystem. Based on 
the analysis quantity relative of the FEPL for functional structure effect of alpine 
grassland ecosystem, quantity relative of the FEPL was determined based equiva-
lent of the ecological services function of alpine grassland. According to this, num-
ber of people that can be supported and the livestock carrying capacity of the 
northern Tibetan alpine grasslands were estimated based on the standard of over-
come poverty and well to do of herdsman of established by China government in 
2008.

Compared with the state of alpine grassland degradation in previous years, the 
number of people that can be supported by the northern Tibetan alpine grasslands 
has decreased by 60%. According to the analysis of gross domestic product of ani-
mal husbandry of the Naqu region of northern Tibetan in 2008, the number of peo-
ple that can be supported at the standard of overcome poverty accounted for 96.3% 
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of the actual number of people of the Naqu region of northern Tibetan and the 
number of well to do was at 489.2% of the actual number of people. The percent-
ages were 14.2 and 85.9%, respectively before alpine grassland degradation. 

 Therefore, controlling population is the key for mutual development of the 
FEPL of alpine grassland ecosystem in the Tibetan Plateau. It is also necessary to 
strengthen research on the effect of climate change on FEPL of alpine grassland 
ecosystem. Effective measures should be taken, and scientific plans developed to 
deal with the negative effects of climate change to the alpine grassland ecological 
system.
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Abstract As the key part of HKH, the Qinghai-Tibetan plateau supports the largest 
population of pastoralists (10 million) in the world. Livestock production on the 
plateau produces large quantities of dung, but approximately 80% is collected for 
energy purposes such as cooking and heating needs, which is a  link with carbon 
cycling  being a source of  carbon to soil and livelihood activity  i.e  by providing 
energy and imrpoving grassland productivity. However, inefficient combustion of 
the dung results in indoor as well as environmental pollution with adverse impact on 
human health. Heating biomass in oxygen-limited conditions transforms the bio-
mass into bio-oil, syn-gas and a carbon-enriched material known as biochar. Biochar 
can be used to store carbon in soil and to improve soil quality. This chapter explores 
the importance of biochar for grasslands restoration and the potential of dung bio-
char for carbon capture and for increasing grassland productivity. In addition, future 
biochar research directions to restore grasslands and to improve the livelihood of the 
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10.1  Introduction

Grasslands are one of the most widespread terrestrial ecosystems, occupying about 
13% of the surface of the earth (Gong et al. 2013) and contain approximately 20% of 
global organic carbon stock (Scurlock and Hall 1998). Mountain grasslands have been 
used by grazing livestock for thousands of years (Poschlod and WallisDeVries 2002) 
and require proper management to be sustainable. They are rich in plant species but 
are low in productivity due to a short growing season and poor soil nutrients (Hopkins 
2009). Grasslands ecosystem services include buffering of extreme weather, prevent-
ing floods, purifying water, providing fodder for herbivores, recycling nutrients, con-
serving biodiversity, improving soil physical and chemical properties and contributing 
to landscape beautification and recreational benefits (Gibon 2005; Quétier et al. 2010; 
Lindeman-Matthies et al. 2010; Lavorel et al. 2011; Ocak 2016). Climatic and anthro-
pogenic factors are the basic driving forces changing terrestrial ecosystems and threat-
ening grasslands (Haberl et al. 2007; Vitousek et al. 1997).

The Qinghai Tibetan Plateau (QTP), also known as the third pole and the roof of 
the world (Fig. 10.1) is important for the livelihood of the local population (Qiu 
2008; Zhang et al. 2014) as well as hundreds of million people in China and other 
countries. However, alpine grasslands are fragile and vulnerable to global change 
(Chen et  al. 2013; Li 2017; Yao et  al. 2016) and face a higher degree of global 
warming than other places on earth (Pepin et al. 2015; Yang et al. 2014). Biochar, 
produced by thermal decomposition of organic material (Lehmann and Joseph 
2009), can improve soil nutrients and sequester carbon in the soil (Lehmann 2006; 
Sohi et al. 2009; Woolf et al. 2010). Application of biochar to soils have increased 
crop yields worldwide (Glaser et al. 2002; Jeffery et al. 2011; Kammann et al. 2011; 
Vaccari et al. 2011; Spokas et al. 2012; Wang et al. 2012) and have reduced nutrient 
leaching from the soil. This chapter examines the prospects of biochar for grass-

Fig. 10.1 Spatial distribution of topographic features (a) and typical vegetation types (b) on the 
Tibetan Plateau (Li et al. 2018)

M. K. Rafiq et al.



187

lands restoration and the potential of yak dung biochar for carbon capture and for 
increasing grassland productivity in the QTP.

10.1.1  Grassland Ecosystem Services in the Qinghai Tibetan 
Plateau

The QTP is one of the key ecosystems of the earth, with approximately 85% cov-
ered by alpine grasslands. These grasslands offer a number of valuable ecosystem 
services, such as the maintenance of plant species diversity, storage of carbon, 
reduction of soil erosion, conservation of water and the maintenance of Tibetan 
traditions and culture (Lu et al. 2013). The direct and indirect economic and eco-
logical services provided by the QTP could be listed as: (1) playing a major role in 
the livelihood of the local population as the QTP supports approximately 30 million 
sheep and goats and 14 million yaks (Lu et al. 2013); (2) sequestering almost 4.0% 
(ca. 10.7 Pg C) of the soil carbon of the world’s grasslands (Ni, 2002) and 0.7–1.0% 
(up to 920 Tg N) of total global N (Tian et al. 2006); (3) being the watershed basin 
of major rivers of Asia (Yangtze, Yellow, Indus, Mekong, and Ganges Rivers), the 
QTP is considered the world’s largest river runoff area from a single location. It is a 
source of water for nearly 40% of the world’s population, including China and India 
(United Nations Environment Program 2007); and (4) being a hub of endangered 
and endemic species of global importance, including more than 1500 genera of 
vascular flora with 12,000 species; 700 genera of epiphytes with more than 5000 
species; 29 families of mammals with more than 210 species; 57 families of birds 
with 532 species; and 115 species of fish (Wu and Feng 1992).

10.1.2  Grassland Degradation in the Tibetan Plateau

Despite their globally recognized ecological services, economic significance and 
cultural values, approximately 90% of the grasslands of northern China have been 
degraded to some degree during the past 50 years (Nan 2005). Degradation occurs 
at a yearly rate of approximately 6700 km2 (Yang 2002) due to global change (Chase 
et al. 2000), intensified land uses (Kang et al. 2007), population increase, and socio- 
economic improvements. Tibetan pastures are well adapted to the harsh conditions 
of low mean annual air temperature (below 0 °C, Frauenfeld et al. 2005) and pre-
cipitation, (∼437 mm, Xu et al. 2008), high solar radiation (Liu et al. 2012), short 
growing season (∼3.5 months, Leonard and Crawford 2002), high wind and water 
erosion (48 t ha−1 year−1, Yan et al. 2000), low soil nutrient levels (e.g. N and phos-
phorus (P); Li et  al. 2014), very shallow soil profiles (∼30–50 cm, Chang et  al. 
2014), and low air O2 concentration. In addition, warming across the entire pla-
teau is greater and quicker than the overall global mean (Kuang and Jiao 2016). The 
harsh environment subsequently lowers the water table, increases soil erosion and 
reduces soil productivity (Chen et  al. 2013) and also depletes the shallow soil 
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profile, organic carbon and nutrients of the Tibetan pasture soils. The degradation of 
grasslands in the Tibetan Plateau can cause huge economic losses. Table 10.1 com-
pares the economic benefits and losses of non-degraded, lightly degraded, moder-
ately degraded, heavily degraded and severely degraded grasslands.

Environmental and socio-economic factors and their interactions have accelerated 
pasture degradation resulting in losses of soil organic carbon (SOC) and nutrients in 
Tibetan pastures. Recent economic growth has led to a rapid escalation in infrastruc-
ture network development (Liu et al. 2018), which further increased soil deterioration 
(Fig. 10.2), in addition to the direct adverse effects of increased population and high 
grazing intensity. There are a number of causes of grassland degradation of the Tibetan 
Plateau. (1) Overgrazing is a major cause of pasture degradation as livestock numbers 
are above the carrying capacity in many areas. (2) The imbalance between the spring–
winter and summer–autumn grasslands leads to overgrazing of the winter–spring 
grasslands, especially near the watering points and the gathering areas for animals. (3) 
Tibetan grasslands have been experiencing increased atmospheric nitrogen deposition 
that is causing acidification of the grasslands. This occurred especially during the 
1980s to the 2000s across northern China. (4) Livestock dung is a source of soil nutri-
ents that benefits Tibetan grasslands. Collection of up to 80% of yak dung from the 

Table 10.1 Total economic balance of the alpine grasslands caused by degradation (Wen et al. 
2013)

Degradation 
intensity

Area 
(×107 ha)

Total economic balance in total area (×107 $)

NPP
Carbon 
sequestration

Nitrogen 
sequestration

Biodiversity 
maintenance

ND 0.19 0 0 0 0
LD 0.49 −54 550 262 −49
MD and HD 0.97 −134 −4785 −5837 −97
SD 0.28 −56 −2249 −3728 −56
Total 1.93 −244 −8485 −6939 −202

Note: ND, LD, MD, HD, SD represent non-degradation, light degradation, moderate degradation, 
heavy degradation and severe degradation, respectively; NPP represents net primary production

Fig. 10.2 Livestock numbers in Qinghai [(top left) and Tibet (top right) (Liu et al. 2018)]
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grasslands affects recycling of nutrients, reduces soil fertility and reduces primary 
production (He et al. 2009; Shimizu et al. 2009).

10.2  Yaks, Yak Dung and Pastoralist Livelihood 
in the Tibetan Plateau

Domestic yaks serve as the major livestock through much of the Tibetan Plateau and 
as the basis of the livelihood for much of the local population. It is a multi-purpose 
animal that provides leather, wool, milk, meat, dung and transportation (Gerald 
et al. 2003).

Yak dung is a valuable commodity being used as the main source of energy on 
the Tibetan plateau and also as fertilizer in pastoral areas of Tibet (Cai 2003). When 
left on the grasslands, it is one of the major sources of soil nutrients and SOC in the 
Tibetan plateau. However, the heavy use of dung by the local herders to satisfy their 
energy needs has turned the plateau from a net carbon sink to a source of GHG 
emissions. In addition to SOC and nutrient depletion, pasture degradation has a 
significant negative effect on ecosystem services. Degradation of pastures increases 
N and P losses directly (Vitousek et al. 2010), which reduces pasture forage produc-
tivity and, ultimately, lowers the income of the pastoralists (Wen et al. 2013). In 
addition, degradation accelerates the leaching of nutrients, resulting in the pollution 
of surface and subsurface waters (Zhang et al. 2013). Strong winds and dust storms 
also occur more often as a result of pasture degradation (Wang et al. 2008).

10.3  Biochar: A win-win strategy for the Tibetan Plateau

Pyrolysis of biomass produces several co-products, namely, bio-oil (can be used as liq-
uid fuel), pyrolysis gas, and charcoal (‘biochar’). Biochar is a charcoal-like product with 
a high carbon content produced by heating biomass without or with limited air. The term 
‘biochar’ is used when the charred organic matter is applied to the soil with the aim of 
storing carbon and improving soil properties (Lehmann and Joseph 2009) (Fig. 10.3). In 
this way, it not only satisfies the energy requirements of the local communities, but also 
sequesters carbon (Lehmann 2006; Laird 2008 and Woolf et al. 2010).

About 40% of the total yak dung is deposited in night enclosures (Wang et al. 
2002). This dung is collected, dried and stacked in heaps to be used as household 
energy (Fig. 10.4). In addition, yak dung is also collected from grasslands. Although 
some studies have reported that alpine meadows on the QTP act as a weak CH4 sink 
during the growing season (Wei et al. 2015), dung on grasslands emit CH4 and N2O 
(Lin et al. 2009). However, traditional yak dung collection and drying could provide 
cost effective opportunities to produce biochar and energy simultaneously and 
 create a win-win situation where enrgy needs of pastoralists are met by use of bio-
oil and syn gas, while biochar is used for environmental applications.
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The use of biochar to improve soil quality has two major benefits. Firstly, biochar 
has the potential to increase soil productivity in terms of plant production, as it 
increases water -available to plants, soil organic matter (SOM), nutrient cycling, 
soil bulk density and soil pH, and reduces leaching of pesticides and nutrients to the 
soil subsurface (Laird 2008; Fig.  10.5). The effect of biochar on soil properties 
depends on the soil type, as well as on the biochar properties, and, therefore, match-
ing biochar to the soil is very important. Secondly, biochar carbon being more stable 
than dung, remains in soil for longer periods (Lehmann 2006) and, thus, has the 
ability to contribute to global climate change mitigation. In addition to the benefits 
of biochar in soil improvement, agricultural production and carbon sequestration, 
the pyrolysis process also produces energy-rich co-products in the form of bio-oil 

Fig. 10.3 Production of biochar by slow pyrolysis (Manya 2012)

Fig. 10.4 Dung collection and management showing dung heaps and livestock pens (Photograph 
by Jamila Sharif)
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and pyrolysis gas (Cong et al. 2018; Crombie and Mašek 2014, 2015), offering a 
more efficient and environmentally friendly alternative to open fire burning, com-
monly practiced on the Tibetan plateau.

10.3.1  Yak Dung vs. Yak Dung Biochar for Carbon Capture 
and Sustainable Livelihood

Yak dung partially  decomposes within three months during the growing season, 
although it can take 3–5 years to decompose fully in grasslands of north China (Jiang 
and Zhou 2006). The dung emits CH4 and CO2, likely being the main source of these 
two gases in the region. Yak dung is burnt in traditional stoves with a poor overall 
thermal efficiency ranging from 22 to 33%, which causes indoor as well as atmo-
spheric pollution. The combustion releases many air pollutants, among them, small 
particulate material which can cause cardiovascular diseases, respiratory disorders, 
and cancer (Pope and Dockery 2006). Pyrolysis of yak dung could provide biochar 
and also green energy to meet the cooking needs of the local inhabitants. Table 10.2 
presents basic properties of yak dung and biochar from yak dung. Higher pH of the 
biochar than of yak dung has the potential to reverse the acidification process in the 
Tibetan plateau and improve grassland productivity. Biochar contains aromatic car-
bon structures that are highly stable and remains in the soil longer, thus contributing 
towards carbon sequestration in grasslands. This is the case also for yak dung biochar, 
as evidenced by the low O/C and H/C ratios (Table 10.2). The porous structure of 
biochar, higher surface area, and its improved physical and chemical properties could 
enhance microbial activities, improve soil structure and increase moisture content 
and, thus, help restore grasslands productivity and improve the livelihood of the pas-
toralists. Preliminary studies have shown promising results of yak dung biochar appli-
cations for forage productivity and soil improvement and for removing fluoride and 
arsenic from geothermal water (Rafiq et al. 2017; Luo et al. 2018; Zhang et al. 2018).

Fig. 10.5 Conceptual scheme of the effects of biochar application on soil properties and green-
house gases (Li et al. 2018)
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10.4  Recommendations for Future Biochar Research 
and Application on Grasslands

Applying biochar in mountain grasslands could have a number of benefits, includ-
ing an increase in organic carbon, in soil pH and in cation exchange capacity (CEC), 
an improvement in soil structure, and a decrease in soil bulk density and in emis-
sions of greenhouse gases from the soil. The potential benefits of biochar are soil- 
and crop-specific and their magnitude can differ among systems. Biochar 
applications are beneficial for polluted soils, particularly with heavy metals and 
organic compounds (Zhang et al. 2013). However, the effects of biochar application 
on soil processes require further examination. Here we outlined some specific rec-
ommendations to guide future research on the effects of biochar applications to 
grassland soils.

Biochar helps to improve soil physical, chemical, and biological properties. 
However, biochar alone is inadequate to meet the nutrient needs for plant growth 
and productivity. Research on the application of biochar in combination with fertil-
izers could help to restore grasslands and improve nutrient availability in grass-
lands. In addition, research on the effects of biochar on microbial functions could 
help us understand the mechanisms by which biochar affects the biogeochemical 
processing of soil nutrients in grassland ecosystems.

Biochar application has direct effects on plant growth, but the modification of 
soil properties by biochar can have indirect benefits. Different grassland types 
may respond differently to various types of biochar. Thus, it is important to examine 
the effects of biochar on the growth of different grass species.

The effects of biochar application on soil properties have been studied by short 
term incubation and laboratory experiments (Nguyen et al. 2017). Biochar carbon is 
composed of aromatic carbon structures with soil residence times greater than 

Table 10.2 Basic properties 
of yak dung and biochar 
based on dry matter basis 
(Rafiq et al. 2017; Wang and 
Liu 2018)

Items
Yak 
manure

Yak manure 
biochar

pH 7.3 10.1
Ash content (%) 27.2 40.9
N (%) 2.71 2.96
C (%) 37.4 40.4
H (%) 5.87 3.55
O (%) 26.8 12.2
Atomic O/C 0.54 0.23
Atomic H/C 1.88 1.06
Ca (%) 4.31 6.48
Fe (%) 0.49 0.73
K (%) 0.54 0.77
Mg (%) 0.95 1.43
S (%) 0.37 0.21

M. K. Rafiq et al.
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100 years. Long-term studies on the effect of biochar on soil properties and green-
house gas emissions are crucial for biochar application in grassland soils to have 
effective results.

Biochar application has many benefits including the improvement of soil quality 
and the mitigation of greenhouse gas emissions. In contrast, long-term chemical 
fertilization has negative effects on soil properties and carbon sequestration. A com-
prehensive cost-benefit analysis of biochar production and application in Tibetan 
ecosystems is recommended.

Recently, it has been reported that polycyclic aromatic hydrocarbons (PAHs) and 
volatile organic compounds (VOCs), which have a negative effect on the soil micro-
bial community and plant productivity, may exist on the surface of biochar particles 
(Dutta et al. 2017). This can be especially relevant in low-level pyrolysis units with 
limited processing controls, although proper design and operation of biochar pro-
duction units can, to a large extent, eliminate these problems (Buss et al. 2016; Buss 
and Mašek 2016; Ghidotti et  al. 2017; Weidemann et  al. 2017). Therefore, the 
screening for toxicity of biochar on the growth of soil microorganisms and grass-
land ecosystems should be investigated.

Research is required to examine pyrolysis units in terms of biochar and energy 
production, as well as the energy efficiency of dung burned in the traditional stoves. 
In addition, studies should be done on the mixing of locally available low cost 
attapulgite clay, fly ash and other clays with dung to produce biochar  that 
has been proved not only to enhance biochar characteristics but also impove its sta-
bility and carbon sequestartion potential (Xu et al. 2017; Buss et al. 2018).

Discussions among the local inhabitants, policy makers, grassland management 
officials and scientists should be encouraged to generate policies for biochar appli-
cations on the Tibetan plateau.
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Chapter 11
Optimizing the Alpine Grazing System 
to Improve Carbon Management 
and Livelihood for Tibetan Herders

Xiaoxia Yang, Quanmin Dong, and Chunping Zhang

Abstract The grazing system is the largest human-ecosystem to link to the indig-
enous livelihood on the Qinghai-Tibetan Plateau where livestock has been the basis 
for local and regional economies. However, the grassland on the plateau has been 
undergoing degradation to various extents mainly due to overgrazing. Grazing 
exclusion is a widely-used restoration approach and has proven to be effective on 
stimulating plant growth and soil carbon accumulation, however response of soil 
carbon accumulation lagged behind. It emerged that the optimum stocking density 
was 1.77 head ha−1 in the warm-season pasture and 0.72 head ha−1 in the cold- 
season pasture. Almost 100% of the cold-season pasture was overgrazed, compared 
to about 37% in the warm-season. Adjustment of the proportion of seasonal grazing 
area, accelerating livestock turnover, and supplementary feeding during winters 
would be effective approaches to reach sustainable balance of husbandry develop-
ment and ecosystem functions on the Qinghai-Tibetan Plateau.

Keywords Grassland degradation · Grazing exclusion · Optimized grazing 
management · Carbon and livelihood balance · Qinghai-Tibetan Plateau

11.1  Introduction

The Qinghai-Tibetan Plateau, between the Kunlun Mountain and the Himalayas, 
consists of several terranes accreted successively to Eurasia (Dewey et al. 1988). It 
is commonly referred to as “the third pole of the earth” and “the roof of the world”, 
having the highest and largest alpine region in the world and an average altitude of 
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over 4000 m (Huang et al. 2017). The plateau is important for its ecological func-
tions and scientific values due to its unique climate and vegetation and contains the 
main sources of many major rivers (such as Yangtze river, Yellow river and Lancang 
river). Xie et  al. (2003) evaluated the ecological assets of the Qinghai- Tibetan 
Plateau noting six categories: forest, grassland, farmland, wetland, water body and 
desert. The total ecosystem services of the plateau were valued at 936.3 billion yuan 
per year, accounting for 17.7% of the total in China and 0.61% of the world. 
Grassland is the dominant ecosystem type, occupying over 70% of the total land 
area of the plateau, and contributes most of the ecological services (48.3%, Xie 
et al. 2003). A highly various and harsh climate is typical (Wang et al. 2016), with 
cool and short summers (i.e. growing seasons), and severe, cold and long winters 
(i.e. non-growing seasons). Snowstorms are frequent and destructive and can cause 
a large loss of livestock (Gao and Qiu 2011; Wang et al. 2013, 2016).

Although the climate is extremely harsh for livestock grazing, the alpine grass-
land is one of the most favorable grazing lands for livestock in Asia (Miller 1990). 
Therefore, livestock grazing plays a crucial role in the livelihoods of the pastoralists 
on the Qinghai-Tibetan Plateau and neighboring highland countries such as Nepal, 
India and Bhutan in the HKH region (Rhode et al. 2007; Wang et al. 2016). The 
people in the region started to raise yaks, sheep and goats in the ancient times. 
Livestock species provide daily sustenance in the form of milk products, meat and 
occasionally blood, daily necessities and ornaments in the form of hair, furs, horns 
and skulls, and dung as fuel (mainly from yaks). The pastoralists also trade livestock 
products with neighboring farmers, merchants and lamaseries for essentials and 
luxuries not available locally, such as tea, barley, spices and so on (Rhode et al. 
2007). In the spiritual realm, livestock, especially yaks, are central to pastoral and 
cultural rituals and religious festivals (Long et al. 2008) (Fig. 11.1).

Fig. 11.1 Livestock grazing is still the basis for livelihood of the herdsmen today on the Qinghai- 
Tibetan Plateau (Left: photography courtesy of Yanlong Wang; Right photography courtesy of 
Quanmin Dong)
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11.2  The Livestock Species on the Qinghai-Tibetan Plateau

Yaks (Bos grunniens or Poephagus grunniens) and Tibetan sheep (Ovis aries), the 
two most important livestock species, and Tibetan goats (Capra hircus) are the main 
domestic livestock on the plateau. Horses (Equus caballus) are raised for working 
purposes.

Yaks, domesticated by the ancient Qiang people, play an important role in the 
culture and life of the local residents (Miller 1990; Wiener et al. 2006). Cai (1992) 
classified the Chinese yak into the Qinghai Tibetan Plateau and the Hengduan 
Alpine types, which are based on geographic and topographic parameters, as well 
as morphological and physiological characteristics. There are 12 officially recog-
nized breeds of domestic yak in China according to the Animal Genetic Resources 
in China, Bovines (2011). The yak is multiple purpose, providing milk, meat, hair 
and wool, leather, working as a draught animal (packing, riding, and ploughing) and 
dung–as an important fuel and building material. Yak milk and meat are both of high 
quality but of low production compared to cattle; the milk is rich in protein, fat, 
lactose, mineral elements and essential amino acids, and the meat contains high 
contents of protein and essential amino acids, low content of fat and cholesterol 
(Long et al. 2008). There are 14–15 million domestic yaks worldwide, of which 
more than 90% are in China, and the rest are in the bordering highland countries 
including Nepal, India, Bhutan, Mongolia and Russia (Wiener et al. 2006; Rhode 
et al. 2007).

Tibetan sheep, with a population of over 50 million, also provide meat, milk and 
economic benefits for local residents on the plateau (Xin et  al. 2011). However, 
Tibetan sheep have always been “trapped” in a vicious cycle which is described by 
the locals as “strong in summer, fat in autumn, emaciated in winter, weak in spring” 
(Dong et al. 2003) due to the very short growing season of forage, and harsh climate 
(Fig. 11.2).

Fig. 11.2 Yak and Tibetan sheep are the main domestic livestock on the Qinghai-Tibetan plateau 
(Photography courtesy of Yanlong Wang)
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11.3  Grazing Systems on the Qinghai-Tibetan Plateau

It is estimated that the pastoralists have been raising livestock for at least 4000 years 
on the Qinghai-Tibetan Plateau. The traditional transhumant herding (Huang et al. 
2017), the main grazing management in the area, uses several systems depending on 
weather, forage availability and productivity, topography and cultures (Long et al. 
2008). A common system is dividing the grassland into summer–autumn pasture 
from June to October, and winter-spring pasture from November to the next May 
(Huang et al. 2017). Besides the two-season system, there are also three types of 
three-season system: (1) summer pasture, winter pasture and autumn–spring pas-
ture; (2) summer pasture, autumn pasture and winter–spring pasture; and (3) sum-
mer–autumn pasture, winter pasture and spring pasture (Long et al. 2008) (Fig. 11.3).

11.4  Historical Vicissitude of Grassland Property Rights 
and Ownership on the Qinghai-Tibetan Plateau

The institutional framework of livestock husbandry on the Qinghai-Tibetan Plateau 
has been undergoing fundamental changes since the middle of the last century 
(Huang et al. 2017). Before the founding of the People’s Republic of China, the 
local feudal landlords, including monasteries, aristocracy, and government officials 
owned the grassland. The boundaries of grassland among “landlords” were usually 
natural features, such as mountain ridges and streams. There was no common pas-
ture and the landlords were responsible for their own gains and losses (Ma 2007; Li 
2012).

The first huge change in grassland property rights occurred in the 1950s when 
land reform policy was implemented throughout the China. The grassland was 
nationalized by transferring ownership form the feudal lords to the collective or the 
states. However, this grassland property rights and ownership transformation was 

Fig. 11.3 The herdsmen usually reside by the water and grass, along with moving their livestock 
(Photography courtesy of Quanmin Dong)
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not completely realized until the late 1950s and 1960s when the people’s communes 
were established. Within these political and economic reforms, all livestock and 
grassland were shared by all the households. The new system undermined the herds-
men’s work enthusiasm and reduced the grassland productivity in the long term, 
although it had positive impacts on the national stability and economics in the early 
stage, as did the land reform policies in other parts of China (Guo and Ma 2005; Li 
and Huntsinger 2011).

In 1984, the Household Responsibility System (HRS), reasserted the household 
as the basic unit of production and decision-making. It was introduced from the 
Chinese agriculture sector to the grasslands, and it was covered in the China’s 
Grassland Law which was promulgated in 1985 (Ma 2007). The livestock was 
divided equally among households based on household size, but the state still main-
tained the ownership of the grassland. Though this new policy stimulated the herds-
men’s work incentives and increased productivity in husbandry, it brought serious 
grassland degradation (Foggin 2000; Ma 2007), which could be identified as a 
“tragedy of the commons” (Hardin 1968).

To prevent grassland degradation and improve its functions and productivity, the 
second round of the grassland HRS was implemented from 1994. The grassland was 
inventoried and classified according to the forage quality, and then divided and con-
tracted to households based on livestock size. The contractual duration of grassland 
use rights of the households can be as long as 30 years, and in some special circum-
stances even up to 50 years. Furthermore, two new options of grassland manage-
ment emerged within the grassland HRS, which were grounded in voluntarily 
actions and in which the members were usually relatives or neighbors. In the first 
option, the “household cooperative groups”, the members use their summer–autumn 
pastures together and fence them as a whole. In the second option the members 
transfer or lease grassland use rights. The grassland use rights are rented by oral or 
written contract and the negotiated price is based on grassland quality (Huang et al. 
2017).

The grassland property rights and livestock ownership have evolved along with 
the political regimes change, the technical advances and the development require-
ments of the state and the local herdsmen. It reflects the continuous exploration of 
achieving the balance between husbandry development and stability of ecosystems 
by the local governments and herdsmen on the Qinghai-Tibetan Plateau.

11.5  The Current Situation of Livestock Grazing 
on the Qinghai-Tibetan Plateau

As a global concern, “grassland degradation” causes serious consequences to both 
natural ecosystems and human society (Harris 2010). The grassland on the Qinghai- 
Tibetan Plateau has been undergoing degradation to various degrees (Akiyama and 
Kawamura 2007; Dong et  al. 2013; Zhang 2008; Liu et  al. 2018), with climatic 
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changes and overgrazing considered the two main causes (Huang et  al. 2017). 
Overgrazing causes decreased species richness and diversity, and reduced biomass 
of plant species preferred by livestock (Zhu et al. 2006), and adversely affects soil 
physics, soil water content (Dong et al. 2006), soil chemistry (Dong et al. 2012b) 
and ecosystem function at various spatial-temporal scales. Some researchers also 
theorized that the breakdown of traditional nomadism may be a reason (Foggin and 
Torrance-Foggin 2011; Huang et al. 2017). For centuries, the local herdsmen prac-
ticed transhumant pastoralism on the Qinghai-Tibetan Plateau (Miller 1990), and 
usually resided by the water and grass (zhushuicaoerju), along with moving their 
livestock. However, they now live in settlements, or semi-settlements, since the 
1990s (Long et al. 2008; Cao et al. 2018).

11.6  The Influence of Grazing Exclusion on Plant 
Community and the Carbon Cycle

To earn higher incomes, the local herdsmen increased livestock numbers, although 
this can bring economic benefits in the short term, it does not meet the requirements 
for sustainable grassland-based animal production in the long term (Ren et  al. 
2008). To restore the degraded grasslands and to protect grassland resources, the 
Chinese government started the national ecological program of “Returning grazing 
land to grassland” in temperate and alpine grasslands throughout northern China in 
2003 (Xiong et al. 2014).

Grazing exclusion is one of the simple and effective restoration approaches that has 
been applied widely on the Qinghai-Tibetan Plateau, and has proven to be effective for 
grassland recovery (Ma et al. 2016; Zhao et al. 2016a; Liu et al. 2018). The positive 
impact of grazing exclusion on the plant community total coverage, plant height and 
biomass (both aboveground and belowground) was reported in different locations of 
the plateau (Wu et al. 2010; Xiong et al. 2014; Zhao et al. 2016b). However, the influ-
ence of grazing exclusion on the soil carbon pools and the carbon fluxes differed 
among studies (Wu et al. 2010; Lu et al. 2015a, b; Zhao et al. 2016a, b).

Ecosystem respiration, which is controlled by plant biomass, soil microbial bio-
mass and abiotic factors such as temperature and moisture (Wan and Luo 2003; 
Saito et al. 2009; Lin et al. 2011), is a major CO2 efflux from terrestrial ecosystems 
to the atmosphere (Davidson et al. 2006). Grazing exclusion’s influence on ecosys-
tem respiration is affected by vegetation type, grazing history, climatic factors and 
other environmental factors, since livestock grazing has comprehensive effects on 
these biotic and abiotic variables of the grassland. Zhao et al. (2016b) observed that 
7-years grazing exclusion promoted ecosystem respiration in the alpine meadow 
and alpine steppe but depressed it in the swamp meadow on the central Tibetan 
Plateau. They also reported that even within the same vegetation, the stimulation of 
grazing exclusion on ecosystem respiration decreased along increasing altitudes 
(Zhao et al. 2016a), and that changes in plant biomass rather than soil organic car-
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bon content made the major contribution. As the largest CO2 efflux from the soil to 
the atmosphere, changes of soil respiration under disturbances could have a sub-
stantial contribution to atmospheric CO2 concentration.

Though grazing exclusion depressed soil respiration by decreasing soil carbon 
release, which was due to low soil temperate, it also increased the temperature sen-
sitivity of soil respiration. Therefore, grazing exclusion may have the potential to 
accelerate soil carbon release under future climate warming despite the reduction in 
soil CO2 efflux at the early-stage (Ma et al. 2016). Lu et al. (2015a) investigated the 
carbon storage in plant and soil of three alpine grassland types after 6–8 years of 
grazing exclusion in Tibet. The impact of grazing exclusion on carbon storage 
depended on vegetation type and differed between plant and soil. Grazing exclusion 
increased the aboveground biomass carbon storage in the alpine steppe and alpine 
desert steppe, had no effect in alpine meadow, and it decreased surface soil carbon 
storage (0–10 cm) in the alpine meadow and alpine desert steppe.

An analysis of the effect of grazing exclusion on grasslands across northern 
China (Hu et  al. 2016) concluded that carbon dynamics in both plants and soil 
depended greatly on the duration of exclusion, and resulted in an increase in 
1–3 years, moderate increase in 4–15 years, but marginal increase when longer than 
15 years. In addition, the accumulation of soil carbon lagged behind the enhance-
ment of plant biomass.

11.7  Optimizing Livestock Grazing Intensity on the Qinghai- 
Tibetan Plateau

Jones and Sandland (1974) generated a simple linear regression model for the rela-
tionship between animal liveweight gain (Ya) and grazing intensity (i.e. stocking 
rate) (x).

 Y xa = −a b  (Eq. 10.1)

where a, the intercept, indicates the forage quality of a pasture or the maximum 
potential production per animal on a pasture, and b, the slope, indicates the spatial 
stability and the resilience of a pasture or the change of liveweight along with graz-
ing intensity; and a quadratic model to describe the relation between liveweight gain 
per hectare (Yh) and grazing intensity (x):

 Y x x ,h = −a b 2

 (Eq. 10.2)

from which an optimum grazing intensity (x = a/2b) can be calculated (Fig. 11.4).
Jones and Sandland (1974) tested the models through 33 grazing intensity exper-

iments across different vegetation types from tropical to temperate, and confirmed 
that the negative linear relationship between liveweight gain per animal and grazing 
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intensity held over a wide range of grazing intensities, and the maximum gain per 
hectare (Yhmax) occurred when grazing intensity (x) was a/2b. Several subsequent 
studies confirmed the relations between livestock gain and grazing intensity through 
grazing experiments across a wide range of vegetation types (Wilson 1986; Zhou 
et al. 1995; Dong et al. 2015).

As local herdsmen depend on livestock production on the Qinghai-Tibetan 
Plateau, an optimum livestock grazing management is urgently required to balance 
the livestock production and the sustainability of grassland resources.

To explore the optimum grazing intensity in the Three-River-Source region of 
the Qinghai-Tibetan Plateau, a yak grazing experiment was carried out by the 
authors (Dong et al. 2015) from 1998 to 2000 in Wosai Township of Dari County, 
Tibetan Autonomous Prefecture of Golog in Qinghai Province. The study site is a 
typical alpine meadow, with an average altitude of 4000 m, and is characterized by 
a continental monsoon-type climate, with long and cold winter (referred to as cold- 
season) and short and cool summer (referred to as warm-season). The pastures were 
grazed traditionally on the two-season system (see text 3.)

The grazing experiment included three grazing intensities, and the grazing inten-
sity used by the local herdsman near the experiment site (referred as native grazing 
intensity based on Dong et al. 2015), to establish the models (Table 11.1). Both the 
intercept a1 (71.86) and slope b1 (20.33) in the warm-season pasture were higher 

Fig. 11.4 The relation of grazing intensity and livestock weight gain per animal (Ya = a − bx) and 
per hectare (Yh = ax − bx2). Ratio of grazing intensity means the ratio of grazing intensity to the 
optimum grazing intensity; Ratio of weight gain per animal means the ratio of weight gain per ani-
mal to weight gain per  animal at the optimum grazing intensity; and Ratio of weight gain per 
hectare means the ratio of weight gain ha−1 to weight gain ha−1 at the optimum grazing intensity 
(Redrawn based on Jones and Sandland 1974)
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than a2 (24.53) and b2 (16.93) of the cold-season pasture (Table 11.2). Based on the 
theory of Jones (1981), a represents the nutrient level of the pasture, and b represents 
the spatial stability and resilience of the pasture. The warm-season pasture had a 
much higher livestock carrying capacity than the cold-season pasture, whilst the two 
pastures were similar in grassland recovery. The lower value of a in the cold- season 
pasture could be explained by the grazing activity occurring in the non- growing 
season when the forage was withering. The optimal grazing intensity (i.e. the maxi-
mum yak liveweight gain grazing intensity) was 1.77 head ha−1 in the warm-season, 
0.72 head ha−1 in the cold-season pasture, and 0.64 head ha−1 for the annual pasture 
(Table 11.3). Accordingly, the maximum carrying capacity for the three pastures 
were 3.54 head ha−1, 1.44 head ha−1 and 1.28 head ha−1 respectively. The ratio of 
warm-season to cold-season in the optimum grazing intensity was 2.46:1.

We also examined the impact of grazing intensity on plant compensatory growth 
by measuring the aboveground productivity and plant growth ratio (Dong et  al. 
2012a). Yak grazing at each intensity stimulated plant growth, and the compensa-
tory growth was higher under light and moderate grazing, in the warm-season pas-
ture. However, plant compensatory growth was not observed in the cold-season 
pasture. It could be partly explained by the lack of direct stimulation of yak forag-
ing, such as the effect of yak saliva as a growth stimulant (McNaughton 1985), since 
plant growth and yak grazing did not occur at the same time in the cold-season 
pasture. Even though the plant compensatory growth could not be examined under 
the optimum grazing intensity, since this intensity was not included in the experi-
ment, the positive influence of grazing on plant growth could be expected under the 
optimum grazing intensity (1.77 head ha−1), which was lower than the heavy graz-
ing intensity (2.08 head ha−1) in the warm-season pasture.

The actual grazing intensities on the alpine meadow of 18 counties and six townships 
across the Three-River-Source region over the same period were examined. Widespread 
overgrazing existed, but the overgrazing differed between seasons; 100% of the cold-
season pastures was overgrazed, but only 37.5% of the warm- season pastures was over-
grazed (Fig. 11.5). In addition, 96% of the cold-season pastures were over the pastures’ 
maximum carrying capacity (Fig. 11.5). Therefore, grazing pressure should be reduced 
during the cold-season pastures by accelerating livestock turnover and supplementary 
feeding, as well as by adjusting the proportion of seasonal pasture areas.

Table 11.1 Grazing intensities of the yak experiment in an alpine meadow in the Three-River- 
Source region of Qinghai-Tibetan Plateau

Treatment
Grazing intensity (head yak ha−1)
Warm-season pasture Cold-season pasture

Control (no grazing) 0 0
Light grazing 0.89 0.77
Moderate grazing 1.45 1.29
Heavy grazing 2.08 1.81
Native grazing 2.50 2.30

Redrawn based on Dong et al. (2015)
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Table 11.3 Optimum grazing intensity and pasture maximum carrying capacity for warm-season 
pasture, cold-season pasture and the whole year during the grazing experiment on an alpine 
meadow in the Three-River-Source region of Qinghai-Tibetan Plateau

Optimum grazing intensity (head 
ha−1)

Maximum carrying capacity (head 
ha−1)

Warm-season 
pasture

1.77 3.54

Cold-season pasture 0.72 1.44
The whole year 0.64 1.28

Redrawn based on Dong et al. (2015)
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Fig. 11.5 Grazing intensities in alpine meadows of 18 counties and six townships across Three- 
River- Source region from 1998 to 2000. (a) warm-season pasture, (b) cold-season pasture 
(Redrawn based on Dong et al. 2015)
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11.8  Conclusion

The alpine grassland on the Qinghai-Tibetan Plateau is one of the most favorable 
grazing lands in Asia, in spite of the extremely harsh environment. Livestock hus-
bandry has been undergoing fundamental changes since the middle of the twentieth 
century. The grassland property rights and livestock ownership have evolved with 
political regime changes, technical advances and development requirements of the 
state and local herdsmen. Changes have attempted to balance the win-win situation 
of husbandry development and ecological protection. However, the grasslands have 
been undergoing degradation to various extents mainly due to overgrazing. On the 
one hand, to restore the degraded grassland and protect grassland resources, the 
Chinese government implemented the national ecological program of “Returning 
grazing land to grassland”.

Grazing exclusion with fencing, as the main approach, was used widely and has 
proven to be very effective for grassland recovery. Grazing exclusion stimulated 
plant growth at the early stage, however its effect on soil properties (such as soil 
carbon accumulation) lagged behind. On the other hand, an optimum grazing man-
agement option which could achieve the balance between livestock production and 
grassland sustainability would be beneficial to both economic development and 
ecological protection in the long run. Based on a yak grazing experiment and on the 
actual grazing intensity on the alpine meadow in the Three-River-Source region, 
almost 100% of the cold-season pasture was overgrazed, compared to about 37% in 
the warm-season. Adjustment of the proportion of seasonal grazing area, accelerat-
ing livestock turnover, as well as supplementary feeding during winters could be 
effective approaches to reach the balance of husbandry development and stability of 
the ecosystems on the Qinghai-Tibetan Plateau.
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Abstract Under the pressure of human population growth, resource exploitation 
and over grazing, the pasture in the Hindu Kush-Himalayan region (HKH) is dete-
riorating fast, which seriously affects the social and economic development and 
carbon fixation. Artificial grasslands a powerful and effective way to achieve it. It 
not only increases the carbon sink of the ecosystem by increasing the leaf area and 
the light energy utilization rate of the plant and solves the problem of carbon leak-
age to increase the carbon storage quantity of the grassland ecosystem, but also 
increases the grassland biomass for livestock’s forage supply, that improves the liv-
ing standards of pastoralists and promotes social and economic development. 
Therefore, reasonable pasture management, such as appropriate mix of plant spe-
cies and livestock breeds, fertilization, irrigation, poison weed control and rats and 
pests control are equally important in keeping balance between ecological function 
and livelihood for pastoral system in HKH region.
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12.1  Introduction

Grassland is the most important land cover type in the Hindu Kush-Himalayan 
region (HKH). The area of natural alpine grassland is 1.28 × 108 hm2, 51% of the 
HKH. The ecosystem service value accounts for 48% of the total service value of 
the HKH ecosystem, and accounts for 17.7% of China’s grassland ecosystem ser-
vice value (Xie et al. 2003a, b). In terms of ecosystem service value, gas regulation 
and climate regulation together account for 11.0%, with food production, raw mate-
rials, and entertainment culture related to human production and living accounting 
directly for about 14.6% of the total (Xie et al. 2003a, b). In the value of the ecologi-
cal services of gas and climate regulation, the holding effect of carbon is the most 
important. Grassland soil organic matter on the HKH contains 33.5  pg carbon, 
23.4% of China’s soil organic carbon reserves, and about 2.5% of the global soil 
carbon pool (Wang et  al. 2002). The pastoral population’s economic income is 
almost entirely from livestock products. The development of the grassland ecosys-
tem in the HKH is crucial to maintaining the global carbon cycle, promoting regional 
economic development, and improving the people’s livelihood. Most grassland eco-
system of the HKH is located in China and, therefore, China’s grassland policy is 
crucial for the development of grassland in the HKH. The following discussion on 
grassland related research and development strategies in the HKH will also focus on 
the Chinese territory.

Subject to the harsh natural environment, grassland ecosystems in the HKH are 
relatively fragile and sensitive to various types of disturbances. In recent years, due 
to population growth, overgrazing, resource development, climate change, and 
rodent damage (Li et  al. 2013), grassland ecosystems in the HKH have been 
degraded extensively. With the intensification of grassland degradation, the above- 
ground biomass and under-ground biomass have decreased, and soil organic carbon 
content has been reduced (Wu et al. 2013). From the perspective of economic devel-
opment and improvement of people’s livelihood, the productivity of degraded 
grassland was reduced, and the carrying capacity of livestock decline. This directly 
leads to a reduction in income for the people in pastoral areas. From the perspective 
of the carbon cycle, the degradation of grassland lead to the release of carbon, 
which lead to the conversion of grassland from a carbon sink to a carbon source 
(Wang et al. 2005a, b; Abdalla et al. 2018). Due to the unreasonable development 
and utilization, the grassland total carbon stocks in the HKH decreased by 11.5% 
from 1990 to 2000 (Li et al. 2015). The improvement of the herdsmen’s living stan-
dards and the increase in grassland carbon require the restoration of degraded grass-
land ecosystems to guarantee the long-term healthy development of grassland 
ecosystems.

The establishment of artificial or semi-artificial grassland (planting local forage 
seed to build sown grassland) is the most effective way to restore severely degraded 
grassland (Wu et al. 2010; Dong et al. 2013). The establishment of artificial grass-
land can increase grassland above-ground and under-ground biomass (Li et al. 2014), 
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as well as the productivity of heavily degraded grassland. In addition, although the 
soil carbon content of artificial grassland is far less than that of natural non-degraded 
grassland (Wang et al. 2010b; Zhu et al. 2015), the establishment of artificial grass-
land on heavily degraded grassland can steadily increase soil carbon content (Wang 
et al. 2005a, b; Wu et al. 2010; Feng et al. 2010). The restoration of degraded natural 
grassland relying on artificial grassland is not limited to the artificial grassland itself, 
but more important on the restoration of other natural grasslands. The high produc-
tivity of artificial grassland provides forage for livestock, which eases the pressure on 
the natural grassland and is extremely helpful for the recovery of moderately mild 
natural grassland. The restoration of natural grassland also increases its carbon 
sequestration capacity while increasing grassland productivity. This has an important 
role in the production of grassland ecosystems and the improvement of ecological 
functions.

The efficient, long-term and healthy development of the grassland ecosystem is 
also inseparable from the establishment of artificial grassland. With the rapid devel-
opment of China’s social economy, the demand for meat, eggs, and dairy products 
has also gradually increased. The increase in demand for animal husbandry prod-
ucts has stimulated the development of animal husbandry. However, traditional 
nomadic pastoralism can only increase production by increasing the number of live-
stock. This creates an imbalance between supply and demand between grassland 
and storage, which leads to grassland degradation and an unsustainable situation. 
The solution to the problem of grass-storage imbalance is to increase grassland 
productivity. Artificial grassland can produce more than 10 times of biomass per 
unit area than natural grassland (Fang et al. 2016a, b). A certain area of artificial 
grassland can be established to supplement the needs of excess livestock, and at the 
same time, the reduce pressure on natural grassland carrying animals, and protect 
natural grassland while improving the income of herdsmen. The scale and level of 
production of artificial grassland is a measure of the degree of development of ani-
mal husbandry in a country (Li et al. 2016a).

Artificial grassland in livestock husbandry in developed countries or regions has 
received attention, and of the total grassland area in New Zealand, Australia, Europe, 
Canada, and the United States reached 73%, 58%, 50%, 22%, and 9.5%, respec-
tively, while the area of artificial grassland in China accounts for only 3.2% of the 
national grassland area. Artificial grassland in the HKH is far below the level in 
China. The artificial grassland in Qinghai Province, the main province of the HKH, 
is 43.8 × 104 hm2, only 1.04% of the total grassland area of the province (Li et al. 
2016b). Zhang et al. (2016) proposed five development periods of grassland animal 
husbandry, and the grass-roots nutrition pyramid structure is shown in Fig. 12.1. 
Grassland animal husbandry in the HKH is in stage (d), and there is still quite dis-
tant from stage (e) of the ideal animal husbandry development model. The key to the 
transition from (d) to (e) is the establishment of artificial grassland: establish a small 
area of intensive, high-yield artificial grassland to provide forage grass for the 
development of animal husbandry, and rational grazing of large areas of natural 
grassland to maintain natural grassland ecology and production functions.

12 Promoting Artificial Grasslands to Improve Carbon Sequestration and Livelihood…
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12.2  Development Status of Artificial Grassland in HKH

The establishment of artificial grassland in the HKH began in the 1950s. At that 
time, because of the instability of natural grassland production, lack of fodder in 
winter and spring, and the shortage of pastoral animal husbandry productivity, some 
state-owned farms in Qinghai Province introduced perennial pasture (Dong 2013). 
As of 2008, the area of artificial grassland in Qinghai Province reached 702,100 hm2, 
an increase of 21% compared with 1978 and the area of artificial grassland in the 
Tibet Autonomous Region reached 784,800 hm2, an increase of about 15 times com-
pared with 1978. In addition to Qinghai and Tibet, HKH edge areas such as southern 
Gansu (Gannan region) and Qilian Mountains, western Sichuan (Aba and Ganzi 
regions), and southwestern Xinjiang (Pamirs mountain area) are also actively devel-
oping artificial grassland (Table 12.1).

According to the “General Plan for the Conservation, Utilization, and Utilization 
of Grasslands in China”, artificial grassland will reach 1 million hm2 and the area for 
pasturing seed breeding will reach 90,000 hm2 by 2010 (Ministry of Agriculture of 
the People’s Republic of China, 2007). The development of artificial grassland and 
the implementation of ecological replacement (the replacement of natural grassland 
with the benefits of artificial grassland) have become the basic strategies for grass-
land ecological environment and sustainable development of grassland and animal 
husbandry in western China and HKH.  Agriculture on artificial grassland, has 
developed into the main form of grassland agriculture on the HKH (Dong 2013).

Fig. 12.1 The five developmental periods of grassland husbandry and structural schema for their 
trophic pyramid. (a) Prehistoric period of primitive grassland; (b) neolithic period of initial grazing 
grassland; (c) early middle age of nomadism in natural grassland; (d) modern age of over-grazed 
and degraded grassland; and (e) contemporary age of combined system of natural grassland with 
industrial livestock husbandry. (Translated from Zhang et al. 2016)
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The types of artificial grassland are diverse. They can be divided into perennial 
artificial grassland and annual artificial grassland. As to the composition of sowing 
plants, they can be divided into mixed artificial grassland and unicast artificial grass-
land. Unicast artificial grassland is divided mainly into legume grass pasture and 
gramineous pasture (Bai et al. 2016). At present, the annual artificial grassland in the 
HKH is dominated by oat unicast (Xu 2005). Compared with natural grassland, oat 
unicast grass is higher in biomass but shorter in growing period. Besides, the land of 
oat unicast grass is exposed for a long period of time and the soil water loss seri-
ously, which is not conducive to the protection of the ecological environment. 
Therefore, the establishment of perennial artificial grassland is an important approach 
to solve the sustainable development of alpine grassland on the HKH (Gu 2008).

From the aspects of yield, quality and stability, legumes and grasses are the ideal 
combination of perennial artificial grasslands (Wang et al. 2007). However, the low 
air temperature of the HKH has limited the cultivation of perennial forage legumes. 
Grasses are more adapted to the low-temperature and are the main type of artificial 
grassland planted in the HKH. Although perennial unicast grassland can achieve 
high yields, it has poor stability, degrades quickly and the utilization period is short. 
In contrast, the mixed-sowing grassland can avoid the above-mentioned problems 
faced by unicast artificial grasslands while providing a high yield and is more 
 conducive to the sustainable development of animal husbandry and ecological envi-
ronment in high-cold areas (Dong 2001).

Table 12.1 Change of artificial grassland area in Tibetan plateau from 1978 to 2008 (Dong 2013) 
(unit: million hm2)

Province (autonomous region) Area (State) 1978 2006 2007 2008

Qinghai Haibei state 0.40 1.08 1.08 1.08
Huangnan state 0.00 1.10 1.60 1.60
Hainan state 0.00 10.56 8.96 8.96
Guoluo state 0.00 0.04 0.05 0.50
Haixi state 57.37 58.07 58.07 58.07

Tibet Lhasa 0.00 4.52 4.52 3.14
Naqu area 0.00 36.00 36.21 38.09
Changdu area 0.00 0.53 0.53 0.70
Shannan area 0.00 0.07 0.07 0.19
Shigatse area 4.81 27.42 28.83 33.57
Ali area 0.00 2.38 2.38 2.45
Nyingchi area 0.00 0.01 0.01 0.01

Xinjiang Bavaria area 0.03 0.11 0.11 1.70
Gansu Wuwei area 0.00 0.80 0.93 1.23

Jiuquan area 0.03 0.09 0.10 0.67
Gannan state 0.00 5.53 5.06 1.87

Sichuan Aba state 0.00 0.52 0.86 1.14
Ganzi state 0.00 0.00 0.00 4.95
Liangshan state 0.00 1.93 1.85 1.44
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In recent years, Chinese scholars have systematically studied the establishment 
and management of perennial grasses mixed-sowing pastures, including screening 
of mixed-sowing combinations (Dong et al. 2003a, b; Li et al. 2013), mixed-sown 
grassland cleaning (Kou and Hu 2003), cultivation management, and the use of 
management (Dong et al. 2007), which provides technical support for the sustain-
able development of mixed perennial artificial grassland. Artificial grassland in the 
HKH is moving towards scale, industrialization, and scientific development.

12.3  Promotion of Artificial Grassland to Strengthen Carbon 
Fixation in the HKH

Grassland accounts for about one-third of the global land area and is an important 
global carbon sink (Fang et al. 2010). It stores more than 34% of the carbon in the 
global terrestrial ecosystem and plays a key role in maintaining the balance of the 
global carbon cycle (Scurlock and Hall 1998; Cheng et al. 2011). The total carbon 
storage in the global grassland ecosystem is approximately 308 pg. Plants, litter, and 
soil constitute the three major carbon pools of grassland ecosystems (Qi et al. 2003), 
of which about 92% is stored in soil (Schuman et al. 2002), and in the alpine grass-
land it is as much as 95% (Zhang and Liu 2010). Small changes in soil carbon pools 
have an important impact on atmospheric carbon dioxide concentration. Grassland 
soil carbon pool storage and its changes and regulatory mechanisms are the core of 
grassland carbon cycle research (Qi et al. 2003).

Because of high altitude, low temperature, and weak microbial activity, decom-
position of plant litter in alpine meadows is slow. Soil organic matter accumulates 
year by year and becomes a major carbon pool (Wang et al. 2006). The total carbon 
stock in the grassland of China about 44.1 pg, which accounting for 54.5% in the 
high-cold grassland area. And More than 40% occurs in the alpine meadow and 
alpine grassland ecosystem (Jian 2002). Ecosystems at high altitudes are very sensi-
tive to global climate change. Therefore, changes in carbon storage in the HKH have 
become a hot topic in the study of the earth’s carbon cycle.

However, the current trend of changes in grassland carbon storage in the HKH 
is still controversial. Li et al. (2015) estimated that total carbon stocks in the HKH 
fell by 11.5% from 1990 to 2000, while Piao et  al. (2017) showed that carbon 
stocks increased by 13.0% between 1982 and 1999. However, regardless of the 
overall development of grassland carbon stocks in the HKH, grassland degradation 
and the resulting decline in grassland carbon stocks are unquestionable. According 
to existing research, artificial grassland is significant for rehabilitating severely 
degraded grasslands and even of mild to moderately degraded grasslands. The con-
tribution of artificial grassland in the HKH to carbon sequestration is vital as is the 
increase in carbon sequestration brought about by the restoration of degraded 
grassland.
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12.3.1  Carbon Sequestration of Artificial Grassland

Carbon sequestration of artificial grassland can be divided into two parts. The first 
is the absorption of CO2 during the plant’s growth and the carbon transport from the 
plant to the soil. The source of soil organic carbon is mainly the decomposition of 
plant residual roots and litter layers. Regarding carbon sequestration of artificial 
grasslands overall, many current studies consider artificial grasslands as CO2 sinks 
(Su et al. 2013; Jones et al. 2005). Zhao et al.’s research on the Elymus nutans arti-
ficial grassland in the Three-River headwaters region showed that it was a carbon 
sink with an annual carbon fixation capacity of approximately 49.4 g·m−2 (Zhao 
et al. 2008). Separately, due to human management, artificial grassland plants are 
less subject to natural stress, and their productivity is 2.7–12.1 times higher than 
that of natural grassland (Shen et al. 2016).

The strong carbon sequestration capacity of artificial grassland vegetation is 
obvious. However, artificial grassland has a good recovery effect on above-ground 
vegetation, but the recovery of under-ground biomass is not ideal (Li et al. 2016b). 
The transfer of carbon from the root system to the soil is limited. In addition, the 
greater the harvest intensity of artificial grassland, the greater the cumulative effect 
of soil carbon transport through plant litter pathways. The key to the conversion of 
carbon source and sink function of artificial grassland is the change of soil carbon 
storage after artificial grassland establishment, which depends on the contribution 
of artificial grassland to soil carbon.

Soil carbon sequestration capacity of artificial grassland is mainly related to 
years of grass planting (Li et al. 2013) and grassland vegetation types (Zhang et al. 
2013). In general, long-term farming will lead to a continuous reduction of soil 
organic carbon, which will change from a carbon pool to a carbon source (Li et al. 
2006). This is mainly due to the increased soil permeability and water holding 
capacity by reclamation, which intensifies microbial activity in the soil and acceler-
ates the decomposition of plant residues in the soil. However, artificial grassland 
cultivation, especially of perennial herbs, does not require annual plowing. With the 
increase in the number of years of planting, the soil becomes tight and microbial 
activities are gradually limited. Therefore, the loss of soil carbon is limited mostly 
to the initial stage of establishment. While soil respiration intensity decreases, the 
artificial grassland plants gradually transfer carbon to the soil through the roots, and 
the soil carbon content gradually accumulates.

Some studies have pointed out that the cultivation period of Medicago sativa 
artificial grassland has a significant positive correlation with soil organic carbon 
content (Li et al. 2013; Potter et al. 1999). It should be noted that for mowing artifi-
cial grassland, high-strength mowing reduces the transport of litter to soil carbon, 
leading to a decrease in soil organic carbon (Wang 2007). The relationship between 
forage grass carbon sequestration and grassland vegetation types can be summa-
rized as follows: legume and grass mixed  >  perennial legume  >  perennial 
grass > annual grass (Zhang et al. 2013). Leguminous plants have strong nitrogen- 
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fixing capacity and relatively less nutrient stress, resulting in stronger carbon 
sequestration capacity. However, from the perspective of the root system, the fibrous 
root system of Gramineae dominates the output of soil organic matter compared 
with the root system of leguminous plants. Therefore, mutual assistance between 
them can produce a stronger carbon fixation effect. Species diversity or richness can 
characterize mutual assistance among plants.

Wang et  al. (2015) found that there was a positive correlation between plant 
diversity and primary soil productivity and carbon storage in alpine grasslands. 
Zhao et  al. (2015), in a study of natural alpine meadows, concluded that carbon 
sequestration capacity of the soil depends, in part, on species richness. In research 
on artificial grassland, Xu et al. stated that species richness determines ecosystem 
carbon storage (Xu et  al. 2017). Compared with unicast artificial grassland, the 
mixed artificial grassland has higher species diversity and a relatively more stable 
community structure, which enhances grassland community stability and stress 
resistance (Tilman and Downing 1994), so that the carbon fixation capacity can also 
be strengthened.

The conversion of soil carbon source and sink function after artificial grassland 
establishment is not only affected by the carbon sequestration capacity of artificial 
grassland, but also depends on the soil carbon stocks in the established land. Some 
studies showed that, compared with different degrees of degraded natural grass-
land, artificial grassland had the lowest soil organic carbon storage (Dong et  al. 
2012) while some studies showed that the soil organic carbon stock of artificial 
grassland was higher than that of seriously degraded grassland (Wang et al. 2005a, 
b; Li et al. 2013). Zhu et al. (2015) reported that soil organic carbon decreased by 
14.5% from alpine meadows to artificial grassland, and by 53% from degraded to 
bare land. As the degree of degraded grassland increases, soil carbon stocks 
decrease (Li et al. 2013; Yang et al. 2014), so the carbon release by the establish-
ment of artificial grassland on heavily degraded grassland is undoubtedly the 
lowest.

Artificial grassland is a carbon source or carbon sink that depends strongly on 
grassland management. Improvement of grassland management is a vital consider-
ation when computing the national carbon budget for Australia. Many management 
techniques sequester atmosphere carbon. Conant et  al. (2001) reviewed manage-
ment method of improving grassland carbon stock, that including fertilization, 
improved grazing management, cultivation transformation and native vegetation, 
planting leguminous plants and grass, earthworm introduction and irrigation. Soil 
carbon content and concentration increased 74% by management totally, which 
suggested that grassland soil organic carbon is strongly influenced by management, 
improve grassland management and increase primary production and soil carbon 
stocks by eliminating soil disturbance (Conant et al. 2001).
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12.3.2  The Effect of Carbon Fixation on Natural Grassland 
Restoration

The contribution of artificial grassland to carbon sequestration capacity cannot be 
limited only to artificial grassland as we cannot neglect the spatial compensation of 
grassland carbon sequestration. The level of carbon sequestration in artificial soils and 
severely degraded natural grasslands are controversial (Zhang et al. 2013), but there is 
a huge gap between the two compared to non-degraded natural grassland. Wang et al. 
(2005a, b) found that the organic carbon content of the heavily degraded grassland in 
the 0–20 cm soil layer was only 57% of the non-degraded grassland on the alpine 
meadows of the Tibetan plateau. Lin et al.’s study on the degradation succession series 
of alpine meadow grass found that in the 0-40 cm soil layer, soil organic carbon con-
tent in the non-degraded grassland was about twice that of the heavily degraded grass-
land (Li et al. 2013). The grassland degradation rate on the HKH is as high as 41%.

The contribution of degraded grassland’s restoration to soil carbon accumulation 
is large. The significance Carbon fixation in artificial grassland is important in reliev-
ing and reversing the declining trend of natural grassland carbon stocks. But to use 
this function of artificial grassland cannot be done without appropriate management.

The main factors affecting soil organic carbon content generally include climate, 
plant species composition, soil microbial activity intensity, and human activities 
such as reclamation and raising livestock. Human management and grazing inten-
sity are important factors affecting the carbon content of grassland vegetation (Yang 
et al. 2014). Consistent with Yang et al. (2014) observations, Schuman et al. (2002) 
also believe that land use change and land degradation have important effects on the 
carbon balance between the atmosphere and soil, and land use patterns and intensity 
are the key factors for the conversion of system carbon sources and sinks. Wang 
et al. (2011) estimated that by the year 2020, with the implementation of approxi-
mately 150 million hm2 of fenced grassland and 30 million hm2 of artificial grass-
land, the Chinese grassland will fix 0.24 Pg carbon per year. Activities such as 
grazing and enclosure will have a strong impact on grassland biomass, soil carbon 
pools and their dynamic changes (Fang et al. 2010).

The transformation of grassland carbon sources and sinks is ultimately due to 
human management. Over-grazing will greatly reduce grassland vegetation and soil-
fixed carbon. In alpine meadows in the Aba pastoral area of Sichuan, soil organic 
carbon reserves decrease as grassland grazing intensity increases (Yang et al. 2014). 
However, due to the compensatory or over-compensated growth characteristics of 
plants after they have been damaged (Dong et al. 2006), mild and moderate grazing 
can stimulate pasture growth. In addition, plant species composition has an impor-
tant influence on the spatial and temporal distribution of above- ground biomass 
(Durante et al. 2017). Moderate disturbances produce the highest biodiversity and 
over-grazing leads to a decrease in the diversity of grassland vegetation species.

The greater number of plant species, the more stable the above-ground biomass 
production of ecosystem plants (Tilman and Downing 1994). Choosing an appropriate 
grazing intensity and time of fencing has important implications for the improvement 
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of plant carbon sequestration capacity of the entire system (Qi et al. 2003). Without 
prejudice to the steady development of animal husbandry, grassland enclosure and 
rational grazing cannot be separated from the establishment of artificial grassland.

12.4  Promotion of Artificial Grassland to Improve People’s 
Livelihood in the HKH

Livestock size and carrying capacity of the pasture affect the livelihood of local 
herders. For centuries, grazing has been the main form of land use on the HKH and 
animal husbandry has been the backbone of the regional. Any prerequisite to 
improve pastoralist income or pasture productivity requires a good understanding of 
the linkages between existing systems and components (Squires et al. 2010). The 
original grassland system can be composed of three parts: pastoralists, livestock and 
grassland. Due to religious beliefs, the herdsmen’s focus on maintaining the balance 
between the three, and their willingness to improve material life is not strong. 
Nowadays, with the development of a market-oriented economy, the consumer is no 
longer limited to herdsmen but extends to the entire consumer market.

With the rapid development of social economy in recent decades, the demand for 
material culture has also increased, in particular, for foods such as meat and dairy 
products and for clothing such as leather and wool products. Yak, Tibetan sheep and 
Tibetan goats are the main livestock in the HKH and their products such as meat, 
milk and wool are the main sources of income (Long et al. 2008). The increase in 
the demand for animal products has stimulated an increase in livestock carrying 
capacity on grassland in the HKH. The imbalance between grass and livestock leads 
to grassland degradation and declining productivity of the grassland. The most 
prominent manifestation of grass-storage imbalances is in the winter and spring. 
Due to lack of forage, livestock die in large numbers in the face of cold weather, 
resulting in economic losses to pastoralists. The performance of livestock in the four 
seasons is: strong in summer, fat in autumn, thin in winter and weak or dead in 
spring.

The mitigation of land degradation and poverty alleviation in China’s pastoral 
areas (two closely linked issues) depend on the interaction between socio-economic 
and biophysical factors. Poor people do not destroy the environment intentionally, 
but often lack resources to avoid environmental degradation (Squires et al. 2010). 
The key to the lack of resources can be solved through the establishment of artificial 
grassland. Grass cultivation and livestock raising, establishment of stable and high- 
yielding artificial grassland, and insufficient forage supplement are important ways 
to solve the imbalance of grass-animal season imbalance and to guarantee the 
 nutritional needs of grazing livestock in the cold season (Wang et al. 2010a). Fang 
et al. estimated that if 10% of the grassland with good hydrothermal conditions is 
used to establish intensive artificial grassland and its productivity is raised to the 
average level of arable land, then China’s grassland can increase the biological out-
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put annually by 3.7 × 108 t, which is more than grass production in all existing grass-
lands (Fang et al. 2016b). This can greatly increase the livestock population and 
living standards in pastoral areas.

In addition to the direct income from the increase in animal production, artificial 
grassland can also improve people’s living standards in pastoral areas through other 
indirect ways. For example, the reduction of grazing pressure in natural grassland 
reduces the degree of grassland degradation, increases the ornamental nature of 
natural grasslands and is conducive to the development of regional tourism. Intensive 
grassland animal husbandry can also liberate part of the labor force, allowing some 
herdsmen to seek work elsewhere and increase their sources of income.

12.5  Problems Facing the Establishment of Artificial 
Grassland in the HKH

Artificial grassland is the fundamental way to increase the carbon fixation of the overall 
grassland ecosystem and improve the people’s living standards in the region. However, 
there are still many problems in the promotion and development of artificial grassland 
in the HKH. The key to promoting artificial grassland to larger regions lies in the trans-
formation of herdsmen’s ideas and land management models. The problem of grass-
land degradation is a major issue facing the establishment of artificial grassland.

12.5.1  The Change of Herdsmen’s Ideas and Land 
Management Patterns

Due to the adverse climate and geographical environment, the level of overall cul-
tural education in the HKH is relatively low, especially in pastoral areas. The inhab-
itants are more inclined to follow traditional experience to solve the problems 
encountered. However, in recent decades, the HKH has undergone rapid develop-
ment and has encountered new problems. Traditional experience is no longer suffi-
cient to solve many of the problems. There is a lack of ideas for the management of 
grasslands. When addressing the problem of grassland degradation, China has fol-
lowed the “packaged-to-household” model that has achieved remarkable results in 
rural areas and has allocated grasslands to households.

Therefore, in the promotion of artificial grassland, the problems of non-support 
and non-cooperation among some herdsmen are often encountered. This can affect 
the establishment of artificial grassland in the entire region, which constitutes an 
obstacle to the construction of large-scale artificial grassland and, ultimately, 
increases costs. This requires the government to increase information on artificial 
grassland establishment while carrying out pilot work to enable herders to recog-
nize the advantages of artificial grassland. It is also necessary to promote the trans-
formation of the land management model and provide institutional support for 
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collective decision-making. Fundamentally, it is necessary to increase investment in 
educational resources in pastoral areas so that pastoralists can effectively share the 
educational dividend brought about by social development.

12.5.2  Degradation of Artificial Grassland

Livestock-artificial grassland interaction is divided into grazing artificial grassland, 
mowing artificial grassland, and grazing and pasturing artificial grassland (Zhang 
and Liu 2004). The three different forms of grassland use have a common feature, 
that is, they continuously provide nutrients and propagation components and remove 
nutrients. After completion, there is often a decline in productivity within a few 
years (Shang et al. 2008). The reason for artificial grassland degradation is essen-
tially the loss of effective nutrients. When artificial grass is planted, a large amount 
of chemical fertilizer is generally applied at the same time to provide sufficient 
nutrients for growth. However, with time after planting, harvesting of grasses and 
leaching of soil gradually reduce soil nutrients.

There is usually a single plant species in artificial grassland and the competition 
for and utilization of common resources are high, resulting in the lack of certain 
nutrients in the soil pool (Wang et al. 2005b). A survey by Dong et al. (2012) on soil 
nutrient content of alpine grassland found that total soil nitrogen, total phosphorus, 
and total potassium showed a downward trend as the time after establishment 
increased. Li et al. (2017) found that artificial planting resulted in the leaching of 
soil nitrate. Loss of nutrients causes weakening of the grass’s competitiveness and 
the invasion of miscellaneous grasses. Zhang et  al. (2014) found that during the 
degradation of artificial grassland, the main species were gradually replaced by poi-
sonous weeds, which further exacerbated the degradation of artificial grassland.

Li et al. theorized that the “degeneracy” of artificial grassland after establishment is 
an important stage of grassland ecosystem self-regulation and it is a key stage of transi-
tion from simple artificial grassland communities to complex and stable primary com-
munities (Li et al. 2013). Zhou et al. (2007) stated that the artificial community of 
grassland transforms from “productive stability” to “ecological stability” within 
4 years after completion of the artificial grassland and thus presents a deteriorating 
trend. For the restoration of heavily degraded grassland, the degradation of artificial 
grassland is normal and reasonable. However, if it is to promote the development of 
pastoral animal husbandry, a continuous high yield of artificial grassland is necessary.

The amelioration of artificial grassland degradation can be achieved through two 
approaches: one is to supplement the nutrients and propagules needed by degraded 
artificial grassland and the other is to increase the artificial grassland’s ability to resist 
environmental stress. The main reason for degradation of artificial grassland is the loss 
of soil nutrient elements. The absence of nutrients can lead to the invasion of miscel-
laneous grasses and increase the nutritional competition with pasture (Zhou et  al. 
2007). Regular extermination of weeds is necessary for the continued stability of arti-
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ficial grassland. In addition, artificial grassland propagules with more serious degrada-
tion are also missing. Therefore, apart from fertilization and removal of miscellaneous 
grasses, appropriate exogenous propagules should be added to expand the grassland 
seed bank to achieve gradual restoration of artificial grassland (Wang et al. 2009).

The stress tolerance of grassland is closely related to species diversity. Higher 
species diversities have the stronger community’s resistance to stress (Tilman and 
Downing 1994). The decline of available soil nutrients in artificial grassland under 
unicast mode is the main reason for the unsustainable productivity of artificial 
grassland. By introducing pastures with different pathways to obtain restricted 
nutrients, not only can the nutrients needed by each of them be obtained from the 
nutrient pools, but the total nutrient uptake can also increase with the increase of 
species diversity (Wang et al. 2016).

In the single species seed planting method, the intraspecific competition is often 
strong, and the species combination is an important way to adjust the intraspecific 
competition of artificial grassland. The alpine meadows established through the 
combination of upper and lower grasses, clumps and rhizomes, and dense clumps 
and sparse clumps not only increase the community structure complexity and capac-
ity but also weaken the interspecific and intraspecific competition (Shi et al. 2009). 
A community composed of multiple populations can use environmental resources 
more effectively than a single population and maintain long-term higher productiv-
ity and greater stability. Mixed sowing can also extend the pasture grass period, 
increase soil fertility and contribute to soil carbon stability (Yang et al. 2011). Soil 
organic carbon plays a key role in maintaining the sustainability of pasture grass-
land ecosystems (Xu et al. 2018), which affects soil water conservation and erosion 
potential and is a key factor affecting soil structure (Tisdall and Oades 1982).

In addition, as the richness of species increases, the resistance of artificial grass-
land communities to weed invasion is enhanced (Li et al. 2009). Increasing grass 
diversity maintains the stability of artificial grassland. However, we should realize 
that the establishment of artificial grasslands has changes the status of various bio-
logical and abiotic factors in the entire grassland ecosystem and changes the energy 
and material circulation patterns (Zhou et al. 2007), thus the production function of 
artificial grassland cannot be separated from human’s intervention. Increasing the 
diversity, fertilization, propagating bodies and eradication of weeds are effective 
methods to prevent degradation of artificial grassland.

12.6  The Development Direction of Artificial Grassland 
in the HKH

Grass production and animal husbandry in the HKH are undergoing a transition 
from backward and traditional to intensive. In this process, the restoration of 
degraded grassland and the rational use of natural grassland are the basis. The ratio-
nal allocation of grassland production functions and ecological functions are signs 
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of success or failure and the establishment of artificial grassland is the key to the 
success or failure of the transformation (Bai et  al. 2016). Artificial grassland in 
heavily degraded areas not only restores the vegetation, but more importantly, 
reduces the pressure on grazing grasslands and ensures the continued use of existing 
natural grasslands (Ma and Lang 1998). It should be noted that the idea of restora-
tion of any degraded ecosystem cannot separate the degraded system from other 
healthy or surrounding areas, nor can it separate the internal relations of the ecologi-
cal landscape, ecological economy, or regional economy (Bao et al. 2001). So far, 
little progress has been made on the integration of farmland societies and ecosys-
tems and their interdependence.

The establishment of artificial grassland and basic pastureland is also the key to 
achieving a rational allocation of production functions and ecological functions 
(Bai and Wang 2017). Fang et al. (2016a, b) proposed the grassland protection and 
utilization model of “taking care of small farmers”: use less than 10% (or even 5%) 
of the grasslands to establish intensive, high-yield artificial grasslands to provide 
forage grass for animal husbandry and fundamentally solve the contradiction 
between livestock and environment; to protect, restore and utilize more than 90% of 
the natural grassland to achieve higher production and ecological functions. This 
model has achieved remarkable results in Inner Mongolia and is worthy of promo-
tion in the HKH.

Intensive pastoral animal production is inseparable from the ecological grass 
production. The ecological turf grass technology system is based on the rational 
utilization of natural grassland, artificial grassland and grassland. . It integrates the 
existing advanced technologies with newly developed technologies, making the 
natural grasslands based mainly on ecological functions, supplemented by produc-
tion functions and artificial grasslands undertake major production functions, so 
that the production functions and ecological functions of pastoral areas are coordi-
nated, which makes the grass industry efficient and sustainable (Fig.  12.2) (Bai 

Fig. 12.2 Framework of major technologies for eco-pratacultural systems. Translated form (Bai 
et al. 2016)
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et al. 2016). Fang’s research group proposed the concept of building an “ecological 
grass and animal husbandry pilot area” in the pastoral areas of the grasslands, that 
is, the allocation and control of various elements of the natural-economic-social 
complex system in the larger areas and the formation of a multi-industry structure 
with artificial grassland and modern animal husbandry as the main features, bio- 
industries and cultural industries as supplements, and greatly enhanced ecological 
functions of grassland (Fang et al. 2016b).

At present, grassland ecosystems in the HKH are facing problems such as low 
productivity and diminished soil carbon sequestration capacity. This has seriously 
hindered regional economic development and threatened regional ecological security. 
The promotion of artificial grassland plays a key role in improving grassland carbon 
fixation and living standards in the HKH. Artificial grassland replaces the natural 
grassland production function and gradually restores the natural grassland ecological 
function, so as to achieve a rational allocation of grassland production functions and 
ecological functions. The artificial grassland should be taken as a starting point to 
build an ecological grass industry and a regional natural-economic- social complex 
system to promote the long-term development of animal husbandry in the HKH.
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Abstract Results based payment is the main instrument of REDD+ through which 
emission reduction activities are rewarded in HKH region. The principle of “addi-
tionality” is used in this process which means the incentives are rewarded to the 
forest managers for conserving forest areas, and, thus, mitigating climate change. 
Incentives for conserving forests are provided in an ex-post payment model, which 
is a challenge to countries receiving the payments. The establishment of community 
forest user groups (CFUGs) for the management and conservation of forests have 
made locals more accountable towards forests. The involvement of the private sec-
tor is equally vital in REDD+ by contributing to sustainable forest management 
and rural development. Hence, this chapter focuses on the prospects of REDD+ 
financing by adopting various mechanisms, analyzing the challenges in REDD+, 
encouraging the involvement of CFUGs and private sector through improved forest 
management system and addressing problems with the support of national policies.
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13.1  Introduction

The 13th Conference of Parties in Bali, December 2017, decided on “Policy 
approaches and positive incentives on issues relating to reducing emissions from 
deforestation and forest degradation; and the role of conservation, sustainable man-
agement of forests and enhancement of forest carbon stocks in developing coun-
tries” (The Red Desk 2016). The aims were to halt forest cover loss in developing 
countries by 2030 and to reduce gross deforestation in developing countries by at 
least 50% by 2020. The conference further acknowledged the contributions of emis-
sions from deforestation, global anthropogenic greenhouse gas (GHG) emissions 
and forest degradation that lead to emissions and, thus, need to be addressed. The 
conference also recognized that reducing emissions from deforestation and forest 
degradation in developing countries can promote benefits, but these developing 
countries require stable and predictable availability of resources as well (UNFCCC 
2014).

The concept of REDD+ was introduced in Poznan during the Subsidiary Body 
for Scientific and Technological Advice (SBSTA) in December, 2008, in which 
REDD+ was defined as “reducing emissions from deforestation and forest degrada-
tion, and the role of conservation, sustainable management of forests and enhance-
ment of forest carbon stocks in developing countries” (Holloway and Giandomenico 
2009). REDD+, in addition, must also consider the social issues of forest manage-
ment, which can be achieved through transparency and accountability, informed 
consent as well as equitable benefit sharing and social inclusion (Poudyal et  al. 
2013).
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13.2  Results Based Payment

REDD+ has been portrayed as a win-win approach to deal with climate change, 
promote sustainable forestry, reduce poverty and provide large-scale carbon emis-
sion reductions at comparatively low abatement costs, while also enhancing rural 
livelihoods and protecting biodiversity (Poudel et al. 2014). The main highlight of 
REDD+ is the method through which emission reductions are rewarded. It is based 
on the principle of “additionality”, meaning payments will be provided as an incen-
tive to forest managers for the conservation of forest area, which mitigates climate 
change (Rosenbach et al. 2013).

As outlined in the Paris Agreement, results-based finance is the basis in the 
approach to REDD+, which follows the concept of transferring funds from devel-
oped countries to developing countries in exchange for verifiable emission reduc-
tions (Rosenbach et al. 2013; Wong et al. 2016), that is, result-based finance provides 
ex-post payments. Developing countries can implement any one, or a combination, 
of the REDD+ interventions to address the drivers of deforestation and unlock car-
bon enhancement potentials. The main difference between REDD+ and previous 
attempts to promote sustainable forest management and conservation is that coun-
tries must prove successful outcomes through measurable reductions in the level of 
atmospheric GHGs to be eligible for financial rewards. When emission reduction 
results are demonstrated, monitored, and verified, developing countries can claim 
financial payment from the developed countries in the form of incentives.

For result-based payments to work effectively, the following conditions must be 
met: (1) a clear agreement on the definition of the results; (2) a robust measurement, 
reporting, and verification system that shows with reasonable confidence that results 
have been achieved; and (3) an appropriate institutional arrangement that manages 
and oversees the implementation of the actions while also complying with 
safeguards.

For meeting these conditions, countries that receive payments are required to 
have appropriate capacities and systems in place, supported by a regulatory frame-
work that demonstrates the effectiveness of result-based payments, as mentioned in 
COP 13. To access the payments from REDD+, the developing countries undergo a 
three-phased approach, which includes the following three points. (1) Readiness: In 
this initial phase, countries prepare a National REDD+ Strategy and initiate mecha-
nisms to ensure social and environmental safeguards are met. Countries must also 
prepare a National Forest Monitoring System and Safeguard Information System. 
(2) Implementation: REDD+ countries start the implementation of strategies and 
enabling processes, as well as undertake policy and legal reforms for the execution 
of demonstration activities. (3) Results: Emission reductions resulting from the 
implementation of activities in Phase 2 are submitted to UNFCCC in tCO2 units. By 
complying with the conditions, the country is eligible for receiving result-based 
payments (Kipalu 2011).

Many countries lack appropriate human resources, and both activity and emis-
sion factor data. Methodological guidance on Monitoring, Reporting and Verification 
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(MRV) and Forest Reference Emission Levels (FRELs) is required to be interpreted 
by the countries according to their national prerequisites. Substantial investment is 
required to build the necessary capacity for interpreting the REDD+ objectives, 
formulating intervention strategies and implementing policy measures that result in 
emission reductions. According to Article 5 of the Paris Agreement, the three major 
challenges of result-based finance of REDD+ are:

 1. Achieving adequate, predictable and effective REDD+ finance: For this, varia-
tions in costs and deforestation levels must be understood clearly. It is also 
important to know who bears the burden of costs in order to design an effective, 
efficient and equitable results-based payment system. Another vital aspect is the 
timing and sequencing of payments. Ex-post payments may lead to high rates of 
non-participation, particularly for lower-income countries.

 2. Identifying and measuring ‘performance’ in REDD+: The major issue here is 
that results-based payments may itself be insufficient to fund the needed policy 
and governance reforms for REDD+. Performance must be clearly defined, and 
its metrics should be appropriate and measurable. Reference levels that are the 
comparable base figures should be strictly unbiased and also ensure additional-
ity. Stable and sufficient funding is crucial as it is known that if the funding of 
REDD+ is insufficient, then converting forest to other land uses will be more 
profitable than conserving it.

 3. Integrating and safeguarding non-carbon benefits in a results-based mechanism: 
For safeguards to be effective in monitoring issues such as social equity and 
environmental concerns, the use of mixed methods at various scales and indica-
tors that are relevant to local realities will be required. Safeguards that are impor-
tant in supporting more equitable outcomes can also be used to manage risks 
such as non-legitimacy of participatory processes (Wong et al. 2016).

The success of any REDD+ policy is highly dependent on generating sufficient and 
sustainable finance, especially when the funds are used for creating incentives for 
local forest users as well as for establishing payment mechanisms for government 
actions and projects to reduce emissions originated from various drivers of defores-
tation and forest degradation (Logan-Hines et al. 2012).

13.3  Nepal’s Result-Based Payment for Landscape REDD+ 
Programme

The annual cost of reducing deforestation in Nepal is between USD 654/ha and 
USD 3663/ha, and the associated opportunity cost of carbon sequestration ranges 
from USD 1.11 to USD 3.56 per tCO2 in forests managed by the communities (Rai 
et  al. 2017). With an increase in degradation the cost of reducing deforestation 
decreases but the cost of carbon sequestration increases. This means that forest 
dependent communities in Nepal receive more benefits from felling trees rather than 
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preserving them. To encourage communities who use forest resources to reduce 
deforestation, REDD+ must provide funds to offset these gains and to stop defores-
tation (Rai et al. 2017).

The government of Nepal has developed an Emission Reduction Programme 
covering 12 contiguous districts in the Terai Arc Landscape. This area of 2.2 million 
hectares includes nearly 15% of the country’s land area, 20% of the total forest area 
and 25% of the country’s population. Half the area is covered by forest (1.17 million 
ha) and of this forested area, nearly 29% (0.34 million ha) is managed by local com-
munities (FCPF 2018).

Under this proposed landscape REDD+ programme, the country intends to 
reduce emissions by 35.6 million tCO2 over a period of 10 years. Here, payments for 
reducing emissions are provided, on the basis of the carbon stored in the forests, to 
the government and local authorities so that they can utilize it on improving the 
management of forests and provide technical support through trainings, etc. Thus, 
payments based on results are not given to the communities/user groups directly per 
se. This programme is estimated to cost USD 177.1 million and so sufficient co- 
investment will be required from the federal government, private sector and local 
communities to finance the implementation of REDD+. The government is negoti-
ating a cost sharing basis through co-finance. It is envisioned that the federal gov-
ernment may contribute up to USD 70 million. Additional contributions from 
CFUGs could total USD 25 million and from rural energy programme could total 
USD 26 million. This leaves Nepal to negotiate around USD 70 million from result- 
based payments. Nepal has recently managed to leverage USD 35 million as con-
cessional finance from the Forest Invest Programme and International Development 
Association (FCPF 2018).

13.4  Community Forestry in Nepal

Forestry sectors all around the world have shown increased involvement of local 
communities in forest management activities. Community forestry has been 
regarded as a promising approach to achieve sustainable management of forests and 
improve livelihoods in developing countries having the potential for carbon seques-
tration. Estimates by various development agencies point out that community- 
managed forests provide livelihood benefits to more than half a billion poor people 
(Wong et al. 2016).

Community forestry in Nepal started in the 1980s and has improved forest pro-
tection and management (Binod 2016). The policy had originally intended to meet 
the basic forest products requirements of communities through active participation 
in management and development of forests. Later, it was expanded to include the 
mobilization and empowerment of the CFUGs in the development of their local 
communities (Binod 2016). More than three decades later, 1.8 million ha of forest 
land in Nepal is managed by approximately 19,300 forest user groups, involving 
nearly 1.45 million households (35% of the total population of Nepal) in the 
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 community forestry management (CFM) program and benefiting more than 2.4 mil-
lion households (MFE 2018). In other words, one-third of the forest area handed 
over as community forests is managed by nearly one-quarter of the total households 
in Nepal.

Timber and firewood for fuel, fodder and grass for livestock, and medicinal 
plants are important forest products that the communities either use for their own 
household purposes or sell. From the sale of these forest products, the user groups 
generate income for themselves. Group incomes are also obtained from monthly 
membership fees, fines and donations from organizations. The income is then 
invested in various community development activities such as irrigation, canal 
improvement, community building, and drinking water schemes. This has played a 
vital role in improving forest conditions by adopting better forest protection and 
management measures (Joshi 2017). In Nepal, although ownership of the forests 
remains with the government, under the CFM system, all management decisions are 
made by individual community forest user groups (CFUGs). Each member in a user 
group has equal rights as well as access to the forest resources, while non-members 
are excluded from resource use and management. CFUGs also have the right to 
develop management rules and benefit sharing mechanisms. The Government of 
Nepal provides technical assistance to CFUGs when needed, in return for improved 
forest management. In this way, decentralized forest governance has enabled forest 
users to develop autonomous organizations and to reclaim traditional forestry prac-
tices (Rosenbach et al. 2013).

According to Koirala (2007), there are numerous objectives regarding the proper 
implementation of the community forestry plan in Nepal. The short-term objectives 
are, supply timber, firewood, fodder, litter, and grass regularly; manage silviculture 
operation to supply basic needs of users; plant medicinal plants and other plant spe-
cies in the forest area; generate income support programs for poor and oppressed 
users to raise livelihood; control forest encroachment; develop community funds; 
and encourage forest conservation and initiate participation.

Accordingly, the author mentions the long-term objectives of the community 
forestry plan to, support for biodiversity conservation through wildlife conservation 
and protection of various plant species; minimize soil erosion, develop greenery, 
and ensure environmental balance; make self-reliance of users on forest products; 
develop a feeling of communal participation; and conserve water sources (Koirala 
2007).

Nepal has a strong CFM system that has been able to enhance the resource base 
and address vital issues such as social exclusion and gender equality (Poudel et al. 
2014). Through involvement in CFM, activities such as unregulated livestock graz-
ing have been reduced to a minimum as members are realizing the true benefits of 
the forestry system. When the forest dependent communities were involved actively 
in decisions regarding forest uses, it was observed that forest conditions were kept 
in check. Numerous degraded forest ecosystems have improved due to decentral-
ized development strategies in CFM (Karky 2008).

Community forests have been responsible for creating natural capital in the form 
of new forests, and improved biodiversity in existing forests, with 86% of the forests 
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showing improvements (Pandey and Paudyall 2015). These forests have shown bet-
ter environmental quality in mountainous regions where erosion reductions, protec-
tion of watersheds and increased agricultural output are evident. Besides creating 
income generating opportunities for local communities, community forests have 
contributed to local economic development through on-site added-value processing 
of raw materials (Pandey and Paudyall 2015). Some of the positive outcomes gener-
ated through CFM system are stated below, (1) legally empowered local communi-
ties to manage forests; (2) development and establishment of appropriate institutional 
structures at different levels, from local to national; (3) provision of subsistence 
income for poor families; (4) local employment and income by establishment of 
forest-based enterprises; (5) empowerment of rural people through more inclusive 
governance and provision of technical skills and training; (6) improvement of forest 
conditions; and (7) other social welfare activities such as building schools and road 
networks and scholarships for poor children (Poudel et al. 2014).

The CFM policies in Nepal have shown a progressive trend for the past 30 years 
and through various favorable features towards economic, social and environmental 
welfare, it has been concluded that CFM could also support carbon trading for 
REDD+. Studies have also shown that communally managed forests were able to 
sequester carbon, which is one of the major aims of REDD+ (Karky 2008). A CFM 
system may be successful in contributing to potential REDD+ advantages such as 
equitable co-benefits and increased carbon storage. Nepal’s decentralized commu-
nity forestry system has a long history of not only reducing deforestation but also 
encouraging reforestation, conservation and enhancement of carbon stocks and, 
thus, has garnered considerable global attention. In this case, CFM system can facil-
itate REDD+ so that they can better compete for funds that may become available. 
If CFM institutions, similar to those in Nepal, have relevant and appropriate quali-
ties needed for REDD+ implementation, REDD+ may be able to harness and pos-
sibly improve the capital that CFM has already established (Rosenbach et al. 2013). 
Thus, a strong community forestry network and a supportive legal and policy frame-
work are required to build a sustainable foundation for the implementation of 
REDD+ activities (Poudel et al. 2014).

13.5  Benefits from Community Forestry

Community forestry in Nepal provides livelihood capitals to the forest dependent 
communities. These livelihood capitals come in the form of access to forest prod-
ucts, income and employment through forest related activities and improvement of 
agricultural produce and biodiversity (Kanel and Niraula 2017). On a household 
level, incomes in the Churia region of Nepal have risen for almost all the middle- 
and poor-income households due to the decline in dependency on agricultural and 
livestock production through their involvement in community forest management 
activities (Maharjan et al. 2009). The annual income of CFUGs in Nepal from sale 
of forest products, governmental and non-governmental grants, memberships and 
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entrance fees, and fines among others is NRs 913.8 million (=8.4 million USD with 
the exchange rate as of June, 2018), of which nearly 82% comes from the sale of 
forest products (Kanel and Niraula 2017). Similarly, the annual income per house-
hold based on stumpage price (number of trees harvested or per stump price) is NRs 
1346 (=12.37 USD with the exchange rate as of June, 2018) (Kanel and Niraula 
2017). This shows that there is a huge potential of community development and 
poverty reduction through CFM in Nepal (Kanel and Niraula 2017). Regarding ben-
efit flows within a CFM system, the forest management responsibilities are shared 
among the Government, Village Development Committees (VDCs) and elected 
community forest committees (Mahanty and Guernier 2008). CFUGs keep 100% of 
takings from timber as well as non-timber forest products (NTFPs), except for two 
species of timber (Shorea robusta and Acacia catechu), for which 15% royalty is 
paid to the Government ((RECOFTC 2007), (Mahanty and Guernier 2008)).

In the final stage of REDD+ financing, where rewards are provided according to 
the results (carbon stored in the forests), a CFM system has been deemed to aid in 
successful benefit sharing. A recent study posits that it is not the CFM system that 
sequesters higher carbon in the forests, but it is the collective action that has positive 
effects on forest condition. Thus, it is not the formalization, but the group activities 
that increase carbon biomass (Bluffstone et al. 2018).

13.6  Private Sector in Forestry

The major aim of any private firm is profit maximization. With this goal in mind, the 
involvement of the private sector is found mainly in processing, manufacturing and 
trade, with limited participation in production of forest products and services 
(Subedi et al. 2014). The most prominent example of a private company in the for-
estry sector is Plantec Coffee Estate Pvt. Ltd., a company which produces shaded 
grown coffee (i.e. coffee and agroforestry system).

According to a study done by ICIMOD in 2016, the total carbon sequestered in 
the plantation, over a 20 year period, was 176.5 tC/ha which at a rate of USD 5 per 
tCO2, is valued at approximately USD 124,693 (Timalsina et  al. 2017). Such an 
agroforestry scheme would fulfill both the mitigation and adaptation strategies of 
climate change. Along with being the largest coffee producer and exporter in Nepal, 
this private business helps the rural community of Nepal to generate income by 
providing opportunities of employment through activities such as application of 
manure, weeding, thinning, picking and processing coffee. A recent analysis of the 
company’s profitability showed that Plantec Coffee Estate is the largest coffee pro-
ducer and exporter in Nepal, with an annual revenue of USD 600,000 in 2016. The 
company gains major economic benefits through its exports since 60% of its pro-
duction is sold outside Nepal. Thus, we can conclude that private enterprise has the 
potential to contribute to sustainable forest management and rural development. 
Such partnerships can help communities reduce risk, achieve better returns on land 
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use, diversify income sources, access paid employment, develop new skills, upgrade 
infrastructure, and enhance ecosystem management (Chipeta and Joshi 2001).

Forest-based industries in Nepal face major hurdles which include, (1) weak 
governance and lack of law enforcement, bureaucratic hurdles and procedural 
delays, and insecurity; (2) inadequate and uncertain supply of raw materials, limited 
effort on scientific forest management, and unpredictable policy decisions including 
bans and restrictions; (3) difficulty in accessing finances; (4) lack of infrastructure; 
and (5) inadequate business development services such as inputs and technologies, 
extension services, and business information (Subedi et al. 2014).

13.7  Discussion

There are a number of unresolved issues about REDD+ and how it delivers multiple 
outcomes. Uncertainty remains about the implementation, effectiveness and compa-
rability of REDD+ schemes at local, national and international levels. Furthermore, 
various stakeholders of the REDD+ initiative have expressed concerns about the 
possible impacts of REDD+ on benefit-distribution, recentralization, additionality, 
co-benefits and stakeholder engagement (Paudel and Karki 2013). To develop an 
effective policy framework based on practical experiences, REDD+ has been exper-
imenting through pilot projects in various countries (Poudel et al. 2014), including 
Nepal.

In the case of Nepal, there is little financial and institutional capacity to conduct 
the MRV necessary for REDD+ (Rosenbach et al. 2013). Interviews with various 
stakeholders give contrasting perspectives on REDD+ implementation. Those in 
favor of REDD+ activities believe it would incentivize the communities and govern-
ment to carry out sustainable forest management activities, on the condition that the 
rights of local communities, indigenous people, marginalized communities (e.g. 
Dalits) and women and poor are not violated and that they are given a fair share of 
benefits. They conclude that if REDD+ is designed in a way to ensure fair sharing 
of benefits among the local users, it will benefit the country. Most interviewees also 
stated that REDD+ will be able to address the issues related to inclusion, participa-
tion and capacity building. However some thought the communities would not be 
able to meet some criteria of REDD+, such as permanence, leakage, and carbon 
measurements. They believed that REDD+ success is more inclined towards devel-
oped than developing countries (Paudel and Karki 2013).

Looking at the impacts of REDD+ pilot projects on CFUGs in Nepal, we see that 
REDD+ had both positive and negative effects. Forest fires, livestock grazing and 
harvesting of grass and fodder from the forest decreased, which eventually increased 
the productivity and sustainability of the forest ecosystem. However, the increase in 
participation of stakeholders in meetings and discussions, in forest protection and 
patrolling and in cultural and tending operations need to be kept in check and com-
pensated. This leads to the conclusion that result-based payments from REDD+ can 
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only be effective for community forests implementing REDD+ projects if the 
 additional direct and indirect time and labor costs, as well as the benefits, do not 
exceed payments. In some of the CFUGs in Nepal, payments based purely on car-
bon rates at USD 10 per tCO2 would not even compensate the local users of the 
costs incurred from the increased number of committee meetings (Maraseni et al. 
2014).

Analyzing the dual impacts of REDD+ on forest dependent communities has 
provided some interesting results. On a positive note, the project has strengthened 
forest protection by tightening regular access and has regulated harvesting and graz-
ing activities in the REDD+ pilot areas in Nepal. These pilot projects seek carbon 
enhancement in community forests by developing group management (i.e. social 
aspects) and forest management (forest protection, utilization and development 
aspect) activities. REDD+ has also improved local capacities to understand changes 
in climate and other forestry related issues, including skills to generate income. In 
addition, forest protection has been encouraged through distribution of subsidized 
biogas and improved cooking stoves.

REDD+ has been able to enhance the institutional capacity of CFUGs by orga-
nizing regular meetings, maintaining transparent record keeping, auditing and 
reporting systems. Through benefit sharing, REDD+ has prioritized poorer house-
holds, women and marginalized communities. We can conclude that REDD+ has 
the potential to solidify local approaches to community forestry by improving 
internal governance and by adding financial value to locally managed forests from 
the sale of carbon credits. On the negative side, REDD+ can possibly threaten the 
decision- making power at the community level by imposing externally developed 
terms and conditions and by CFM’s diminishing role in community development 
and local autonomy. Through the introduction of controlled grazing, customized 
harvesting and limited access to charcoal burning, there is a possibility that 
REDD+ will destabilize the livelihood of the supporting community forestry as 
REDD+ is likely to change the traditional managed community forestry 
approaches.

The role of REDD+ in addressing the social gaps that exist in these communities 
may potentially hamper the internal harmony. Various authors speculate that con-
flicts within societies are possible due to differences in fund allocations between the 
marginalized and wealthier populations. It has been assessed that addressing social 
inequity based on ethnicity may drive a wedge in the real objective of REDD+, 
which is to reduce deforestation and forest degradation. Furthermore, the whole 
concept of social inclusion in terms of ethnicity may be invalid if forest dependency 
is not associated with ethnicity or caste. Thus far, REDD+ pilots have had little suc-
cess in bringing disadvantaged groups into key decision-making posts, despite the 
positive discrimination approach in benefit sharing (Poudel et al. 2014).

Nevertheless, various service providers and policy developers are optimistic that 
the positive aspects can be strengthened, and negative aspects can be diminished 
through intensifying efforts at financial, technical and governance levels. REDD+ 
can take the steps in planning and implementation which include the following 
points (Poudel et al. 2014). They are, (1) the rights of CFUGs to make autonomous 
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decisions are not neglected; (2) access and use of forest and forest resources to meet 
subsistence needs for forest dependent population are continued; (3) people who 
have lost their traditional employment due to implementation of REDD+ are prop-
erly compensated; (4) provision of alternative options when resource access and 
supply are reduced; (5) women and other disadvantaged groups are provided with 
equitable access to decision-making operations while removing preferential access 
based on ethnicity or gender; and (6) leadership capacity is built for efficient deliv-
erance of services and that good governance attributes, including equity and fair-
ness, are established.

Scholars have argued that policy makers can improve the success probabilities of 
REDD+ with the incorporation of biodiversity considerations and livelihood goals 
as well as with the use of success factors of CFM management. These success fac-
tors include sufficient size, clear boundaries of forests, predictability of benefit 
flows and local autonomy in decision-making (Poudyal et al. 2013).

13.8  Conclusion

Nepal has shown great potential in generating income and improving livelihoods 
through community level participation in forest related activities. Similarly, the pri-
vate sector also plays a major role in encouraging employment generation as well as 
carrying out environment conservation operations. The main aim of REDD+ in 
Nepal is to boost livelihood options of the rural poor, while at the same time enhanc-
ing the carbon potential of the forests. Results based payments, in this regard, turn 
out to be one of the most efficient methods of achieving these two objectives. 
Carbon payments have not yet started in Nepal, but doing so would help in achiev-
ing global conservation objectives of enhancing the economic status of rural forest- 
dependent populations by securing the forest resources available to them. The 
Emissions Reductions Programme initiated in Nepal aims to focus on encouraging 
local participation through community forestry as well as providing a platform to 
private entrepreneurs to invest in the forestry sector.

In Nepal, the government, international development partners and civil society 
such as FECOFUN, NEFIN and DANAR have accepted REDD+ as an important 
climate change mitigation strategy and are engaged in appropriate policy making 
and piloting processes. However REDD+ policies have been affected mainly by the 
government, donor/international NGOs and civil society sectors, but with minimal 
consultation with the local communities that manage the forests. Despite these defi-
ciencies, new modes of collaborations are emerging around piloting, awareness- 
raising efforts and advocacy campaigns for the rights of forest-dependent 
communities and also for transforming existing institutions of forest governance. 
The ultimate test for REDD+ will be how inclusive it is and what benefits is passed 
down to the local communities that manage the forest. The real incentive to bring 
about the change in forest management must be realized at the local level for the 
REDD+ performance-based payment to meet its objectives and purpose.
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Chapter 14
Designing Water Resource Use for Poverty 
Reduction in the HKH Region: 
Institutional and Policy Perspectives
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Abstract The Hindu Kush-Himalayan (HKH) region covers over 4 million km2 
(about 2.9%) of the global land area and approximately 18% of the mountain area. 
These mountains are headwaters of ten major river systems that provide livelihood 
to 210 million people living there, and indirectly provide goods and services to 1.3 
billion people downstream. Despite local people being safeguards of this valuable 
water resource, many inhabitants are amongst the poorest of the poor, many being 
marginalized subsistence farmers of diverse ethnic groups and minorities, not ben-
efiting from these vast resources. Available water resources in the HKH could be 
used for economic prosperity in the region by maximizing the benefits of this renew-
able resource. This chapter reviews the water resource use for poverty reduction, 
and pertinent institutional arrangements and policy provisions amidst sustainable 
development agendas, underlining the needs of international cooperation, institu-
tional framework, and regional thinking.

Keywords HKH region · Water resource · Poverty reduction · Water institution 
and policy · Water security · International cooperation · Regional thinking

14.1  Introduction

Mountains comprise 24% of the global land surface area and are home to 12% of the 
world’s population. The Hindu Kush-Himalayan (HKH) region covers over 4 mil-
lion km2 (about 2.9%) of the global land area and approximately 18% of the moun-
tain area, extending 3500 km over all or part of eight countries including Afghanistan, 
Bangladesh, Bhutan, China, India, Nepal, Myanmar and Pakistan (Fig. 14.1).
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The area is dominated by high mountains, vast glaciers, and large rivers, and has 
earned many names. As it contains all 14 of the world’s highest mountains, those 
reaching over 8000 m in height, as well as most of the peaks over 7000 m, it has 
been dubbed the ‘roof of the World’ and because it is the world’s most glaciated 
place outside the Polar Regions, it is also known as the ‘Third Pole’. It is the fresh-
water tower of South Asia and part of Southeast Asia (ICIMOD 2018). Water origi-
nating from snow, glaciers and rain feed the ten largest river systems—the Amu 
Darya, Indus, Ganges, Brahmaputra (Yarlungtsanpo), Irrawaddy, Salween (Nu), 
Mekong (Lancang), Yangtse (Jinsha), Yellow River (Huanghe), and Tarim (Dayan)—
in Asia that provide water, ecosystem services and the basis of livelihoods to more 
than 210 million people upstream in the mountains and about 1.3 billion people, a 
fifth of the world’s population, downstream (Karki et al. 2012; Shrestha et al. 2015), 
the region is also referred to as the ‘Water Towers of Asia’ (Immerzeel et al. 2010).

Fig. 14.1 The HKH region as defined by ICIMOD which includes high mountains in Afghanistan, 
Bhutan, China, India, Myanmar, Nepal, and Pakistan. The SRTM DEM version 4.1 from CGIAR 
at a spatial resolution of 90 m (Jarvis et al. 2008)
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14.2  Socio-Economy of the HKH

The Himalayan range alone has the total snow and ice cover of 35,110 km2 contain-
ing 3735 km3 of eternal snow and ice (Qin 2002). The total for the region is not yet 
calculated. Hills and mountains, particularly the Hindu Kush Himalaya mountain 
system, have always constituted places where adaptation, mitigation, and resilience 
are hallmarks of the people and the landscape they inhabit. Since time immemorial, 
the people of the Himalaya have maintained a rich cultural identity and have main-
tained food security and biogenetic diversity within the parameters of their own 
traditions.

The south Asian countries, including Afghanistan, Bangladesh, Bhutan, India, 
Maldives, Nepal, Pakistan, and Sri Lanka, are where more than 40% of the world’s 
poor lives and 51% of food and energy deficit exists (Ahmed et al. 2007). The region 
includes only about 3% of the world’s land area but houses 25% of the world popu-
lation (1.6 billion people). Rice and wheat are the staple foods in this region and 
they require large amounts of water and energy. Overall, around 3 billion people 
benefit from food and energy produced in these river basins. Despite being safe-
guards of a valuable water resource, many inhabitants are amongst the poorest of 
the poor, many being marginalized subsistence farmers of diverse ethnic groups and 
minorities, not benefiting from these vast resources. Water for poverty reduction in 
the HKH region is given relatively little priority (SEI and UNDP 2006; Sharma and 
Pratap 1994). Economic prosperity is the most powerful way of reducing poverty. 
Available water resources in the HKH could be used for economic prosperity in the 
region by maximizing the benefits of this renewable resource. Therefore, poverty 
reduction and food security by better water management should be major goals.

14.3  Water Resources in the HKH

In the HKH mountains, snow and ice is a dominant feature. Over 54,000 glaciers 
exist in the HKH region covering a total area of more than 60,000 km2. Altogether, 
the glaciers comprise over 6000 km3 of ice reserves, acting as fresh water reservoirs 
for the greater region. The Himalayan range alone has a total snow and ice cover of 
35,110 km2 containing 3735 km3 of eternal snow and ice (Qin 2002). It produces 
one of the world’s largest renewable supplies of freshwater, which is vital for the 
survival and well-being of billions of people and precious ecosystems in the river 
basins that stretches beyond the HKH region  (Sandhu and Sandhu 2015). In the 
drier parts of Asia, more than 10% of local river flows come from ice and snow melt 
(Sivakumar and Stefanski 2011; Shrestha et al. 2015).

The HKH region, being a source of water for the major rivers in Asia, provides 
water and various ecosystem services for both upstream and downstream communi-
ties. The water resource availability of the major rivers in HKH is shown in 
Table 14.1. The various mountains in the HKH regions are covered by 112,767 km2 
of glaciated areas (Dyurgerov and Meier 2005; Table 14.2).

14 Designing Water Resource Use for Poverty Reduction in the HKH Region…



248

Table 14.1 Water resources availability of the major rivers in the HKH region

River

River River basin
Annual 
mean 
discharge 
m3 s−1

% of glacier 
melt in river 
flow

Basin area 
(km2)

Population 
density 
(person 
km−2)

Population 
x 1000

Water 
availability (m3 
person−1 year−1)

Amu Darya 1376 Not 
available

534,739 39 20,855 2081

Brahmaputra 21,261 ~12 651,335 182 118,543 5656
Ganges 12,037 ~9 1,016,124 401 407,466 932
Indus 5533 Up to 50 1,081,718 165 178,483 978
Irrawaddy 8024 Unknown 413,710 79 32,683 7742
Mekong 9001 ~7 805,604 71 57,198 4963
Salween 1494 ~9 271,914 22 5982 7876
Tarim 1262 Up to 50 1,152,448 7 8067 4933
Yangtze 28,811 ~18 1,722,193 214 368,549 2465
Yellow 1438 ~2 944,970 156 147,415 308
Total 1,345,241

Source: IUCN et al. (2003); Mi and Xie (2002); Chalise and Khanal (2001), Merz (2004); Tarar 
(1982); Kumar et al. (2007); Chen et al. (2007); as cited in Eriksson et al. (2009)

Table 14.2 Glaciated areas 
in the HKH region

Mountain range Area (km2)

Tien Shan 15,417
Pamir 12,260
Qilian Shan 1930
Kunlun Shan 12,260
Karakoram 16,600
Qiantang Plateau 3360
Tanggulla 2210
Gandishi 620
Nianqingtangla 7540
Hengduan 1620
Himalayas 33,050
Hindu Kush 3200
Hinduradsh 2700
Total 112,767

Source: Dyurgerov and Meier 
(2005) 

In addition to its vast water resources, the region is gifted with rich biodiversity and 
diverse ecosystems, providing a basis for the livelihoods of people inhabiting in the 
region. Four of the world’s 36 biodiversity hotspots are located in the HKH region. 
Thirty-nine percent of the HKH region is covered with protected areas that harbor a 
range of ecosystems and provide numerous services in terms of food, water, and cli-
mate regulation (Sharma et al. 2010; Molden et al. 2017). However, its physical char-
acteristics make the HKH one of the most hazard-prone regions in the world. Being 
the youngest mountain chain in the world, the HKH region is also the most fragile. 
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The features including heavy rains, steep slopes, weak geological formations, acceler-
ated rate of erosion and high seismicity contribute to serious flooding and mass move-
ments of rock and sediment affecting lives and livelihood of millions.

Communities in the HKH region are largely agrarian, relying heavily on local 
natural resources and subsistence farming on small plots of land. As a result, the 
communities experience high levels of poverty making them vulnerable to both 
environmental and socio-economic changes (Shrestha et  al. 2015). Moreover, 
already situated in one of the poorest regions of the world, poverty in the mountains 
is on average 5% more severe than the national average of the HKH countries, with 
31% of the HKH population living below the official poverty line (Gerlitz et  al. 
2014). In addition, most ecosystems in the region are subject to climatic and non- 
climatic changes affecting their function and sustainability, thereby affecting liveli-
hoods and community resilience (ICIMOD 2017; Molden et al. 2017).

Further climate related consequences have been projected to occur in the future 
which can be addressed by policy provisions (Shrestha et al. 2015). Despite having 
such huge resources and services, due to poverty and limited access to the develop-
ment services, the people are vulnerable to natural hazards. Therefore, better water 
resource development and management should be the major goals for poverty 
reduction and food security (Kayastha 2001).

14.4  Water for Economic Prosperity

14.4.1  Water and Poverty Nexus

The concept of water and poverty is extremely relevant to the rural areas of the HKH 
region, as the rural poverty in Bangladesh, Pakistan and in Nepal (56%, 39% and 
35%, respectively) are higher than urban poverty (36%, 23% and 7%, respectively) 
(Amarasinghe et al. 2005). Since a major part of the population in this region live in 
rural areas, rural poverty dominates overall poverty. Agriculture is the dominant 
source of livelihood for a majority of the rural population in HKH regions and a 
major contributor to the GDP of countries in the HKH. Thus, reducing rural poverty 
through improving agriculture income is a major pathway for reducing poverty.

There is adequate evidence of strong linkage of growth in agriculture productiv-
ity and reduction in rural poverty. Adequate access to water and quality land 
resources are crucial for agricultural productivity growth. However, with increasing 
pressure on limited land resources, enhancing the value of agriculture productivity 
per unit of water is becoming crucial for rural poverty reduction (Sharma and Pratap 
1994). However, the linkage of poverty and the extent of water productivity are not 
clearly understood. Such knowledge would be valuable in designing appropriate 
and geographically targeted interventions for increasing water productivity and 
thereby reducing rural poverty. Groundwater exploitation, water logging, salinity 
and climate change are threatening agriculture in many parts. To what extent these 
inhibit the growth of agriculture productivity and poverty alleviation is not ade-
quately understood. Furthermore, there is increasing evidence of climate change 
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causing a gradual depletion of the Himalayan glaciers. Depleting glaciers could 
have profound effect on the seasonal and spatial water availability. Given these 
changes, it is extremely important to understand the changing dynamics of the 
nexus of water, land and poverty.

14.4.2  Water Exploitation and Use in HKH

The Hindu Kush Himalayan (HKH) region depends heavily on water resources for 
irrigation, food, hydropower, sanitation, and industry, as well as for the functioning of 
many important ecosystem services. Water thus directly contributes to the national 
GDP and to livelihoods and income generation at the local level. In the HKH region, 
hydropower is one of the most promising environmentally friendly sources of energy. 
With a potential estimated at 500,000 MW, the region has abundant opportunities for 
hydropower development. Energy security can open up opportunities for development 
and employment and contribute to the national GDP. However, many countries in the 
region have been able to tap only a small fraction of their available potential. Out of 
the 42,000  MW potential reported in Nepal, only about 2% is harnessed so far, 
whereas Pakistan has harnessed 11% of its total potential. Still, people in both these 
countries face many hours of scheduled power cuts.

Water and food share a strong nexus, both being essential ingredients for human sur-
vival and development. Agriculture is a major contributor to the GDP of countries in the 
HKH. The Indus River system is a source of irrigation for about 144,900 hectares of land, 
whereas the Ganges basin provides irrigation for 156,300 hectares of agricultural land. 
Access to water resources for food production and their sustainable management is a con-
cern from the local to national level. Amid rapid environmental and socio-economic 
changes, the growing population will require more water and food, and equitable access to 
vital resources has become a major question (Schreier and Shah 1996). Sustainable solu-
tions to these problems require efficient use of water resources for agricultural use in which 
technological innovation plays a vital role. The intervention of infrastructure development 
and the flow regime changes in the downstream areas where communities depend on water 
resources for livelihoods such as fishing are important. A major concern is how to make 
sure that a certain minimum flow is maintained so as to sustain freshwater supply and sup-
port dependent ecosystems. Although water is the foundation of sustainable development, 
water management in the HKH region remains fragmented and uncoordinated and does 
not take relevant regional issues into account (Kayastha 2001).

Due to its physical setting, the HKH region is prone to various water-induced 
hazards (e.g., landslides, floods, glacial lake outburst floods, and droughts). Every 
year, during the monsoon season, floods bring havoc to the mountains and the plains 
downstream. Globally, 10% of all floods are transboundary, and they cause over 
30% of all flood casualties and account for close to 60% of all those displaced by 
floods. The social and economic settings of the region make the people vulnerable 
to natural hazards. Lack of supportive policy and governance mechanisms at the 
local, national and regional levels, and the lack of carefully planned structural and 
non-structural measures of mitigation lead to increased vulnerability.
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With poverty affecting larger portions of the burgeoning population, pressure on 
natural resources will increase, as will the demand for food, water and energy (Rasul 
2016), leading to conflict in the region. The potential impacts of climate change are 
likely to accelerate the retreat of glaciers and change the regional hydrological regime, 
increase the magnitude and frequency of natural disasters, reduce water availability 
during low flow periods and deteriorate water quality (Immerzeel et al. 2013).

14.5  Integrated Approach: Water, Energy, and Food Nexus

Issues and challenges in the water-energy-food sectors are interwoven in complex ways 
in the HKH region (Fig. 14.2; Endo et al. 2017; Rasul 2016). The downstream popula-
tions are heavily dependent to the upstream ecosystem services (Biggs et al. 2015).

Fig. 14.2 Interdependencies of food, water, energy, and ecosystem services (Adopted from Rasul 
2014)
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14.6  Trans-Boundary Issues of International Rivers

The river systems in the HKH are of transboundary nature and need regional coop-
eration for ensuring water availability and use (Mukherji et al. 2015; Rasul 2014). 
The river system has important implications for social, economic and political 
aspects. The transboundary issues create interdependencies between the coun-
tries (Choudhury 2015). For example, most of the rivers flowing to and from Nepal 
are transboundary rivers. Large part of the Koshi River basin falls in the Tibetan part 
of China and flows south into the Ganges in India. Flood and sedimentation in the 
rivers, water sharing, and upstream-downstream linkages are some of the potential 
areas of international water issues. The adjoining countries must work in collabora-
tion and cooperation to address these issues.

Several pertinent transboundary issues exist (Choudhury 2015; Rasul 
2016; Molden et al. 2017) that need to be addressed to meet the water and poverty 
objectives of the region: (1) solving boundary issues, inadequate knowledge of the 
hydrological regime (e.g., ground and surface water, total water budget; (2) the dif-
ferent views in the countries should have mutual understanding on the basics of 
water use; (3) there are local, regional and national levels of water authorities in 
different countries. The management of transboundary issues should consider how 
to address them. Local management can be political on transboundary issues; (4) 
lack of data can prevent countries from agreeing on solutions; (5) boundaries can 
change and compound other issues associated with transboundary water; (6) “duel-
ing experts” can hold back transboundary issues. For example, hydrologists can 
obtain different results depending on who is funding the study. When experts fail to 
come to consensus, politicians and other stakeholders can choose data and use them 
to their advantage; and (7) transboundary issues are expensive to achieve. Some 
issues can delay agreements by decades and cost millions of dollars.

14.7  Climate Adaptation Program in the HKH Region

To meet the challenges emerging in the HKH, a pioneering program called the 
Himalayan Climate Change Adaptation Program (HICAP) has been launched from 
2011. One of the core objectives of this program is to promote the understanding of 
the needs and gaps across the HKH. The ultimate goal is to foster joint dialogue on 
mountain ecosystems in the context of climate change and adaptation, and to 
encourage the HKH countries to work together at the regional and global levels on 
these issues. The HICAP seeks to develop an overview of the existing adaptation 
policy measures in the HKH countries, and address the needs of mountain land-
scape and people, and to identify critical issues that must be addressed to meet cur-
rent and future risks associated with climate change (ICIMOD 2017).

Institutionally, the International Centre for Integrated Mountain Development 
(ICIMOD) is the intergovernmental organization to promote knowledge and action 
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aimed at shared management on issues and priorities that are common across the 
HKH. The organization generates and shares knowledge across countries and com-
munities on the issues of common concern, such as poverty alleviation, adaptation, 
and resilience building. It addresses resources that cross the boundaries, such as 
water and ecosystems (Molden et al. 2017).

14.8  Regional Policies, Institutions and Agreements

Although there seems to be a lack of comprehensive climate change policy for the 
entire HKH region, there are various policies/programs in the HKH countries for 
dealing with climate change (ICIMOD 2017). There are ongoing efforts for trans-
boundary cooperation among the HKH countries, and multiple national policy 
responses within the countries themselves. For example, Afghanistan and 
Bangladesh have the Climate Change Strategy and Action Plan (CCSAP) and the 
National Adaptation Program of Action (NAPA); Bhutan has constituted NAPA; 
China has the National Climate Change Program (NCCP) and Five-Year Plan; India 
has the National Action Plan on Climate Change (NAPCC); Myanmar has NAPA; 
Nepal has NCCP, LAPA, NAPA and NAP; and Pakistan has the National Climate 
Change Policy (NCCP). These policies, plans and programs address climate related 
issues in HKH regions, directly or indirectly. The country-wise climate related poli-
cies and provisions are discussed below.

14.8.1  Afghanistan

 (a) Climate Change Strategy and Action Plan (CCSAP, 2015; NEPA/UNEP 2015): 
The CCSAP of Afghanistan aims to: (1) integrate and mainstream climate 
change into the national development framework; (2) support the creation of a 
national framework for action on climate change adaptation; (3) identify low 
emission development strategies; (4) improve coordination and partnerships 
between government institutions, civil society, the international donor commu-
nity, and the private sector; (5) increase availability and access to additional 
financial resources for effectively addressing climate change; and (6) identify 
policy initiatives to address climate change adaptation in the vulnerable sectors 
and areas of agriculture, food security, water, biodiversity, natural disasters, 
health, and infrastructure.

 (b) National Adaptation Program of Action for Climate Change (NAPA, 2009) of 
Afghanistan aims to: (1) identify priority activities that respond to urgent and 
immediate needs with regard to adaptation to climate change; (2) identify the 
country’s most vulnerable areas to climate change: agriculture; biodiversity and 
ecosystems; energy; forests and rangelands; natural disasters; and water; (3) 
identify Afghanistan’s key priority areas for climate change- improved water 
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management and use efficiency; and community-based watershed manage-
ment; and (4) identify Afghanistan’s key challenges for addressing climate 
change, including a lack of expertise within relevant government institutions as 
a result of a low level of education, poor financing, and the fact that most gov-
ernment institutions are relatively nascent.

14.8.2  Bangladesh

Climate Change Strategy and Action Plan (CCSAP), 2009 of Bangladesh is a 
part of the over-all development strategy of the country. The climate change con-
straints and opportunities are being integrated into the over-all plan and programs 
involving all sectors and processes for economic and social development (MoEF 
2009). The major provision made in the plan include: (1) food security, social 
protection and health; (2) comprehensive disaster risk management; (3) infra-
structure development; (4) research and knowledge management; (5) mitigation 
and low carbon development; and (6) capacity building and institutional 
development.

National Adaptation Program of Action (NAPA) (MoEF 2005) includes pro-
visions like: (1) reduction of climate change hazards through coastal afforestation 
with community participation; (2) providing drinking water to coastal communities 
to combat enhanced salinity due to sea level rise; (3) capacity building for integrat-
ing climate change in planning, designing of infrastructure, conflict management 
and land water zoning for water management institutions; (4) climate change and 
adaptation information dissemination to vulnerable community for emergency pre-
paredness measures and awareness raising on climatic disasters; (5) construction of 
flood shelter, and information and assistance centres to cope with recurrent floods in 
the major floodplains; (6) mainstreaming adaptation to climate change into policies 
and programs in different sectors (focusing on disaster management, water, agricul-
ture, health and industry); (7) inclusion of climate change issues in curriculum at 
secondary and tertiary educational institution; (8) enhancing resilience of urban 
infrastructure and industries to impacts of climate change; (9) development of eco- 
specific adaptive knowledge (including indigenous knowledge) on adaptation to 
climate variability to enhance adaptive capacity for future climate change; (10) pro-
motion of research on drought, flood and saline tolerant varieties of crops to facili-
tate adaptation in future; (11) promoting adaptation to coastal crop agriculture to 
combat increased salinity; (12) adaptation to agriculture systems in areas prone to 
flash flooding in northeast and central regions; (13) adaptation to fisheries in areas 
prone to flooding in northeast and central regions through adaptive and diversified 
fish culture practices; (14) promoting adaptation to coastal fisheries through culture 
of salt tolerant fish species in coastal areas of Bangladesh; and (15) exploring 
options for insurance and other emergency measures to cope with climatic 
disasters.
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14.8.3  Bhutan

National Adaptation Program of Action (NAPA), 2006 of Bhutan aims to: (1) 
eradicate poverty, and achieve food security by increasing access to remote areas; 
(2) safeguard hydropower generation as the backbone of the economy; (3) promote 
gender equality and empower women (reduce gender disparity in tertiary educa-
tion); (4) reduce child mortality; (5) ensure environmental sustainability; and (6) 
minimize loss of life and livelihoods due to natural and climate related disasters.

14.8.4  China

The Government of China has adopted the principle of ‘equal treatment to develop-
ment and conservation’ since the early 1980s, with immediate emphasis on energy 
conservation as a matter of strategic importance (NDRC 2007). Energy conserva-
tion was promoted through development of legal provisions; in 1997, the Energy 
Conservation Law was introduced (Amended in 2007 and 2008) (Nachmany et al. 
2015) and in 2000, the Law on the Prevention and Control of Atmospheric Pollution 
was enforced.

In 2004, the ‘China Medium- and Long-Term Energy Development Plan 
Outlines, 2004–2020’ was approved by the State Council and the first China 
Medium-and Long-Term Energy Conservation Plan was launched by National 
Development and Reform Commission (NDRC). In 2005, the National People’s 
Congress adopted Renewable Energy Law and the State Council issued notification 
on the immediate priorities for building a conservation-oriented economy and for 
accelerating the development of a circular economy. Moreover, the State Council 
issued the decision to publish and implement the interim provisions on promoting 
industrial restructuring and to strengthen environmental protection by applying a 
scientific approach for development.

Further, in 2006, the State Council issued a decision to strengthen energy conser-
vation. All these documents serve as the policy and legal guarantee to further 
enhance China’s capability in addressing climate change. In 2006, National 
Guideline for Medium- and Long-term Plan for Scientific and Technological 
Development (2006–2020) and Renewable Energy Act (Amendment 2009) were 
issued (Nachmany et al. 2015) and in 2007, the China’s Scientific and Technological 
Actions on Climate Change was issued (China 2012). In the same year (2007), 
China’s National Climate Change Program (CNCCP) was introduced which strives 
to build a resource conservative and environmentally friendly society, enhance 
national capacity to mitigate and adapt to climate change, and make further contri-
butions to the protection of the global climate system (NDRC 2007).

In 2013, the National Strategy for Climate Change Adaptation was issued. 
Moreover, in 2014, the government of China passed the Energy Development 
Strategy Action Plan (2014–2020) and the National Plan for Tackling Climate 

14 Designing Water Resource Use for Poverty Reduction in the HKH Region…



256

Change (2014–2020) (Nachmany et al. 2015). The 12th Fiscal Year Plan (2011–
2015) and 13th Five Year Plan (2016–2020) include a number of environmental 
related goals pertaining to climate change. All these initiatives show that China is 
building institutional, technical and societal capacities to deal with the climate 
change. For this purpose, institutions like National Coordination Committee on 
Climate Change (NCCCC) and China Council for International Cooperation on the 
Environment and Development (CCICED) were established (King et al. 2012).

14.8.5  India

To address challenges of climate change, in 2007, the Indian government estab-
lished the Prime Minister’s Council on Climate Change (PMCCC). The Council, 
published the National Action Plan on Climate Change (NAPCC) in 2008 (GoI, 
PMCCC 2008) with the following guiding principles: (1) protecting the poor and 
vulnerable sections of society through an inclusive and sustainable development 
strategy, sensitive to climate change; (2) achieving national growth objectives 
through a qualitative change in direction that enhances ecological sustainability, 
leading to further mitigation of greenhouse gas emissions; (3) devising efficient and 
cost-effective strategies for end-use demand side management; (4) developing 
appropriate technologies for both adaptation and mitigation of greenhouse gases 
emissions extensively as well as at an accelerated pace; (5) engineering new and 
innovative forms of market, regulatory and voluntary mechanisms to promote sus-
tainable development; (6) effective implementation of programs through unique 
linkages, including with civil society and local government institutions and through 
public-private-partnerships; and (7) welcoming international cooperation for 
research, development, sharing and transferring of technologies enabled by addi-
tional funding and a global IPR regime that facilitates technology transfer to devel-
oping countries under the UNFCCC.

In addition, the NAPCC has visualized eight national missions to achieve sus-
tainable development along with advances in economic and environmental objec-
tives (GoI, PMCCC 2008). Among others, the National Water Mission and National 
Mission for Sustaining the Himalayan Ecosystem are directly linked with the water 
resources across the country, as well as the HKH region. The National Water 
Mission aims to ensure sustainable water supply by conserving water, minimizing 
waste and ensuring equitable distribution of water resources throughout India; and 
the National Mission for Sustaining the Himalayan Ecosystem aims to enhance 
understanding of climate change impacts and adaptations in the Himalayas. The 
information obtained from this mission will feed into policy formulation for suit-
able management practices for the Himalayan ecosystem. In order to decentralize 
the NAPCC, the Government of India has issued an order for all states to submit 
their respective State Action Plans on Climate Change (SAPCC), which have been 
reportedly prepared for almost all states and Union Territories across India.
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The National Water Mission, approved by the Cabinet in 2011, ensures inte-
grated water resource management, conserves water, minimizes wastage and 
ensures equitable distribution of water within states. The mission is run by the 
Ministry of Water Resources, River Development and Ganga Rejuvenation (2011). 
The five identified goals of the mission (MoWR 2010) include: (a) creating a com-
prehensive water data base in the public domain and assessing the impact of climate 
change on water resources; (b) promoting citizen and state action for water conser-
vation, augmentation and preservation; (c) focusing attention to overexploited areas; 
(d) increasing water-use efficiency by 20%; and (e) promoting basin-level integrated 
water resources management.

The mission document also aims to formulate river-linking projects. Since water 
is a state subject, the mission identifies the need for states to prepare their state- 
specific plans of action. It envisages that the respective State Specific Action Plans 
(SSAP) would conduct critical assessments of current water policies, formulate 
water budgets, and create comprehensive and integrated water plans for water secu-
rity, safety and sustainability till 2050 (MoWR 2010).

The National Environment Policy (NEP), 2006, provides relevant measures for 
conservation of mountain ecosystems (GoI, PMCCC 2008). The measures include: 
(1) adopt appropriate land-use planning and watershed management practices for sus-
tainable development of mountain ecosystems; (2) adopt “best practice” norms for 
infrastructure construction in mountain regions to avoid or minimize damage to sensi-
tive ecosystems and despoiling of landscapes; (3) encourage cultivation of traditional 
varieties of crops and horticulture by promotion of organic farming, enabling farmers 
to realize a price premium; (4) promote sustainable tourism through access to ecologi-
cal resources, and multi-stakeholder partnerships to enable local communities to gain 
better livelihoods, while leveraging financial, technical, and managerial capacities of 
investors; (5) take measures to regulate tourist inflows into mountain regions to ensure 
that these remain within the carrying capacity of the mountain ecology; and (6) con-
sider particular unique mountain- scapes as entities with “Incomparable Values”, in 
developing strategies for their protection.

14.8.6  Myanmar

National Adaptation Program of Action to Climate Change (NAPA), 2012, of 
Myanmar  (MoECF 2012) includes eight priority areas: (1) agriculture; (2) early 
warning system; (3) forest; (4) public health; (5) water resources; (6) Coastal Zone; 
(7) energy and industry; and (8) biodiversity.

The National Sustainable Development Strategy (NSDS), 2009, comprehen-
sively incorporates environmental considerations into social and economic develop-
ment to achieve the goal of sustainable development. The document identifies three 
main goals for the country: (1) sustainable management of natural resources; (2) 
integrated economic development; and (3) sustainable social development (NCEA, 
MoF, and UNEP-RC-AP 2009).
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14.8.7  Nepal

In Nepal, the National Five Year Plan provides strategic directions and a policy 
framework. Moreover, there are several legal/policy provisions to address climate 
change issues. For instance; the National Adaptation Program of Action (NAPAs) 
(GoN 2010), the National Framework for Local Adaptation Plans for Action (LAPA) 
(GoN 2011a), the National Climate Change Policy 2011 (GoN 2011b) and the 
National Adaptation Plans (NAPs) (GoN 2017) aim to address adaptation needs, 
and the National Strategies/Action Plans on Climate Change focus on monitoring, 
warning and response to climatic events. Various national climate change policies 
aim to steer the country towards climate resilient development (ICIMOD 2017).

The National Adaptation Program of Action (NAPA), 2010, has identified 
nine urgent and immediate climate change adaptation priority programs related to 
six thematic sectors: agriculture, forest biodiversity, water resources, health, infra-
structure, and disaster. It is the first comprehensive government response to climate 
change which has also specified a coordination mechanism and implementation 
modality for climate change adaptation programs in Nepal. It has provided a basis 
for developing and implementing adaptation projects in Nepal. The NAPA has 
established a multi-stakeholder Climate Change Initiatives Coordination Committee 
(MCCICC).

National Framework for Local Adaptation Plans for Action (LAPA), 2011, 
was developed by the Government of Nepal as an operational instrument to imple-
ment NAPA prioritized adaptation actions. Its goal is to integrate climate adaptation 
and resilience into local and national planning, and to incorporate the four guiding 
principles of being bottom-up, inclusive, responsive and flexible. The aim of the 
LAPA is to integrate climate adaptation activities into local and national develop-
ment planning processes, and to make development more climate-resilient.

The National Climate Change Policy (NCCP), 2011, was approved by the 
Government of Nepal in 2011 (GoN 2011b). The goal of the NCCP was to improve 
livelihoods by mitigating and adapting to the adverse impacts of climate change, 
adopting a low-carbon emissions socio-economic development path, and support-
ing and collaborating in the spirit of the country’s commitments to national and 
international agreements related to climate change. It has time-bound targets to 
address climate risks and vulnerability in the country.

The National Adaptation Plan (NAP), 2017 (MoPE 2017)  was constituted 
based on the experiences of NAPA and LAPA which provided opportunities for 
designing effective governance mechanisms that facilitate climate change adapta-
tions and livelihood activities at the local level. The NAP has two key objectives: (1) 
reducing vulnerability to the impact of climate change by building adaptive capacity 
and resilience; and (2) facilitating the integration of climate change adaptation in a 
coherent manner into relevant new and existing policies, programs and activities, in 
particular development planning processes and strategies, within all relevant sectors 
and at different levels.
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14.8.8  Pakistan

Pakistan is among the highly vulnerable countries with respect to the adverse impact 
of climate change, and requires policy formulation and enforcement. The National 
Climate Change Policy (NCCP) was instituted in 2012 which provides a framework 
for addressing the climate change issues faced by Pakistan at present and/or in the 
future (MoCC 2012; NCCP 2012). The over-all goal of the NCCP is to ensure that 
climate change is mainstreamed to the economically and socially vulnerable sectors 
of the economy and to steer Pakistan towards climate resilient development. The 
major objectives of the NCCP are to: (1) pursue sustained economic growth by 
appropriately addressing the challenges of climate change; (2) integrate climate 
change policy with other inter-related national policies; (3) focus on poverty and 
gender sensitive issues while promoting mitigation in a cost-effective manner; (4) 
ensure water, food and energy security in the face of challenges posed by climate 
change; (5) minimize risks arising from the expected increase in frequency and 
intensity of extreme weather events such as floods, droughts and tropical storms; (6) 
strengthen inter-ministerial decision-making and coordination mechanisms on cli-
mate change; (7) facilitate effective use of opportunities, particularly financial, 
available both nationally and internationally; (8) foster the development of appro-
priate economic incentives to encourage public and private sector investments in 
adaptation measures; (9) enhance the awareness, skill and institutional capacity of 
relevant stakeholders; and (10) promote conservation of natural resources and long 
term sustainability.

The Water Resources Related Policies and Provisions are inextricably linked 
with climate; thus, the projected climate change has serious implications for the 
HKH region’s water resources. Freshwater resources in the HKH depends on snow/
glacial melt (Table 14.1) and monsoon rains, both of which are sensitive to climate 
change. Country specific climate change projections strongly suggest a decrease in 
glacier volume and snow cover leading to alterations in the seasonal flow pattern of 
the Indus River System (IRS); increased annual flows for a few decades followed by 
a decline in flow in subsequent years; increase in the formation and outburst of gla-
cial lakes; higher frequency and intensity of extreme climate events coupled with 
irregular monsoon rains causing frequent floods and droughts; and greater demand 
on water due to higher evapo-transpiration rates at elevated temperatures.

14.9  A Case of the Koshi River Basin The Policy 
and Institutional Mechanism from Flood Risk Perspective

The Koshi River basin is shared by China, India and Nepal and there seems to be no 
preventative plan for water induced disasters such as flood risk management from 
a river basin perspective. The management of rivers is largely driven by water poli-
cies, while disasters of all types are governed by disaster management policies 
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(Neupane et  al. 2015). Despite being endowed with fertile land resources, water 
resources, potentiality of fisheries, hydro-power development and tourism, a higher 
incidence of poverty and low per-capita income is observed in the Koshi basin dis-
tricts than in the corresponding national figures (Neupane et al. 2015). According to 
Neupane et al. (2015), to support the livelihoods of the Koshi basin, water related 
interventions are an entry point. For this purpose, the governments should focus on 
basin/sub-basin level policies which should include investments on water related 
infrastructure. Institutional capacity building from local to trans-national scales and 
establishment of good water governance (local to trans-national level) can address 
the major issues of the Koshi basin and improve the livelihoods.

Neupane et al. (2015) reviewed the water policies and institutional mechanisms 
from the perspective of flood risk in the Koshi river basin. For China, the history of 
water legislation is short and the laws governing river basin management are recent 
(Shen 2009). In 2002, the Chinese government amended the Water Law 1988, to 
establish a legal foundation for integrated water resource management and demand 
management.

In Nepal, traditional water resources management practices were focused on the 
supply side, where only technical solutions were considered to meet the growing 
demand for water. There were sectoral agencies focusing on isolated projects on 
irrigation, drinking water supply and sanitation, hydropower, flood control, and 
other uses. Mostly independent sector authorities controlled these projects on the 
basis of command and control (WECS  2005). The result was inter-sectoral and 
inter-regional conflicts over water use, which led to problems in efficiency, equity 
and environmental considerations. To overcome these problems, Nepal has realized 
that development and management of water resources have to move from the sec-
toral approach to an integrated and holistic approach with greater participation of 
the community as well as other relevant stakeholders. Accordingly, the Water 
Resources Act, 1992; the Water Resources Strategy (WRS), 2002; and the National 
Water Plan (NWP) 2005 were developed by the government of Nepal which are 
long-term planning of water resources in Nepal (Fig. 14.3). The WRS 2002 was 
formulated and based on identified policy principles with an IWRM approach.

Likewise, India, in the national water policy of 2012, laid down the principle of 
equity and social justice, which considers the utilization and allocation of water 
through informed decision-making and established good governance systems. This 
principle ensures the participation of women and disadvantaged groups of people in 
planning, implementation and decision-making processes of water resource manage-
ment. Inter-basin water transfers are important not only for ensuring food security but 
also for meeting basic human needs and achieving equity and social justice.

The importance of having a unified perspective in planning, management and use 
of water resources has been recognized. Planning, development and management of 
water resources need to be governed by integrated perspectives considering local, 
regional, state and national levels, and keeping in view human, environmental, 
social and economic needs (MoWR 2012). The policy also recognized that river 
basins are to be considered as the basic unit of all-hydrological planning. There is a 
separate section on ‘institutional arrangements’ under the new water policy of India.
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The policy has strongly made two suggestions related to institutional aspects 
such as IWRM by taking river basin/sub-basin as a unit for planning, development 
and management of water resources. For this, the departments and organizations at 
the centre/state government levels should be restructured and made multi- 
disciplinary. The policy also suggests for appropriate institutional arrangements for 
each river basin to collect and collate all data on a regular basis with regard to rain-
fall, river flows, area irrigated for crops, utilization by both surface and ground 
water and to publish water budgeting and accounting based on the hydrologic bal-
ances for each river basin. In addition, an appropriate institutional arrangement for 
each river basin should also be developed for monitoring water quality.

Water Related Policy and Institutional Gap: All three countries- China, India 
and Nepal, of the Koshi River basin are facing increasing pressures of too much and 
too little water as a result of climatic factors, poor water governance and institu-
tional deficit. The situation calls for harmonizing the water related laws, regulations 
and acts with the policies and programs for flood and drought risk reduction in the 
basin. Moreover, water resources development is a multi-sector and multi-faceted 
concern and it calls for coordinated planning and management of irrigation, hydro-
power generation, water supply, industrial use, disaster risk reduction and environ-
mental protection.

The review carried out on the Koshi Basin Area showed that the coordinating 
role of existing institutions is very limited as most water management activities are 
being carried out by different water use sectors and sectoral agencies working at 

Fig. 14.3 The Karnali River in Nepal: About 210.2 million liters per day (MLD or km3/year) 
water flow out of the country from all the rivers of Nepal. (Photograph by S. Thakuri)
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different administrative units (Neupane et al. 2015). It seems that most of the legal 
and institutional arrangements in China, India and Nepal are first targeted at the 
central level where several ministries, commissions, authorities and departments are 
involved for the development and regulation of water resources, although in most 
cases they are uncoordinated and fragmented.

Moreover  water induced disaster risk reduction policy is not adequately con-
nected with water management policies and institutions in the basin countries. This 
policy is greatly needed for the Koshi basin, as it is among the most disaster prone 
of the ten rivers that flow from the Hindu Kush Himalayan region.

14.9.1  Stand Alone Approaches of Flood Risk Management

The current disaster risk management approaches and practices by the three coun-
tries in the Koshi River basin have adopted independent paths focused merely on 
mitigating floods, while ignoring the holistic IWRM approach of water storage, 
water management and water-based livelihoods. In the downstream of the Koshi 
River basin, particularly, in Bihar, the flood risk can be reduced primarily by the 
construction of embankments. While, embankments helped reduce flood risk for 
some locations in the Koshi River basin in Bihar, they also proved to have adverse 
effects such as interference with drainage and the inability to handle erosion.

In the changing mountain context, communities in the Koshi basin have been 
responding to environmental uncertainties and hazards through diversifying liveli-
hood options, changing land use patterns, seasonal migration and by changing food 
habits and sanitation practices (Eriksson et al. 2009). To strengthen this process, the 
national policies and institutions have an important role to play by making sure that 
local needs, priorities and concerns are reflected in the broader and integrated 
decision- making on a river basin scale. A study conducted by ICIMOD in China 
(Yunnan), India (Bihar) and Nepal (Koshi Basin Area) showed that effective and 
integrated use of existing policies, institutional frameworks capabilities and enabling 
conditions coupled with access to livelihood options and opportunities can enhance 
the capacity to respond successfully to environmental uncertainties, including water 
stress and hazards (Eriksson et al. 2009).

14.10  Conclusions and Perspectives

The HKH region is rich in water resources, but they are unevenly distributed among 
the countries. Water resources could be used for economic prosperity in the region 
by maximizing the benefits of this renewable resource. Poverty reduction and food 
security should be the major goals of better water management. We underline the 
needs of international cooperation, institutional framework, and regional thinking.
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In all eight countries of the region, climate change related policies and plans are 
well covered in the country and regional governance. Some countries have more 
pronounced programs, such as China’s National Climate Change Program and Five- 
Year Plan. India, Nepal and Pakistan seem well prepared to respond to climate 
change in the Himalayan environment. Bhutan has strategies by maintaining the 
forest coverage and biodiversity conservation. These policies, plans and programs 
help address climate related issues in the HKH region.

The HKH region is known as water resource rich region; however, its use is not 
properly optimized. People from this region depend on water resources for drink-
ing, irrigation, food, hydropower, sanitation, and industry, as well as for the func-
tioning of important ecosystem services. Prosperity of the region lies in maximizing 
the use of water resources and ensuring efficient use of the resources. Further, the 
region is prone to water induced disasters such as landslides, floods, glacial lake 
outburst floods, and droughts. Due to its physical setting, the HKH region is prone 
to various water-induced hazards (e.g., landslides, floods, glacial lake outburst 
floods, and droughts). Responses to address these potential disasters are needed to 
ensure the living quality of the people.

Considering the high rural poverty in Bangladesh, Pakistan, Nepal, Afghanistan, 
Myanmar and Pakistan, water management becomes meaningful to address the pov-
erty issues of the region. There are examples of proper use of water in agriculture, 
food security and energy in parts of Bhutan, China and India.

Water, being linked with livelihoods and development should be properly 
researched; the water body types, Himalayan ecosystem services, require scientific 
and policy data.

The human population in the HKH depends on water resources for multiple pur-
poses, which could be achieved only through regional cooperation. Thus, regional 
cooperation in transboundary waters and related issues should be met through water 
resources research, management, and efficient water use. Different bilateral and 
multilateral institutions are working on these issues and they need to be fostered 
further for the efficient use of water.
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Chapter 15
Indigenous Practice in Agro-Pastoralism 
and Carbon Management from a Gender 
Perspective: A Case from Nepal
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Abstract Indigenous knowledge is the means making the practice possible in live-
lihood activity of HKH region. Pasturelands management and agropastoral activi-
ties carried out by indigenous people produce enough carbon and sequester large 
quantities of aboveground and belowground carbon. Such activities by indigenous 
people in Nepal Himalaya may have widespread effects on regional climate and 
global carbon cycles. This chapter showed the evaluating of indigenous gender per-
spective in the carbon management in Gatlang VDC of Rasuwa District, Nepal. The 
findings revealed that most of the labor related to agropastoral activities carried out 
by women contributed to carbon input and output, but their role was hardly recog-
nized and valued. In the major decision-making process, women had either no or 
little say. Women contributed more than men to carbon input and output activities 
and. Therefore, their role in carbon management should be given proper attention.

Keywords Agropastoral · Carbon sequestration · Decision making · Gender 
equality · Nepal Himalaya · Women contribution

15.1  Introduction

In the Himalayan region, the relationship of local people with its environment and 
natural resources has evolved through arduous experiences of different survival 
(Samal et al. 2000, 2003, 2004). These experiences helped evolve tools, technolo-
gies and practices for sustenance of the production systems in balance with eco-
nomic conditions and ecological specificities (Samal and Dhyani 2005; Samal et al. 
2000, 2004). These eco-culturally evolved ecosystem specific tools, technologies 
and practices constitute integral parts of appropriate innovative strategies, otherwise 
called the indigenous knowledge system that effectively conserves resources and 
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also allows options for their optimal use (Singh 2006; Berkes et al. 2000; Gadgil 
et al. 1993; Chambers et al. 1989). Indigenous knowledge, therefore, is of crucial 
significance if one wishes to introduce a cost-effective, participatory and sustain-
able development process (Warren 1991). The indigenous knowledge in the 
Himalayan ecosystem, therefore, serves as a cultural and natural capital (Berkes and 
Folke 1992), assisting the native societies to ‘live in harmony with nature’ (Gadgil 
et al. 1993). This knowledge is passed on from generation to generation, in which 
the women in the region have a major role to play in view of their responsibility 
(Samal and Dhyani 2005).

In Nepal, 12% of the country is classified as rangelands (LRMP 1986; 
Rajbhandary and Pradhan 1990; Rai and Thapa 1993; Shrestha 2001), with most 
being located in the hilly and mountainous areas of northern Nepal (LRMP 1986). 
Although not large in terms of land area, these rangelands have numerous functions 
that provide significant ecological and livelihood values for Nepal’s mountain soci-
eties. Nepal’s rangelands and their biological and physical resources play a critical 
role in the region’s overall economic development and in the people’s well-being. 
Animal husbandry depends on rangeland grazing and makes up a small but impor-
tant part of farming practices for ethnic groups living in northern Nepal (Rai and 
Thapa 1993). Apart from hosting herders, livestock and wildlife, Nepal’s rangelands 
provide numerous ecosystem services, including watershed and biodiversity con-
servation and carbon sequestration, as well as sites for tourism (Miller 1997).

Transhumance pastoralism is the seasonal migration of livestock and humans 
between many agro-ecological zones. It is an age-old practice in many mountain 
regions (Byers 1996; Rota and Sperandini 2009). In the Himalaya, pastoralists have 
transformed the ecosystem into economically productive assets for their livelihoods 
for more than 1000 years, and even today the region provides a home for a large 
number of people dependent on livestock (Miller 1999; Byers 1996; McVeigh 2004; 
Kreutzmann 2012). In grassland-livestock production in many mountain areas and 
in other pastoral communities (Radel and Coppock 2013), the role of women and 
men differ substantially (Shang et  al. 2016; Khadka and Verma 2012) and their 
contribution to carbon balance can differ greatly (Cecelski 2000; IFAD 2004; OECD 
2008). In the Hindu Kush Himalayan region, women’s contributions to the conser-
vation and management of forests, ecologically sensitive areas, water springs, and 
biodiversity resources are immense (Karki and Gurung 2012; Gurung et al. 2011; 
Khadka and Verma 2012; Khadka et  al. 2014). However, their participation in 
decision- making and benefit sharing is poor throughout the region (Parajuli et al. 
2010; Bhasin 2011). The majority of women have unequal access to productive 
resources such as land, enterprise, education, skills, information, and decision- 
making power (Gurung et al. 2011). Many activities in this region in agriculture and 
household chores are largely done by women. Large scale migration of men from 
the Himalayan region has attenuated the women’s socio-economic responsibility, 
enforcing them to be heavily involved in food production. Women in the Himalayan 
region generally work long hours, attend to cattle, collect fuel, fodder and water in 
addition to performing normal duties at home, apart from managing agriculture. 
This study was undertaken to assess gender differences in agro-pastoral activities 
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and in contribution to carbon management and decision-making of the Tamang eth-
nic community in the Himalayan region of Nepal.

15.2  Methods and Methodology

15.2.1  Description of the Study Area

The study was carried out at the Gatlang Village Development Committee (VDC) of 
Rasuwa district of Central Nepal (Fig. 15.1). The area lies between 27° 55′ to 28° 
25′ N latitude and 85° 00′ to 85° 50′ E longitudes with an altitude ranging from 617 
to 7227 m within an area of 1512 km2. Gatlang, one of the VDCs of Rasuwa district, 
is geographically located in the mid-hills (2200 m) in a temperate zone. According 
to the Centre Bureau of Statistics (CBS 2011), there are 400 households with 1805 

Fig. 15.1 Map of study area in Nepal
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inhabitants of which 888 are men and 917 are women. The small population of the 
village is dominated by Tamang group, one of the indigenous tribes of Nepal and 
Tibetan speakers of specifically Tibetan descent living in Nepal (Goldstein 1975). 
The transhumance High Himalayan grasslands livelihood activities are found in the 
study area.

15.2.2  Research Approach

Thirty families of the Tamang ethnic group living in Gatlang VDC who are directly 
and indirectly linked with agro-pastoral livelihood were selected by using purposive 
sampling method for the survey. Data were collected one time from field study com-
prising semi-structured interviews in  local language with herders and farmers of 
Gatlang by research team. All pastoral related livelihood activities were considered. 
Similarly, four focus group discussions were carried out with women, men and 
mixed groups. Key informants survey and observation of rangeland management 
were carried out. For carbon management, carbon input and output activities by 
men and women were studied.

15.3  Results and Discussion

15.3.1  Transhumance Pastoralism Practice

The Tamang ethnic groups of Gatlang VDC own some land and at least a few cattle 
for their subsistence. This mode of life is achieved through a division of labour 
within the family and the system of temporary accommodations called goth (animal 
shed). Two members of the family, usually an older parent (wife and husband) live 
either permanently or in rotation with other family members in the goths of Kharkas 
(higher pasture land). A minimal collection of household utensils is stocked, 
together with equipment for butter making. In the past a whole family used to live 
in the goth leaving the main village house for storage purposes. But recently, only 
old parents and daughter-in-law of each house live in a goth because the son of the 
family either works outside the village or owns a business in the village. Different 
composition of the herds such as only sheep (Fig. 15.2), only yak, only Chauri (cross 
between cow and yak) alone or a mixture of any two or three are maintained by the 
herders. Yaks do not thrive at low altitudes and, consequently, they are not kept in 
high numbers. The main purpose of keeping yak is for breeding. They prefer the 
Chauri (dzo-mo), yak-cow crossbreds, which provide more milk (Dong et al. 2009). 
Many people also keep sheep principally for their wool, which the women and men 
card, spin and weave to make jackets worn by men and Syama or black cloth worn 
by women.
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15.3.2  Sustainable Transhumance Pastoralism and Role 
of Women

Every month, the herds of Chauri, yaks and sheep are moved to fresh pastures, usu-
ally on a collectively agreed date, and the herder and cattle in the course of the year 
travel considerable distances over a defined course. Livestock reach the highest 
point during June to September. With the approach of winter they decend to Gatlang.

Herders of Gatlang move in a definite route and time pattern throughout the year 
to graze their livestock (Fig. 15.3). Their movement starts from the main permanent 
settlement of Gatlang village, at about 2000 m, where they stay for about 1 month, 
mid-April to mid-May. In summer for 4 months (June–September) in the rangelands 
above Gatlang village and about 7 months (mid-October to mid-May) in the grazing 
areas. Herders reach to the lowest point in mid-November where they spend about 
two and half months during the peak winter season. They move upward with the 
onset of spring season and reach to the high elevation rangelands at about 
4000 m a.s.l. in mid-June and stay till mid-September. After mid-September (with 
the onset of winter, herders gradually move to low altitude areas resting for a few 
days in stops at different elevations before they reach to the lowest point in mid of 
November. Herders use the same route every year. According to Dong et al. (2009), 
in indigenous transhumance grazing system, different herds are grazed in different 
sites by the farmers according to their adaptability.

Normally, Chauri and sheep are moved gradually from alpine pastures at Peak 
Mountain as high as 4000–5000 m in summer to forest areas in the downstream val-
ley as low as 1500–2000 m in winter. The Yaks never go down below 3000 m and 

Fig. 15.2 Sheep grazing in pasture land of Gatlang VDC, Rasuwa (Photography by Rashila 
Deshar 2018)

15 Indigenous Practice in Agro-Pastoralism and Carbon Management from a Gender…



272

spend the winter in sub-alpine pastures. The cattle, are herded in summer and graze 
on village scrubland or the stubble-field of cultivated zone in winter (Fig. 15.3). 
This seasonal shifting of livestock from one pasture land to another has maintained 
sustainability of pasture land of Gatlang village.

The rotational grazing of the pasturelands, according to feed availability, is an 
example of the deployment of indigenous knowledge adapted by local farmers of 
the village. With a high out-migration of men, women now play even a more crucial 
role in the rotational grazing management in the village. The Mother’s Group, which 
is actively involved in such management, has developed regulations that even 
impose penalties for breaching the rules. A local herder said that such rotational 
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Fig. 15.3 Indigenous transhumance pastoralism of Chauri and sheep (–) and Yak (∙∙∙) in Gatlang 
VDC, Rasuwa (adapted from Dong et al. 2007)
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grazing management by women has protected pasture land from being overgrazed 
and helped increase forage production. The ownership of traditionally practiced 
rotational rangeland management has now been taken by women. It has become a 
key strategy to make use of the scattered rangeland resources on a large spatial scale. 
Furthermore, such pastoralists’ indigenous knowledge about ecology and social 
organization provided the information base for rangeland management strategies 
appropriate to deal with climate change (Homann et al. 2004). There is increasingly 
robust scientific evidence to show that pastoralism supports extensive livestock pro-
duction in the rangelands which is one of the most sustainable food systems in the 
world. More than two decades of research has provided evidence that pastoralism is 
economically rational and viable, and is a vital tool for poverty alleviation, and 
large-scale conservation and ecosystem management (McGahey et al. 2015). In all 
these activities, women have immense roles and responsibility.

15.3.3  Men and Women Labor in Agropastoral Activities

The occupation of Gatlang people are mostly agro-pastoral based. Gatlang has a 
diverse geography revealing various land uses (agriculture, forest, built in area, 
water bodies). Cultivated fields are generally in sloped terraces in the vicinity of the 
main villages. Climatic conditions differ markedly over short distances owing to the 
wide altitude variation, permitting several growing seasons and variety of crops. 
The severe cold climate throughout the year are favorable for specific crops such as 
potatoes, maize, beans, barley, lentil and finger millet. The staple diet consists of 
maize flour and potatoes. Most families own land, however, the size of holding var-
ies. Whatever crop is produced from the land is enough for about 6 months. Thus 
animal husbandry is of importance to supplement the food requirements. Each 
household has an average of two cattle, 15 sheep and goats and ten yaks and chauri. 
A total of 23 different agro-pastoral related activities were studied including milk-
ing, fuel firing, cooking, collecting firewood and litter, grazing livestock, collecting 

Table 15.1 Men and women labor in agro-pastoral activities at Gatlang VDC

Agropastoral labors
Gender 
labor

Cooking lunch and dinner, cooking food of livestock, fetching water, washing cloths 
and dishes, dung collection, and labour exchange culture (Parma) between neighbors 
for wool weaving and preparing woolen cloths mostly done at night, planting and 
weeding

Women

Firewood, grass and leaf litter collection from forest, scouring and spinning wool, 
weaving, seeding, timber collection, chopping wood, milking, transporting milk to 
cheese factory, grazing livestock, raising and collecting livestock, sheep shearing, 
fertilizing, cultivation and harvesting

Men and 
women

Ploughing Men
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and drying manure, shearing, scouring, spinning of wool and weaving woolen 
cloths (Table 15.1). In all these activities, female are more responsible than male.

At the time of crop planting and harvesting, both men and women work together 
in field. Most work related to agriculture is done by family members. Ploughing is 
done by the man with personally-owned oxen and plough or borrowed oxen from 
the few families who own them. However, some particularly labour intensive tasks 
such as weeding, planting millet, and reaping are carried out in small groups usually 
of kin or friends. The need for labor force is fulfilled in three ways: family members, 
hired people and labor exchange known as “parma”. Weeding is generally done by 
women, reaping by mixed groups and ploughing always by men. Women undertake 
almost all of the agriculture activities such as planting, weeding, manuring and har-
vesting. Men are busy with livestock and other work during day time. The typical 
day of Gatlang women consists of at least 18 hours of continuous work (Table 15.2). 
In comparison to women, although men performed hard work, working time is 
much less (two third).

Table 15.2 Daily work calendar of family, Gatlang VDC

Time Husband Wife

4:00 Sleeping Get up from bed
5:00 Get up from bed Milking, cooking food for livestock, fetching water, cooking 

breakfast and lunch, washing cooking utensils and clothes6:00 Drink tea and go 
to sell milk in 
cheese factory

7:00
8:00
9:00 Returning home 

for lunch
Eating lunch only after serving food to all family member

10:00 Take rest Washing cooking utensils, collecting firewood, grass and leaf litter 
from forest and looking after livestock and collet dung from 
grazing area. During the season, planting and harvesting. Labour 
exchange (Parma) for seeding, planting and harvesting with 
neighbours

11:00 Looking after 
livestock or 
planting and 
harvesting

12:00
13:00
14:00
15:00
16:00 Returning home 

and resting
Returning from grazing land or agriculture land and scouring and 
spinning wool and weaving17:00

18:00
19:00 Fetching water and cooking dinner
20:00 Eating dinner and 

going to bed
Serving dinner to all family members and eating dinner. Washing 
cooking utensils and cleaning kitchen

21:00- Scouring, spinning and weaving of wool and preparing woolen 
cloths. Parma (labor exchange) between neighbors for wool 
weaving and preparing woolen cloths

22:00

23:00 Going to bed
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15.3.4  Men and Women Labor Contribution to Carbon 
Management

The agro-pastoral activities of Gatlang VDC that are directly related to carbon man-
agement in terms of carbon input (Table 15.3) and output activities (Table 15.4) 
were studied. The carbon output activities such as cooking, burning, boiling, milk 
warming, shrubs and tree felling, litter collection, dung collection from rangeland 
and firewood collection are mainly carried out by women. Similarly, another source 
of carbon output in the carbon cycle was seen from the sale of livestock products 
such as milk, meat, leather and woolen cloths to areas inside and outside the 

Table 15.3 Carbon output activities done by men and women

Carbon output activities Gender role

Cooking, burning, water boiling, milk warming, wool shearing, scouring, 
spinning and weaving of woolen cloths

Women

Collecting firewood, dead tree cutting, and cultivation and harvesting Men and women
Tree felling, chopping of wood, making cheese, sale of milk and meat Men

Table 15.4 Carbon input activities done by men and women

Carbon input activities Gender role

Grassland management, planting of crops, wool shearing, scouring, spinning 
and weaving of woolen cloths

Women and men

Dung collection for manure from pasture land Women

Fig. 15.4 The forest near rangeland is degraded due to over extraction of fuelwood (Photography 
by Rashila Deshar 2018)
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grassland ecosystem. Different traditional cloths are made from wool of sheep, 
Chauri and yak. Manure storage methods and the amount of exposure to oxygen and 
moisture can produce greenhouse gases such as methane (CH4). In the study area, 
the dung was collected from the grazing area by women and piled in one place 
which was later used as fertilizer in the field. This activity releases methane gas into 
the atmosphere. Capturing CH4 from manure decomposition to produce biogas, a 
renewable energy, was not practiced in the village. Livestock dung was used only as 
fertilizer, and for cooking fuelwood was used which has caused deterioration of 
many forest areas (Fig. 15.4).

The households are still typified by the traditional open fire wood stove (a tripod 
type) without a chimney and good ventilation, symbolizing primitive cooking prac-
tices (Fig. 15.5). From focus group discussions, it was found that for cooking pur-
poses, the required energy was obtained from fuelwood. According to the Central 
Bureau of Statistic ( 2011), among 400 total households in Gatlang, 398 households 
used firewood for cooking. Some houses have switched to liquefied petroleum gas 
(LP gas) for cooking but still they are dependent on firewood. In average 0.6 of a 
cylinder of LP gas was consumed by a household per month.

Furthermore, in average, 10 kg of fuelwood was used by a household per day. 
The cooking activities include: cooking food, warming water and food for livestock, 
warming milk and occassionally making alcohol. Dead trees were used as fuel-
wood, which was collected from the nearby forests by men and women when they 
visited forest with grazing livestock. In the pastoral regions of the Tibetan Plateau 
of China, collection of livestock dung for the use of fuel instead of fuelwood is very 
common. Yak dung is an important source of fuel in an area where firewood is not 

Fig. 15.5 A woman of Gatlang VDC cooking on a traditional open firewood stove (Photography 
by Rashila Deshar 2018)
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available (Miller 1999). Most Tibetan families use only yak dung for cooking and 
heating, as their limited income does not allow them to purchase fossil fuels. 
Families live in either tents or stone homes and, for economic reasons, use mainly 
simple stoves without chimneys (Xiao et al. 2015).

Carbon emission can lead to health deterioration and cause cardiovascular dis-
eases and respiratory disorders. Women are most vulnerable to these health hazards 
as they do the cooking and spend the most time near the fire. The dependency of 
households on LP Gas is very minimal. One cylinder LP Gas is enough for 
2–3 months in average.

15.3.5  Men and Women in Household Decision Making

Women make household decisions such as purchasing daily household goods. 
However, for major purchases such as land, cattle and other property, the decision 
of women are not considered. Literate male respondent (30%) allowed their wives 
to participate in major household decisions, while literate female respondents (3%) 
made major decisions either alone or jointly with their husbands. However, with 
illiterate male (30%) and illiterate female (37%) respondents wives were not allowed 
or didn’t participate in major decision making processes. Furthermore, it was 
revealed that literacy plays a major role in decision making (χ2 = 5.625, df = 1, 
p = 0.017) in both males and females. Educated men allowed their wives to partici-
pate in household decision and educated females participated with their husbands in 
decision making. Therefore, education of women should be promoted so that 
women can play an equal role in household decision making.

Interestingly, despite the qualification of women, they are still found active in 
different household as well as social activities. Women were found to be more con-
fident in managing agro-pastoral activities than men as was reported in the Tibetan 
region of China (in review of Shang et al. 2016). Due to traditions and religious 
beliefs in Tibet, women undertake most of the heavy labour associated with agricul-
ture and livestock production (Dong et  al. 2003) while men handle most of the 
decision- making. Nepal, like most societies in South Asia, was a rigidly patriarchal 
society in which most women received little or no formal education and had limited 
decision-making power in the household (Tamang 2000; WHO 2009; Paudel 2011). 
The condition of women was strictly controlled by patriarchal norms of the society 
(Acharya 1994) and women were generally subordinate to men.

15.4  Conclusion

In Gatlang VDC of Rasuwa District, most of the labor related to agro-pastoral activ-
ities was carried out by women. Women were found more social and engaged in 
collective works. Women were able to make minor household purchases, but not 
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major household purchase. Women have a played major role in carbon output and 
input. The physical activities of women are integrally involved in carbon balance 
through their roles in livestock husbandry and fuelwood management, much more 
so than men. In essence, their daily activities are the key to the carbon cycle in high 
altitude grassland ecosystems. The study recommends that education of women be 
promoted so that they can participate equally in household decisions. Women should 
be given more opportunities for involvement in social development and ecosystem 
management. The important role of women in carbon management should be given 
greater prominence. Women should receive more credit for their roles in livestock 
production and management for the promotion of women’s economic and social 
empowerment. Furthermore, governments should acknowledge the key role of 
indigenous high land people, especially women, in maintaining grasslands through 
their sustainable landscape management and livestock husbandry systems.
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Chapter 16
Adaptation by Herders on the Qinghai- 
Tibetan Plateau in Response to Climate 
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Abstract There are changes in livelihood strategies of five Tibetan herder com-
munities in the face of climate change and government policies such as adjustments 
to use rights and restricted herder mobility. Data collection relied on a mixed-
method approach, including household surveys and rural rapid appraisals (PRA). 
Results indicated that yak husbandry is the main source of livelihood and house-
holds have a restricted range of livelihood activities. Major coping strategies varied 
with production system and resource availability and options for mobility of herds. 
The perception of a majority of respondents was that land tenure reforms had led to 
creation of more bureaucracies, forced sedentarization, livelihood insecurity, col-
lapse of pastoral adaptation, poverty, resource use conflicts and hindrance to long- 
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vulnerability.
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16.1  Context and Setting

China’s vast western regions include some of the world’s highest mountains and 
driest deserts. The Qinghai-Tibetan Plateau (QTP) is an area of about 2.5 million 
km2 that is the location of the headwaters of many large and important rivers. These 
include transboundary ones like the Brahmaputra, the Ganges, the Mekong, the 
Yellow and the Yangtze rivers (Fig. 16.1).

Inaccessibility and marginality make mountains one of the toughest environ-
ments for agriculture in terms of diversification of pastoral activities, resulting in a 
higher prevalence of vulnerability and warranting particular attention for sustain-
ability of the overall mountain systems (Rashid et al. 2005). In spite of the complex 
challenges, pastoralists adopt suitable strategies to sustain their livelihoods, with 
their ability to transform the extensive marginal rangelands into economically pro-
ductive areas (Mishra et al. 2010).

16.2  Scope and Purpose of this Chapter

Our goal was to understand how future climate change would affect the alpine 
rangeland community and the present (potential) adaptive mechanisms of the herder 
community to climate change. We were also interested in the likely impact of both 
climate change and the herder’s adaptation strategies on carbon sequestration. Some 
adaptive strategies that have proven to be successful in the past may no longer be 
viable options. This has implications for the retention and transfer of local 

Fig. 16.1 The Qinghai-Tibetan Plateau nurtures nine major rivers in Asia, providing 1.3 billion 
people with freshwater
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ecological knowledge (LEK) as discussed below. The shift from subsistence to a 
market-economy, is characterized by the necessity now for cash, the changing mar-
kets, and new consumer demands for eco-cultural tourism. All of these impinge on 
daily life of herders. Cash is required to pay for schooling of the children, for trans-
port of goods to and from market and so on.

It is critical to gain a better understanding of pastoralists’ strategies in light of 
increasing climatic variability, growing competition for land, rising population and 
decentralization. These facts have informed our research. This study assessed the 
changes in livelihoods as coping strategies to climate variability and restricted 
mobility in the cold and arid lands of the QTP with particular focus on traditional 
yak-based including: pastoral, systems to gain a better understanding of: (1) changes 
in livelihood activities; (2) coping strategies to avert vulnerability associated with 
changes; (3) challenges and vulnerabilities of livelihoods associated with transfor-
mation; (4) the likely consequences for carbon losses and gains.

16.3  Methodology

A cross section exploratory study was conducted to understand the changes in liveli-
hood strategies of five Tibetan herder communities in the face of climate change and 
government policies such as adjustments to use rights and others, including restricted 
mobility. Data collection relied on a mixed-method approach, including household 
surveys and rural rapid appraisals (PRA). Questionnaire-based qualitative surveys 
were conducted in five herding communities to understand how the recent changes 
in the legal framework and changing climate have caused specific changes in yak 
husbandry practices. A sample of the major grouping of the issues canvassed in the 
survey is shown in Box 16.1.

The five herder communities were spread across the QTP from sites in western 
Qinghai to sites with in the Tibetan Autonomous Region (TAR). Altitudes ranged 
from 2800 m a.s.l. to 4300 m a.s.l. All the herder communities surveyed were ethnic 
Tibetans, all relied for their livelihoods on yak husbandry and seasonal work 
involved in collection and sale of Ophiocordyceps sinensis – a remarkable combina-
tion of a grass, fungus and caterpillar. It is known locally as ‘God grass’. The fungus 
that invades the body of the caterpillar has medicinal properties and the product has 
high monetary value (Fig. 16.2).

Box 16.1 Principal Issues Explored in the Five Tibetan Herder 
Communities in this Study
Demography, kinship and household structure

Age distribution, gender balance, family structure, kinship

Income sources and expenditure
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Fig. 16.2 Picking Ophiocordyceps sinensis from the grassland (Photography by Yongqiang)

Contribution from herding, alternative income sources, migrant labor
Role of Cordyceps sinensis
Cultural and eco-tourism benefits and impacts
Expenditure on festivals, weddings, funerals, gifts to the temples

Perceptions about government policy

Impact of grazing bans
Consequences of restricted access to high altitude summer pastures
Attitudes toward conservation efforts, national parks and reserves
Experience with sedentarization and re-settlement

Perceptions about climate change

Impact of warmer winters, longer autumns
Rainfall and snow—changing patterns impacting herding practices
Glacial retreat—pros and cons

Adaptive strategies to cope with change

Herding practices
Impact of cash economy
Arrangements about schooling, health, welfare

Herder outlook and future prospects

Impact of ageing on herders
Attitude of younger generation toward traditional herding
Perceptions of grassland degradation and prospects for recovery
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16.3.1  Pastoralism on the Qinghai-Tibetan Plateau: Yak 
Husbandry As a way of life and means of livelihood

Pastoralists on the QTP have sustained their economies through efficient utilization 
of grassland resources by high altitude livestock species, such as yaks (Poephagus 
grunniens). However, pastoralism is evolving more rapidly due to changes in the 
socio- economic, institutional and policy environments (Shreshtha 1994). Several 
authors (Roder et  al. 2002; Tulachan and Neupane 1999; Wangchuk et  al. 2006, 
2014) noted that socio-economic development was the main driver of change in the 
highland pastoral systems of the QTP. Yak husbandry is the main livelihood source 
for the high- altitude communities (Hua and Squires, 2015).

Pastoralism based on exploitation of dry lands and often some form of herd 
mobility has been historically practiced in many parts of the world, including the 
QTP. Pastoralists live in a context of environmental uncertainty albeit worsened by 
climate change. Consequently, pastoralists developed a diverse range of strategies, 
institutions and networks to exploit this unpredictability and risks to their advan-
tage. Exploiting common natural resources such as grazing land or forest can pro-
vide income, food, medicine, tools, fuel, fodder, construction materials, and so on. 
The means by which poor households gain income and meet their basic needs are 
often met by multiple livelihood activities and survival strategies that may include 
employment as migrant workers but in the mountainous regions of QTP that option 
is not readily available. Livestock mobility, controlled breeding and grazing, were 
the three major critical strategies although these have not been fully taken advantage 
in government policy.

The global perceptions about pastoralism in these marginal lands are however 
rapidly changing. Thus it is critical now to gain a better understanding of the pasto-
ralist strategies in light of increasing climatic variability, growing competition for 
land, rising population and decentralization to provide and sound policy advice. 
Livestock mobility was the principal means by which pastoralists coped with and 
took full advantage of natural resource variability in dry lands (Behnke et al. 1993; 
Scoones 1994). However, over the last three decades, scholars working with pasto-
ral groups from both the northern and southern hemisphere have reported an almost 
universal decline in herd mobility, caused by commoditization of the pastoral econ-
omy and villagization policies (Fratkin 1997). Sedentarization has been particularly 
impeded by declines in communal grazing land, widespread land use change, and 
wildlife conservation.

Although mobile pastoralism is economically viable, environmentally friendly, 
securing livelihood for many people and causing less ecological impact (Scoones 
1994), many countries have taken up structural adjustments including: land indi-
vidualization, public asset privatization leading to loss of communal grazing 
resources and limiting pastoral mobility. Livelihood diversification has been one of 
the strategies to manage changing climate extreme events. According to Ellis (1998), 
livelihood diversification is the process by which rural families construct a diverse 
portfolio of activities and social support capabilities in order to survive and to 
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improve their standards of living. This has forced pastoralists to seek alternative 
means of production, sources of livelihoods and in some cases where appropriate, 
destocking, regulated mobility, renting of grazing resources, seeking for cash-based 
livelihoods through employment in eco- and cultural tourism, harvesting Cordyceps 
have been alternatives. Unfortunately, these coping strategies have not been assessed 
to inform policy for sustainable human livelihoods and environmental protection for 
contribution to the QTP’s socio-economic transformation and environmental 
resilience.

16.3.2  Climates are Changing on the Qinghai-Tibetan Plateau

The Qinghai-Tibetan Plateau, the largest and highest plateau in the world, is known 
as the “third pole” on the Earth and is highly sensitive to climate change (Qiu 2008). 
Climate warming has become an undoubted fact (Vitousek 1994; Ma et al. 2014). 
Over the past six decades, the rate of climate warming on the Tibetan Plateau has 
been more than twice the global average (Chen et al. 2013). Along with the change 
in the precipitation pattern (Shen et al. 2015), how this dramatic climate change 
affects the sensitive alpine ecosystem of the Tibetan Plateau has long been taken as 
an important question in ecological research. The Tibetan Plateau is a typical alpine 
region where alpine meadow vegetation serves as a major natural resource for local 
herdsmen’s livelihoods and sustains livestock production (Haynes et al. 2014).

The QTP is a critical area of plant diversity that is sensitive to global climate 
change, and plants in this alpine ecosystem are particularly vulnerable to climate 
change (Ma et al. 2014). Climate warming has changed the species composition and 
community structure in alpine ecosystems and exerted both positive and negative 
effects on alpine plant diversity (Zhao et  al. 2015; Shang et  al. 2017). Climate 
warming may lead to the loss and fragmentation of suitable habitats, and whether 
plant diversity will change as predicted depends on whether there is sufficient time 
for the migration of alpine plants and their substitution between species. It has been 
shown that the rate of warming at high altitudes is much higher than that at low 
altitudes (Chen et al. 2013).

16.3.3  Temperature Change in China’s Grassland Regions

The IPCC has predicted that the temperature would increase by an average of 1.1–
6.4 °C on the Earth’s surface by the end of this century. Analysis of meteorological 
data from the study area for 65 years (1951–2016) also showed an average tempera-
ture increase of 0.229 °C per decade in this area.

From 1951 to 2009, the ground surface temperature increased on an average by 
1.38 °C in China, the warming rates is 0.23 °C/10a, which is similar to the level of 
global warming. The temperature in the north, north-west and south-west China has 
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obviously increased over the 50 years ending 2012. The warming rate is 0.22 °C/10a, 
0.37 °C/10a and 0.24 °C/10a in north, north-west and south-west regions, respec-
tively (Liang et al. 2014). Temperatures rose in the mid-and-late 1980s, in particular 
since 1978. The warming in north China and on the QTP was greater than in other 
regions, especially in winter and spring. Most regions of QTP, including Xizang 
(Tibet) and Qinghai province, have a greater warming rate compared to other 
regions. In the three-river headwaters region of Qinghai (Yellow, the Yangtze and 
the Lancang), from 1961 to 2010, the annual and seasonal average temperature 
underwent several cold and warm fluctuations, but the average temperature had a 
significant rising trend at statistical significance level, especially since 2001.

16.3.4  Precipitation Change in Qinghai-Tibetan Plateau

On the Qinghai-Tibetan Plateau, the precipitation falls mainly during the summer 
and autumn (from June to September), with winters and springs relatively drier. In 
contrast with the temperature trends, the precipitation trend since 1960 has shown 
less seasonal and spatial fluctuation but an overall slight increase and high interan-
nual variation at the whole-plateau scale (Xu et al. 2010; Kang et al. 2010; Li et al. 
2010). The precipitation trends show a significant increase during the winter and 
spring, but non significant decreases during the summer and autumn (Li et al. 2010). 
Future projections of precipitation using the IPCC models indicate that the wetting 
trend will continue on the plateau.

16.4  Results

Even though yak farming faces challenges due to climate changes, Yak husbandry 
is still a pillar and foundation of the livelihood of most of Tibetan households.

Survey results revealed that women were increasingly involved in yak husbandry 
and household work as men pursued other revenue raising endeavours some of 
which, like collection and sale of Cordyceps (caterpillar fungus—used in traditional 
medicine) called “soft gold” are quite lucrative (Fig. 16.3).

The Cordyceps business overtook yak farming as the main income-earning activ-
ity for many households. In contrast to yak farming, Cordyceps harvest time is only 
12 up to 26 days from the beginning of May to the latter half of June, depending on 
the current weather, the climate of the same period last year, the location and alti-
tude of grasslands etc. Therefore, when harvest time is coming, all groups—the 
men, women, the elderly, the children, ‘outsiders’ are involved in Cordyceps- 
picking. Because of the limited time and geographic location of Cordyceps-growing 
grassland, the pickers camp on site and have to relocate often and carry all food-
stuffs and fieldwork tools with them.
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There are so many ways to sell the Cordyceps like selling to dealers or compa-
nies, individuals etc. But for most of the freelance pickers, generally they take them 
to the street market to sell (see the Fig.  16.3c). In some places of QTP, where 
Cordyceps grow, there is a new industry, called the Cordyceps-cultural tourism, 
being fostered by local governments and the people. The Cordyceps picking is natu-
ral and so profitable without direct cost. The Cordyceps business involving picking, 
selling, processing, and eco- and cultural tourism is a large proportion of the reve-
nue stream for many local households (directly or indirectly). It is a big boost for 
local people and helps them cope with the vulnerabilities of livelihood in this remote 
and harsh environment (Fig. 16.4).

Neglect of yak herding and the intensity of Cordyceps harvesting has seen a 
decline in the overall grassland condition and most herders migrated a month ear-
lier to the summer grazing land because of lack of forage on rangelands at the lower 
levels (Fig. 16.5). yak mortality increased and fodder scarcity became more acute, 
which is a major constraint to yak raising. Despite the good income from the 
Cordyceps business, our survey revealed that yak husbandry was the preferred 
earning activity (over Cordyceps) due to herders’ confidence in yak husbandry as a 

Fig. 16.3 The Cordyceps in (a) the soil, (b) out of the ground and (c) on the street market 
(Photography by Haiying Feng)

Fig. 16.4 (a) The groups on the way to harvest Cordyceps; (b) the tents of pickers scattered in the 
camp base (Photos from http://www.sohu.com/a/232058606_374114)
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reliable source of livelihood. The every-day needs of the people can be met from 
yak husbandry.

The significance of ‘own use’ of milk and other yak products is often underesti-
mated. On the upside, extra cash income from sale of Cordyceps also led to increase 
in the number of households buying commercial feeds for over-wintering yaks 
(Commonly between November and May yaks, without supplementary feed, lose 
30–40% of their body weight.). Of several measures proposed by yak herders to 
improve yak farming, increasing grassland productivity and provision of subsidies 
for feed purchases were the most important measures. Yak husbandry practices have 
undergone a few positive, but many more undesirable, changes in recent years, 
some of them are related to climate change or perceptions of climate change.

16.4.1  Changes in Gender Roles

While women are considered the most vulnerable group in most societies world-
wide, women pastoralists are doubly vulnerable because they are members of the 
largely marginalized communities. Gender also matters in adaptation decision mak-
ing—for example, studies in Ghana show that women are more affected by the 
impacts of climate change, and thus need to be incorporated more in adaptation 
policy (Owusu et al. 2019). Gender imbalances and inequalities prevent the society 
as a whole from realizing the full potential of women in social, economic, legal and 
political spheres. The changes in the roles played by men and women observed in 
current study could be attributed to capacity building and empowerment and global 
sensitization on equity and equality that have been promoted by different 

Fig. 16.5 Winter pastures at lower elevations are often severely overgrazed (Photography by 
Haiying Feng)
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organizations including governments which helps women pastoralists to transform 
their impoverished communities.

Both men and women participate in different livelihood-related activities. This 
portrays the abilities of women despite their limited access to and control of 
resources and exposure to more risks. Workload of women increased under new 
land fragmentation processes in rangelands due to increased responsibilities in yak 
herding and income generation (from sales of surplus milk, cheese, yoghurt). 
Women have gained higher influence in household decisions making than before 
and some are engaged in small-scale business (including handicrafts and sales of 
souvenirs to eco-cultural tourists) hence getting financial resources under their own 
control.

16.4.2  Sedentarization and ‘Ecological Settlement’

It is inevitable that droughts as a form of climate change increase the proportion of 
land unsuited even for pastoralism hence eventual competition for land. In many 
instances, this has led to sedentarization and, what is termed in China as ‘ecological 
settlement’. In reality the people may be thought of as ecological refugees. 
Sedentarization in the dry lands has been a result of sharp economic, political, 
demographic, and environmental changes. Sedentarization leads to an increase in 
social interaction, demand for and access to social services from government. 
Indeed, the settled communities have access to social services such as, infrastruc-
ture, health services and education services.

Compared with the mobile pastoral situation there should be a reduction in vul-
nerability. The reallocation of pastoral land to the outsiders remains an essential 
driver for livelihood insecurity, grievance and conflict, marginalization and spread 
of poverty among rural communities. Ecological resettlement is widely practiced 
throughout the QTP to alleviate poverty and reduce pressure on sensitive areas has 
been in force since 2005. Ecological settlement (see below) is rendered necessary to 
protect vulnerable areas such the headwaters of the Three Rivers (Mekong, Yellow 
and Yangzte) (Fig. 16.1) but is not without controversy (Tashi and Foggin 2012; Du 
2012).

16.5  Discussion and Conclusions

Glaciated mountain areas such as the QTP are particularly susceptible to global 
warming and the inhabitants of these regions must change and adapt. Different live-
lihood strategies may suit different households; some may intensify, others diver-
sify, and they may be some who are better off by migrating.
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16.5.1  Adaptation and Mitigation, Coping Strategies vs. 
Adaptation, Typology of Measures, Time Frames

Adaptation is an integral part of the response to climate change. Of bigger interest 
to policy makers, however, is the ability of societies to implement adaptations. The 
IPCC reiterates that adaptation is more than just finding a technical ‘fix’, but should 
incorporate a combination of strategic and technical options (IPCC 2012) and build 
adaptive capacity. To date adaptation programs are implemented using social vul-
nerability approaches, resilience programs and climate risk management initiatives 
(Biagini et al. 2014).

Within these frameworks, a wide array of adaptation typologies does exist. These 
typologies occur in five broad areas: (1) timing (anticipatory, concurrent, reactive); 
(2) spatial scope (is it local, regional, national etc.); (3) its intent (is it autonomous, 
reactive or planned); (4) form (technological, behavioral, financial, institutional); 
(5) the degree to which it necessitates change (is it incremental, transformational) 
(Biagini et al. 2014). Lesnikowski et al. (2013) assert there are three kinds of adap-
tation (1) recognition, (2) groundwork, (3) adaptation action, while Dupuis and 
Biesbroek (2013) have created a four-pillar typology of adaptation, which includes 
symbolic adaptation policy, contiguous policy, contributive policy and concrete 
policy. In the agricultural context, adaptation typologies have been developed in 
Canada, and are clustered around technological developments, government pro-
grams and insurance, farm productions practices and in farm financial management 
(Smit and Skinner 2002). Adaptation can also be constructed as actions which cre-
ate entry points for adaptation to occur (Eisenack and Stecker 2012). Adaptation 
may be reactive or proactive, coordinated by government, industry or the commu-
nity or be a collaborative endeavor amongst multiple stakeholders.

Yet many barriers and factors exist that affect robust decision making about what 
adaptation pathway to follow (Bhave et al. 2016). Dealing with the uncertainty of 
exactly how climate change will manifest and therefore the extent, diversity, regu-
larity, distribution and magnitude of its impacts (Ha-Duong et al. 2007; Petit 2005) 
is an additional problem. Policy makers need to consider how much climate change 
uncertainty they wish to adapt to, whether robust adaptation options are socially, 
environmentally and economically acceptable and the extent to which climate 
change uncertainties compare with other uncertainties (e.g., changes in demand) 
(Dessai and Hulme 2007)? The solution to dealing with uncertainty lies in ensuring 
that adaptation policy is robust, and anticipates future impacts based on a wide array 
of understandings about climate change.

As such, managing risk plays in important role in engaging with uncertainty and 
achieving adaptation. Other factors affecting farmer adaptation decision making 
included, levels of education, farm size, exposure to extensions services, household 
income, and perception of impacts (Mi et al. 2017). Behavioral change is also influ-
enced by the perception of risk associated with hazards (Arbuckle et al. 2015).

Adaptive management is a related concept that embeds greater fluidity and flex-
ibility within conventional environmental management systems and takes place in 
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two phases: (1) the institutionalization of a framework in which intentional and var-
ied policies may be implemented; (2) learning over time by monitoring the responses 
of the system on which the varied adaptations have been enacted (Arvai et al. 2006). 
In this context, adaptive management can be documented in various regions.

The role of local knowledge is another important factor in the adoption of suc-
cessful climate adaptation, specifically, adaptations that align with traditional prac-
tice and are based on local knowledge (Li et al. 2013). For example, in the QTP, the 
documentation of local ecological knowledge when combined with scientific 
research can, by its strengths in being able to reflect knowledge at local scales (that 
is integrated over a range of variables and time scales), assist in facilitating adapta-
tion efforts (Klein et al. 2014). Yet, local knowledge alone is not enough and subsi-
dies or support from the central government can potentially play a part in limiting 
vulnerability: while it is necessary for local farmers to build a system of adaption, 
those that combine reliance on their own knowledge with scientific research and 
government support are successful (Li et al. 2013). Chen et al. (2018) in a study of 
farmer’s livelihood adaptation in the arid regions of Minqin Oasis, China, shows 
that their success is conditioned by government policy as well as the limits of their 
own resources.

Finally, the success of adaptation is affected by scale and time and how and 
where they align with modes of livelihood production and maintenance (Burnham 
and Ma 2018): smallholder farmers in the Loess Plateau region of China highlight 
how historical multi scalar and social ecological processes shape decision making. 
The success of adaptations depends on the extent to which they enable landholders 
to manage risk and uncertainty over time and place. Where adaptation options cre-
ate obstacles to effective livelihood production they will be dropped (Burnham and 
Ma 2018). Ultimately, successful adaptation is determined by a multitude of factors, 
including cross scale interaction and the other stressors on households which play a 
role in “facilitating or delimiting a households’ ability to adapt to change” (Burnham 
and Ma 2018). This is important given that adaptation in this sense, is not a simple 
reaction to the physical stimuli of climate change per se but a result of how the 
multiple and interacting contradictions, stresses and tensions within the socio- 
ecological domain can be resolved: “the development of effective adaptation gover-
nance requires in depth, situated understanding of how adaptation is embedded in 
particular environmental, social, political, economic, and institutional contexts” 
Burnham and Ma (2018).

16.5.2  Implications of Herder Perceptions, Behavior 
and Adaptive Strategies for Carbon Gains and Losses

As herding practices change in response to changing vegetation and soils, with per-
mafrost melting, retreating glaciers retreat and biogeochemical cycles are altered, 
the carbon flux has changed. Overgrazing has reduced the above-ground biomass 
(AGB) in many alpine grasslands (Yang et al. 2009) and trampling has contributed 
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to oxidation of soil organic carbon. In the past huge amounts of soil carbon were 
stored and, because of the low temperatures, oxidation and decay was at a slow rate. 
Gains of soil carbon exceeded losses. This trend was reversed from the 1990s when 
livestock numbers on the QTP rose and some restrictions on mobility of people and 
their livestock were imposed. Later, fencing and the imposition of grazing bans and 
the excision of some areas of prime grassland to form national parks and nature 
reserves led to greater concentration of livestock on the remaining grassland. 
Herders moved their livestock away from the over-utilized lowlands a month earlier 
in spring than was customary and, because of the warming trend, remained in the 
uplands for a longer time (Fig. 16.6).

There are other adaptive strategies that herders may use to overcome some of 
the constraints imposed by policy and regulations and by changing climatic condi-
tions (Squires and Hua 2015). These include multi-household grazing management 
patterns as an adaptation. The government, through the Animal Husbandry Bureau 
is pushing the advantages of modernization and intensification (in terms of produc-
tivity) over traditional herding practices. To modernize, means to run fewer live-
stock and look after them better—‘more from less’ (Michalk et al. 2010). Housing 
yaks and sheep in warm pens reduces energy expenditure in winter, supplementary 

Fig. 16.6 Temporal–spatial diagram of annual pastoral migration patterns in the case-study area 
showing recent changes from the traditional pattern. Duration days are the average over the five 
villages interviewed, all of which follow similar migration patterns; (1) about 15  days earlier 
departure from winter pasture (WP) in early summer; (2) more frequent moving of camp sites in 
the summer pastures (SP)
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feedstuffs (like hay and corn stalks etc.) means heavier birth weights and greater 
survival of neonates, the culling of older and/or barren females to reduce herd/flock 
size. Shang et al. 2016 advocate adoption of alternative mobility schemes where 
seasonal movements of people and their herds is more rational. The scheme 
involves the establishment of semi-permanent winter homes (with warm pens for 
the livestock, watering facilities and other improvements related to veterinary 
needs etc. This suggested pattern of mobility maximizes the utilization of grass-
lands but puts in place some safeguards.

The government favors resettlement and re-location as a way to adapt to chang-
ing climate and the new vision for an “ecological civilization” and so far over $US 
1 billion has been spent. There are problems associated with the people who are 
uprooted and re-settled in sites away from the grassland where lack of language and 
job skills (despite the provision of some training) reduce the prospects of getting 
gainful employment (Tashi and Foggin 2012; Wang et al. 2006). Social problems 
like alcoholism are also rife. The government felt compelled to act though because 
the burgeoning livestock inventories and the degradation of grasslands is serious 
ecological threat, especially in critical areas like the Three Rivers region where the 
headwaters of the Mekong, Yangtze and Yellow rivers occur (Tashi and Foggin 
2012). Ecological resettlement has been initiated by the Chinese government on a 
large scale and aims to help degraded landscapes to recover and to improve the liv-
ing standards of local people in western China.

Since 2003, the government has invested RMB 7.5 billion (Chinese yuan, over 
U.S.$1 billion) in Qinghai Province to establish the world’s second-largest nature 
reserve around the headwaters of the Yangtze, the Yellow and the Mekong rivers 
(Sanjiangyuan). The resettlement of Tibetan herders from the Sanjiangyuan grass-
lands to urban areas is one of the project activities (Wang et al. 2006; Du 2012). 
Land tenure and use rights reform is under way. Land fragmentation is being coun-
tered by provision for land amalgamation where grasslands can be rented or use 
rights re-assigned to allow more ‘commercial’ rangeland-based operations. Use 
rights have been extended from 30 to 50 years and the legal right to transfer is being 
enabled. Banks and rural credit providers are now more inclined to allow herders to 
borrow money using the use right certificate as collateral.

There is much debate about the balance between conservation vs. utilization role 
of recently proclaimed national parks. The world’s largest national park has been 
established by the Chinese government and as in other countries (e.g. France) the 
model adopted allows the continuation of herding, hunting and gathering of fuel 
wood and medicinal plants etc. within the park. The concern though is with the bal-
ance between traditional herding and the objectives of conservation of the unique 
resources within the park. Rare species like Tibetan antelope, wild sheep, and wild 
donkeys and camels and predators like snow leopards and raptors like eagles, owls 
and vultures that need protection.

From the viewpoint of the herder the proclamation of national parks is a further 
blow to the herders’ freedom of mobility and a loss of a potentially valuable source 
of forage. The government (both at State level and in the Provinces) is under pres-
sure to conserve the dwindling inventories of wildlife, including endangered plants, 
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reptiles, birds, amphibians and mammals. What everybody seeks is to foster land 
stewardship—to balance improved livelihoods with biodiversity conservation and 
land protection but to achieve this is no easy feat (Squires 2012).

The emerging issues of yak husbandry systems on the QTP include interventions 
to strengthen yak husbandry and help herders make informed choices in the high- 
altitude rangelands including the introduction of schemes to make yak raising 
attractive to the mountain youth. Essentially, yak husbandry is at a crossroads where 
a firm decision is needed to either encourage and strengthen the husbandry practices 
or witness the gradual extinction of the age-old tradition. De Haan (2016) acknowl-
edged that pastoralism everywhere is at the verge of disappearance as pursuit of a 
purely pastoralist life has become increasingly difficult. Pastoral livelihood has 
been considered by many as archaic and undesirable and there is poor understand-
ing of the benefits of pastoralism amongst politicians, policy makers and techno-
crats often leading to unfriendly decisions.
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17.1  Introduction

Mountain regions encompass nearly 24% of the total land surface of the earth and 
are home to approximately 12% of the world’s population (Huber et al. 2005). Their 
ecosystems play a critical role in sustaining human life both in the cold arid high-
lands and the arid lowlands and deserts through which rivers flow to bring life and 
provide livelihoods for about ten million people. During recent years, resource use 
in high mountain areas has changed mainly in response to the globalization of the 
economy and increased world population (Kreutzmann 2012). As a result, mountain 
regions are undergoing rapid environmental change, exploitation, and depletion of 
natural resources leading to ecological imbalances and economic unsustainability 
(Kreutzmann 2012). Moreover, the changing climatic conditions have stressed 
mountain ecosystems through higher mean annual air temperatures and the melting 
of glaciers and snow (Hagg 2018). Altered precipitation patterns have also had an 
impact (Hua et al. 2018).

A number of critical issues have emerged as reflected in the downward spiral of 
resource degradation, increasing rural poverty, and food and livelihood insecurity in 
mountain regions. New and comprehensive approaches to mountain development 
are needed to identify sustainable resource development practices like Sustainable 
Land Management (SLM), to strengthen local institutions and knowledge systems, 
and to increase the resilience of both mountain environments and their inhabitants. 
Their important role in capture and storage (sequestration) of carbon, especially soil 
organic carbon (SOC) needs to be protected. The mountains in Hindu Kush 
Himalayan (HKH) region are the water towers such as that from the Tibetan Plateau 
(Fig. 17.1).

Fig. 17.1 Topographic and orographic features combine to create a situation where the HKH 
uplands act as water towers such as in this example from the Tibetan plateau
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Due to orographic effects, the mountains receive an annual precipitation of 
1000–2000 mm. The HKH region consists of several independent nations which 
have different needs and requirements for water resources. While downstream ripar-
ian nations irrigate in summer, the mountainous upstream countries have an interest 
in hydropower generation during the cold season. This inevitably leads to water use 
conflicts along transboundary rivers. It is obvious that water is the most precious 
and conflict-prone natural resource in the region. In Kyrgyzstan, Tajikistan and 
western China, especially the Tibetan Plateau, large quantities of water are stored in 
mountain glaciers, which again are strongly influenced by climate change. The low-
lands of the Hindu Kush Himalayan (HKH) region are dry: steppe, semi-deserts and 
deserts. The main reasons for the aridity are predominant westerly winds and lee- 
side effects, which cause very low precipitation sums (less than 100 mm per year) 
in the desert regions e.g. Gobi and Taklamakan.

17.2  Glaciers: A Water Storage System Under Threat

The HKH contains the largest glacier area outside the polar regions, and is, there-
fore, referred to as the “Third Pole”. According to the Randolph Glacier Inventory, 
30,200 glaciers with a total area of 64,497 km2 exist in the HKH region. A large area 
of glaciers and ice fields exists in the Tibetan Plateau, the eastern Tian Shan and the 
Qilian mountains of China (Shi and Liu 2000). Glacier retreat caused by climate 
warming is a worldwide effect and also affects the HKH glaciers. As in many other 
mountain systems of the mid-latitudes, the majority of Tian Shan glaciers, for exam-
ple, were more or less in equilibrium from the late 1950s into the 1970s (Makarevich 
and Liu 1995).

All recent catchment-scale studies revealed a loss of glacier area over several 
decades and most of them showed accelerating loss. From the Qilian Mountains in 
West China, very high retreat rates of −0.73% per year have been reported (Huai 
et al. 2014). The other regional studies from China (Lu et al. 2002 reported rates 
between −0.51% per year from the source of the Yellow River between 1967 and 
2000 (Liu et al. 2002) to −0.05% per year at the source of the Yangtze River between 
1969 and 2000 (ibid). Farinotti et al. (2015) have assessed the area retreat for the 
whole Tian Shan as −18% from 1961 to 2012, equaling a rate of −0.45% per year. 
A spatially closer look shows larger area changes in the outer ranges (−0.38 to 
−0.76% per year) compared with the inner (−0.15 to −0.40% per year) and eastern 
ranges (−0.05 to −0.31% per year) since the middle of the twentieth century (Sorg 
et al. 2012).

In general, small and low-lying glaciers in the more humid margins of the moun-
tains suffered more than the large and high-lying ice masses in the interior. Based 
on four different global climate models, Aizen et al. (2007) made projections for the 
whole Tian Shan and projected volume losses of up to 43% as a worst case scenario 
until 2070–2099. In the best case scenario, meaning a most glacier-friendly climate, 
there will be almost no volume losses. Based on the output of 14 global climate 
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models, Radic and Hock (2014) simulated glacier volume changes for the entire 
HKH and found a mean loss of 49% until 2100. From 1961 to 2012, the Tian Shan 
glaciers have lost 5.4 Gt mass per year (Farinotti et al. 2015), additionally contribut-
ing to runoff.

Changes in glacier melt water amount have a huge hydrological impact in the 
HKH, because, here, the mountain ranges are surrounded by arid lowlands where 
water is a precious resource. This preserves the signal of snow and ice melt far 
downstream because it is not superimposed by precipitation, as in more humid cli-
mates. In the Tarim basin, for example, glacier melt contributed 41.5% to total run-
off (Gao et al. 2010). In the Tarim river, up to 20% of total runoff can be attributed 
to an increase in glacial melt in recent decades (Pieczonka and Bolch 2014; 
Duethmann et al. 2016). By storing solid precipitation and releasing it in summer, 
glaciers control the seasonal water availability.

In arid regions, glacier meltwater is sometimes almost the only source of water 
during the main period of plant growth. As they build up their ice masses in cold, 
wet seasons and reduce them again during hot, dry seasons, glaciers have a compen-
sating effect on streamflow: rivers with glaciers in their catchment have a guaran-
teed minimum flow, either from rainfall or from melt, whereas non-glaciated 
catchments rely completely on rainfall during summer. This effect of glaciations is 
to reduces the year-to-year variability of runoff in moderately glacierized river 
basins, which is highly beneficial for drinking water security, agriculture and water 
resources management. Already today, the lowland countries within the HKH 
region face serious water stress, caused by increasing aridity of the climate and—so 
far much more important—the growing demand for water. By simulating the hydro-
logical cycle of the catchment with and without water withdrawals, Aus der Beek 
et  al. (2011) quantified the water use impact as high as 86%, thus only 14% is 
caused by climate change!

Until the end of the twenty-first century, a further increase in temperature is very 
likely (Lioubimtseva and Henebry 2009). Prolonged glacier retreat will transform 
melt-dominated runoff regimes into rain-dominated regimes. This will reduce water 
availability during summer months dramatically. Furthermore, evapo-transpiration 
losses will increase in the warmer atmosphere, especially in low-lying downstream 
regions, further tightening water availability during the growing season (Hou et al. 
2007).

17.3  Land-Use Change: A Major Driver of CO2 Emission 
and Climate Change

In the last decades, due to climate changes, soil deterioration and land use/land 
cover changes (LULCCs), land degradation risk has become one of the most impor-
tant ecological issues in the HKH region. Land degradation involves two interlock-
ing systems—the natural ecosystem and the socio-economic system (Fig.  17.2). 
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The complexity of land degradation processes should be addressed using a multi- 
disciplinary approach. The principal aim of ecosystem management is to help 
develop and promote strategies to protect functional integrity and balance social/
economic and biodiversity values (Squires 2016).

Sustainable land management (SLM) is the desired outcome. Sustainability is an 
elusive goal. The notorious vagueness of the term and its scope for varied and seem-
ingly legitimate interpretation by different parties appear to make it all but useless 
as an operational guide (O’Riordan 1988). One has only to consider simple ques-
tions (Sustain what? How? For whom? Over what time period? Measured by what 
criteria?) to appreciate that sustainability can never be defined precisely. Regardless 
of the ambiguity of the term, however, there appears to be a general consensus that 
achieving sustainability will place new demands on individuals, society and sci-
ence. The challenge facing science is how best to structure and undertake research 
to meet the diverse, and often apparently conflicting, needs of society, local com-
munities and individual natural resource users (Squires 2015). This may be very 
difficult in the HKH region.

Land-use changes and degradation of forests, meadows, steppes and the soils in 
the HKH region have important implications for CO2 emissions and global climate 
change (Lioubimtseva et al. 2005). Estimates of land-use categories have been doc-
umented for various regions within the HKH. In specific areas of Nepal, Bhutan and 
western China, these changes were quite large. Some evidence exists to show that 
the land-use changes and forest/soil degradation affect C pools significantly. For 
example, the net emissions of C due to land-use changes were reported to be as low 
as 6.9 × 106 mg but up to 42.1 × 106 mg year−1 depending on plant community type. 
Emissions from fuelwood consumption alone were estimated to be 1.47 × 106 mg 
year−1 (Upadhyay et al. 2005).

Fig. 17.2 There are two interlocking systems—the natural ecosystem and the socio-economic 
system

17 Developing Linkages for Carbon Sequestration, Livelihoods and Ecosystem…



304

Control of a piece of land shapes the land-use and the willingness of land users 
to incur costs in implementing land management practices. In much of the HKH, the 
poor own very small plots while communal tenure arrangements may limit access, 
use and benefit-sharing. Diverse land tenure systems in the HKH, characterized by 
customary and statutory land rights, legal pluralism, land claims through tree plant-
ing and the misconception of “abandoned” land means addressing these challenges 
is difficult. Roncoli et al. (2007) highlighted that in systems with a mixture of open 
access and common property regimes, the multifunctional, fragmented and dynamic 
characteristics of land-use by pastoralists and farmers requires a holistic approach 
that, besides carbon capture, also integrates crop and livestock production (Poyatas 
et al. 2003).

Bennett et al. (2010) highlighted a general inability to define and enforce rights 
to particular grazing resources and inadequate local institutions responsible for 
management in open access community rangelands. Carbon sequestration projects 
can thus pose a collective action problem (cf. Ostrom 1990). Strong but flexible 
local institutions embedded in multi-level governance structures are key to address-
ing legal ambiguity, social tensions, social inequalities and overlapping resource- 
use rights (Bennett et al. 2010). The prior existence of active local organizations and 
ensured participation may serve as criteria for establishing community-oriented 
carbon sequestration projects. However, Schnegg (2018) points out that the funda-
mentals on which community based management (CBM) is predicated may be 
flawed. One of the dominant frameworks—CBM, was informed by common-pool 
theory, and emphasized principles such as fixed boundaries, proportional cost shar-
ing, and formal sanctioning (Saunders 2014).

In common-pool theory, those principles have been recognized as salient factors 
for successful, sustainable, and just natural resource management. Common-pool 
theory itself largely applies a rational actor model and typically assumes that the 
actors interact with a single issue in mind. Schnegg (2018) argues that a better 
understanding of the concept of institutional multiplexity would help promote more 
durable and beneficial outcomes in CBM. Institutional multiplexity describes the 
number of transactions between two households in a social network. Institutional 
multiplexity implies that people cannot separate the sharing of a resource like access 
to stock and domestic water or grazing land from sharing in other domains. 
Institutional multiplexity hinders the implementation of design principles such as 
fixing boundaries, sharing costs proportional to use, and formal sanctioning (all pil-
lars of CBM). However, it also opens other means for governing nature through 
social control (Schnegg 2018).

Changes in land use and management practices to store and sequester carbon are 
integral to global efforts that address both climate change and alleviate poverty. 
Knowledge and evidence gaps nevertheless abound. Many of the knowledge gaps in 
understanding carbon storage in mountain ecosystems suffer from a lack of empiri-
cal data and scientific evidence, which limits the utility of scientific knowledge for 
research users such as policy makers and NGOs. Measurement challenges restrict 
the number of studies focusing on processes and trade-offs, impeding development 
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of accurate carbon accounting methodologies. Incomplete knowledge of carbon 
cycles makes it difficult to up-scale plot or field-level studies to inform regional or 
global model development, hindering accurate prediction of how land, non-carbon 
ecosystem services and livelihoods may be affected by climatic, environmental and 
other changes.

17.4  C Sequestration, Payments for Ecosystem Services 
and the Poor

Climate change mitigation efforts linked to land-use and land management gener-
ally seek to increase the amount of carbon stored in soils and biomass. However, a 
trade-off exists in that to realize many livelihood and ecosystem service benefits 
from SOC requires its depletion (e.g. through crop production) and thus a net release 
of CO2 (Janzen 2006). Understanding how different land use and management sys-
tems can both maintain and enhance carbon storage and other ecosystem services 
(the “hoard it or use it” conundrum identified by Janzen (2006), as well as identify-
ing where the trade-offs between these goals are situated, are key research chal-
lenges, especially in relation to how SOC can be increased without suppressing 
decomposition rates so that nutrient cycling is not adversely affected (Powlson et al. 
2011).

For the poor to benefit from carbon storage, through both climate finance streams 
and the collateral ecosystem service benefits delivered by carbon-friendly land 
management, a number of serious adjustments need to be made (Upadhyay et al. 
2005; Schnegg 2018).There is the need to draw together understanding from differ-
ent disciplinary bases to develop applied research, grounded in sound science, to 
deliver policy-relevant outcomes of practical value. Working with multi- stakeholders 
across scales from the local to the regional is necessary to ensure that scientific 
advances can advance policy and practice to deliver carbon, ecosystem service and 
poverty alleviation benefits.

Community-based land management projects within the voluntary carbon sector 
increasingly apply standards and protocols designed to reduce trade-offs and deliver 
multiple benefits across carbon storage, poverty alleviation, community empower-
ment, and biodiversity conservation dimensions. However, accurate accounting 
methodologies underpinning the carbon components of such assessments are lack-
ing due to an absence of scientific data, models, appropriate local monitoring meth-
ods and regional measurement protocols, particularly in drylands, where methods 
need to address inherent spatial and temporal dynamism (Schmidt et  al. 2011; 
Reynolds et al. 2011). These challenges mean carbon sequestration gains (or pre-
vented losses) are difficult to quantify and need to be integrated with assessments of 
livelihood costs, benefits and trade-offs. The lack of coherent and credible science 
accessible to practitioners remains a significant obstacle to the development of inte-
grated practice.
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17.5  Knowledge Gaps and Methodological Challenges 
in Understanding Carbon Storage

Efforts to increase the size of the terrestrial carbon store are perhaps most com-
monly associated with climate change mitigation. However, the presence of carbon 
in both soils and biomass is hugely beneficial for a range of ecosystem functions 
and services, assisting in the provision of adaptation options and the maintenance of 
natural resource-based livelihoods. Simply by being present, SOC improves soil 
structural stability and water holding capacity (Holm et al. 2003). The decomposi-
tion of organic carbon generates further direct benefits through the recycling of 
nutrients and maintenance of soil fertility (Stursova and Sinsabaugh 2008; Scholes 
et al. 2009). This, in turn, contributes to other supporting, provisioning and regulat-
ing services, particularly food and timber production.

17.5.1  Below Ground Carbon: SOC Stores and Fluxes

The need to include SOC storage in payment schemes is long recognized (Lal 
2004), but only simple models are used at present, based on changes in soil organic 
matter (SOM) measurements through time (e.g. Wildlife Works Carbon 2010, 
https://theredddesk.org/countries/actors/wildlife-works-carbon). A greater range 
and depth of field data are essential to enable monitoring of changes in SOC storage 
(Powlson et al. 2011) and the development of a new generation of soil carbon mod-
els (Schmidt et al. 2011). These need to be linked to the development of methodolo-
gies that local communities can use to monitor SOC.

Changes in land management practices (e.g. reduced tilling, reduced grazing and 
prevention of deforestation) can reduce heterotrophic respiration losses, preserving 
the SOC store. However, scientific data gaps limit our ability to include SOC stores 
and fluxes in the evaluation of benefits accruing from land management practices 
and reduce the accuracy of future predictions of SOC store changes under different 
land management and climatic scenarios.

Climatic warming is increasing the global flux of CO2 from soils to the atmo-
sphere. Most meta-analyses do not distinguish between CO2 from microbial decom-
position of SOC and that from plant roots. It is thus impossible to determine if any 
increase in soil CO2 efflux is due to accelerated SOC decomposition (and therefore 
represents a decline in SOC stores) or greater primary productivity (with no associ-
ated decline in SOC). It is challenging to separate the two sources in the field. 
Consequently, there are few in situ data, particularly in the HKH. Reliable assess-
ment of processes affecting CO2 efflux rates requires in situ chamber monitoring 
systems to collect gases from remote field locations.

Processes affecting SOC stores in mountainous areas have some fundamental 
differences to those in mesic ecosystems. First, because of low precipitation, low 
mean annual temperatures, presence of permafrost etc., microbial activity is low 
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and rate of decomposition of above ground litter is much lower (Shang et al. 2017). 
Information on the amount, distribution and species composition of microbes in 
soils is critical to respiration and the fate of SOC, yet empirical information is lack-
ing on how enzymes are affected by disturbance and climatic changes. Fungi and 
bacteria largely control SOC respiration processes, influencing the residence time 
of SOC storage.

17.5.2  Above Ground Biomass (AGB) Stores and Fluxes

AGB stores are determined by the balance between carbon accumulation from pri-
mary production and carbon losses related to mortality, human use and land use 
change. AGB influences settlement patterns across a landscape, and plays a vital 
role in rural livelihood activities such as livestock grazing, timber harvesting, and 
fuelwood production. It is therefore crucial to understand drivers of AGB, projected 
future trends, and their implications, in order to develop policies that protect 
resources and promote livelihood options. Significant knowledge gaps nevertheless 
remain (Abson and Termansen 2010) relating to: (limited observational data on the 
spatial distribution and temporal variability of AGB; and (Aizen et al. 2007) poor 
understanding of the natural and human drivers of AGB and the links to changes in 
other ecosystem services.

Addressing these gaps requires integration of forestry and grassland expertise 
with ecological and remote sensing techniques alongside livelihoods and resource 
use assessments grounded in the social sciences.

17.6  Lack of Observational Data for Present Day AGB 
Storage

AGB varies considerably across the HKH at a range of scales, complicating map-
ping and monitoring. AGB can be estimated from plot studies, where tree biomass 
is related to standard forestry observations such as tree diameter. In this way, change 
in AGB storage can be monitored through re-sampling of permanent vegetation 
plots. Such efforts are necessary but labor intensive, restricting the achievable spa-
tial and temporal coverage. Recently, remote-sensing studies have been used to esti-
mate biomass and these offer potential for developing regional AGB estimates. 
However, it is difficult to determine the accuracy of these estimates due to limited 
observational data (ground truthing).

Earth observation (EO) studies offer considerable scope for extending monitor-
ing and understanding of AGB on national and regional scales (Mitchard et al. 2009) 
and first need to be calibrated against in situ observations. Baccini et al. (2008) used 
optical data from the moderate resolution imaging spectroradiometer (MODIS) on 
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the Terra and Aqua satellites, trained and tested against plot-based biomass data to 
predict above ground biomass at 10 × 10 m resolution. Uncertainties remain sub-
stantial and relate to deforestation and degradation rates, biomass storage and the 
cursory treatment of the impacts of logging, livestock grazing, fires and shifting 
cultivation which are difficult to identify and quantify by remote sensing.

17.6.1  Lack of Quantitative Assessments of Natural 
and Human Drivers of AGB Storage

Global change affects AGB storage largely through shifts in precipitation—a major 
uncertainty in climate projections—and through poorly understood responses to ris-
ing atmospheric CO2 concentrations.

Additional direct human impacts are important determinants of AGB stores; 
increased demand for fuelwood leads to forest degradation, smallholder agriculture 
contributes to deforestation, whereas farm abandonment allows AGB accumulation 
(Poyatas et al. 2003). Clearance of woodlands for agriculture reduces both AGB and 
SOC, resulting in a release of up to 30 t C ha−1 and after cessation of agriculture, 
AGB recovers at 0.7 t C ha−1 year−1 reaching pre-disturbance levels after 20–30 years, 
whereas SOC shows no significant change over these timescales. Further assess-
ments across agro-ecological settings are essential to widen the significance of these 
plot-based case studies, enabling development of national and regional-scale analy-
ses. AGB is vital in meeting domestic requirements for energy, with fuelwood col-
lection. The role of fuelwood collection in determining regional forest quality and 
AGB storage is uncertain, although unsustainable extraction in peri-urban locations 
has been documented (FAO 2009).

17.7  Linking Scientific Evidence Gaps and Ecosystem 
Service Evaluation Challenges

Carbon store and flux dynamics are physical changes to an ecosystem’s structures 
and processes, resulting in changes in the bundle of services flowing from an eco-
system and the benefits that humans derive from interactions with that ecosystem 
(Daily 1997; Tongway and Ludwig 2011; Squires 2016). Ecosystem services asso-
ciated with carbon are numerous.
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17.7.1  Lack of Quantitative Assessments of Natural 
and Human Drivers of AGB Storage

Separating human and climatic drivers requires sub-sampling of regions of similar 
climatic influence but different human impacts, for example across protected areas 
or national/regional boundaries, and also requires links to specific model classes. 
The exact nature of relations is poorly quantified in the HKH and needs further test-
ing. Such knowledge is vital if payments for carbon sequestration are to capture all 
potential impacts that changing land management practices can have on the bundle 
of ecosystem services drawn on by the rural poor in pursuit of their livelihoods.

Ecosystem services are often interdependent, so optimization of a single service 
may have unforeseen impacts on other ecosystem services (Abson and Termansen 
2010). For example, optimization of climate regulation through payments for car-
bon sequestration may affect food provision and water regulation, at worst, limiting 
successful adaptation to climate change. Broader ecosystem service impacts of car-
bon sequestration schemes, therefore, require careful consideration.

The key challenges are: (1) need to better understand the relationships between 
carbon, ecosystem service provision, and drivers of future change; (2) lack of 
nuanced understanding of the links between poverty and land tenure and the impli-
cations this has for the design and implementation of carbon payment schemes; and 
(3) shortage of appropriate decision support tools for land management decisions 
and adaptation strategies, alongside the thresholds at which land users will shift 
towards carbon mitigation scenarios, particularly in rangelands and alpine 
meadows.

Cost-benefit analyses that consider trade-offs and synergies across carbon and 
ecosystem service dimensions as well as across different cultural logics represent 
vital assessment tools in further advancing the understanding of trade-offs. While 
scientific and process-based evidence for carbon-ecosystem service relationships is 
lagging, changes to land management practices to deliver carbon sequestration and 
other ecosystem services benefits are already being implemented by some 
stakeholders.

17.8  Poverty, Institutions and Land Tenure: Implications 
for Carbon Payment Schemes

Delivering carbon payment and ecosystem service benefits to the poorest groups in 
society first requires identification of who is poor and where they are located. Large- 
scale datasets permit comparisons across different areas and can target climate 
finance as a poverty alleviation mechanism using analyses of current and future 
climate risk and vulnerability mapping. However, for the poor to benefit requires a 
context-specific understanding of what poverty is and how it is managed. Existing 

17 Developing Linkages for Carbon Sequestration, Livelihoods and Ecosystem…



310

datasets use multiple indicators to determine what poverty is and who is poor (e.g. 
Thornton et al. 2002), reflecting the multi-dimensional nature of poverty, taking into 
account lack of choice or capability, as well as material living standards and an 
inability to meet basic needs. However, those living in poverty have their own ideas 
about what it means to be poor, based on what is socially and culturally important 
to them.

17.9  Conclusion: Key Steps Towards Climate-Smart Pro- 
Poor Investments in Carbon Sequestration

Improved data and knowledge on the spatial distribution of carbon storage and 
release, whilst important in its own right, will not directly create poverty alleviation, 
carbon storage, adaptation and ecosystem service benefits without new forms of 
collaborative working across academic disciplines and with partners at the commu-
nity level in the private sector and in national government (Fig. 17.3).

Reflections on the experiences of such multi-stakeholder, multi-level partner-
ships will be essential to the wider uptake of carbon-friendly land management 
projects with support from international bodies and the private sector in ensuring 
the full valuation of benefits and their trading in the emerging climate finance 
sector.

Fig. 17.3 Possible route to delivering pro-poor carbon storage and ecosystem service benefits 
based on an improved scientific evidence base (Stringer et al. 2012)
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18.1  Introduction

Undoubtedly, the quantification of carbon metrology and benefits is a big challenge 
for the carbon management campaign. It is usually based on models generated by 
scientific measurements and is important for strategy and policy decisions (Ashton 
et al. 2012). However, we should always stress that in HKH region, any environ-
mental solution scheme should take into account the local resident’s livelihood ben-
efits, which is the basis for sustainable development (Banskota et al. 2007; Stringer 
et al. 2012; Kemp et al. 2013). Solutions to livelihood problems are very difficult at 
the current status of the HKH, and outside assistance is required (Sharma 2016). For 
example, the purpose of the REDD+ program is to improve the ecosystem’s carbon 
sinking function through the implementation of techniques and policies that are 
converted into livelihood compensation (Atela et  al. 2015; Newton et  al. 2016; 
Marquardt et  al. 2016; Castro-Nunez et  al. 2016). Here we should reiterate the 
important suggestion in Chap. 1 that ‘if we want to build up an integrated solution 
of benefit in HKH region through the carbon evaluation pathway, that should rely on 
a linking approach between carbon and livelihood in the HKH.

Livelihood improvement can be realized through carbon sinking benefits; but 
how to link this benefit to livelihoods and promote residents to participate in carbon 
management is a key step (Bass et al. 2000; Lebel 2007; Chhatre and Agrawal 2009; 
Benessaiah 2012). The most direct approach is to replace carbon compensation with 
livelihood assistance, which is the core content of the research program in carbon 
management and livelihood benefits (Food and Drink Federation 2008; Ojea et al. 
2016). The Chinese government also attempted the ecological compensation strat-
egy, but it is difficult to put into effective practice (Chang and Ghoshal 2014; Dong 
et al. 2016). One of the problems in the HKH region is that most carbon-livelihood 
strategies depend on some degree of transportation, which is not readily available 
(Pandey et al. 2016).

Until now, most projects on carbon evaluation in the HKH examined a specific 
region and not the whole area, and thus implementing policies on carbon manage-
ment for the HKH is difficult (Marquardt et al. 2016). The typical program endorsed 
is REDD+, which focuses on cases and problem solutions. The important and useful 
practices links stakeholders to survey project benefits in the carbon management 
campaign in the HKH (McAfee 2016; Castro-Nunez et al. 2016; Ingalls and Dwyer 
2016). More pathways of carbon management is required for carbon sinking bene-
fits or compensation for local stakeholders (Ojea et al. 2016). For example, vegeta-
tion reclaiming in degraded land is based mainly on carbon evaluation, (Negi et al. 
2015). The social-carbon-metrology system and its link with livelihood should be 
more fully developed. The implementation of the carbon management program 
should be tightly linked to the regional environment, politics, institutions, culture 
and education of the local residents (Stringer et al. 2012; Kemp et al. 2013; Lusiana 
et al. 2012, 2014).

The main problems faced by global climate change is poverty, gender equality, 
education and medical treatment. Carbon management could help fight poverty and 
gender equality (Stringer et al. 2012; Sharma 2012; Khadka et al. 2014) and its role 
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should be promoted (Stewart et al. 2011, 2016). In gender equality, carbon manage-
ment can strengthen the women’s capacity in livelihood improvement (Shang et al. 
2016a, b). For example, in the alpine meadow area in the Tibetan plateau, women 
contribute more to carbon management than men, and, therefore, should receive 
more carbon compensation to be used for their health and education (Shang et al. 
2016b). As the HKH is a typical poor region in the world, environmental improve-
ment and climate governance should emphasize anti-poverty because livelihood 
improvement of the local residents can contribute towards the mitigation of climate 
change (Xu et al. 2009; Sharma 2012; Negi et al. 2015; Pandey et al. 2016). In the 
implementation of these programs, it is important that the households, groups and 
villages, and the local residents accept the policies and benefits of the program 
(Bremer et  al. 2016). Anti-poverty strategies should enhance special industries 
based on traditional culture, and for more benefits from the market. Then carbon 
management programs should examine the market requirements, and to promote 
marketing of the products (Hilson 2011; Benessaiah 2012).

18.2  The Pathway from Policy to Action

18.2.1  Assisting the Local Government to Make the Carbon 
Management Policy Effective

Global carbon management strategies should keep close links with local govern-
ments. Then, the strategies can be included in government policy making, and pro-
vide guidelines for reliable implementation (Benessaiah 2012; Stringer et al. 2012; 
Berry et al. 2014; Dong et al. 2016). Carbon management should be combined with 
livelihood improvement (Stewart et al. 2016) in the program and should be included 
in the daily activities of the government (Smith and Scherr 2003). In addition, some 
local governments could learn and implement appropriate methodologies from 
adjacent regions. Successful strategies could be distributed quickly among the 
regions of the HKH (Chhatre and Agrawal 2009; Dougill et al. 2012).

18.2.2  How to Incorporate Livelihood Development into the 
Carbon Trade System for Obtaining Carbon 
Compensation

Carbon storage is the basis for carbon management and compensation that can pro-
mote anti-poverty and gender equality. HKH is a typical non-industrial region, and 
it has great potential for carbon fixing. The policies should strive for the local resi-
dent participation in the scheme, which would increase the chances of success in 
promoting ecosystem management for carbon sinking. Direct benefit by local resi-
dents from carbon management is the first priority in the action. Two scenarios are 
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envisioned. Firstly, carbon can be sold directly for cash or other goods, or assis-
tance, and could also be accumulated. This kind of benefit should include assistance 
in education, infrastructure improvement and medical care. The second is in carbon 
emission. A key issue is determining the turning point of carbon emission to carbon 
sinking and what is the driving force. Then we can decide what assistance can pro-
mote this kind of conversion. In the policy, a clear detail of assistance and compen-
sation should be prepared for the local government.

18.2.3  Promoting Priority Compensations for Anti-Poverty 
Programs

Because of global diversity, there are different ability and capacity levels for tack-
ling climate change in different regions (Golub et al. 2013; Dong et al. 2016). In the 
fifth report by IPCC, a transformation of livelihoods was proposed, but, in many 
poor regions, this transformation is insufficient for global climate governance (Kates 
et al. 2012). In the HKH, the primary demand for some areas is assistance in fight-
ing disasters and poverty. Here, perhaps food compensation is the first requirement 
in the carbon management campaign in HKH that needs a sustainable solution. 
Another example is the need for clean water facilities in some regions, and then 
compensation from carbon trade can cover infrastructure building. The carbon man-
agement program should join with other programs to promote common action for 
anti-poverty, livelihood development, and carbon neutralization and the carbon 
management benefits should be shared with many stakeholders, and a stable net-
work of global climate governance should be established.

18.2.4  Playing the Traditional and Alternative Knowledge 
and Technique System

The transformation of livelihood initiative in developing countries faces many prob-
lems, because in these regions, livelihood depends heavily on the direct consump-
tion of natural resources from land (path dependent). These areas need more 
assistance, investment, and talent for supporting transformations (Kates et al. 2012). 
An alternative method, which is using traditional knowledge would be necessary to 
replace the transformation action (Havlik et al. 2014). It is important to integrate the 
traditional customs in the regional climate governance and livelihood development 
in HKH (Pagányi et al. 2013). For example, in forest burning, we do not know the 
effect of burning on forest biodiversity, ecosystem function and forest cycling, and 
the traditional livelihood’s positive impact on forest carbon sinking. This informa-
tion is needed at all scales to providing proper community forest management 
(Diemont and Martin 2009).
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18.3  Experience Summaries of Carbon Management 
and Livelihood Benefits

18.3.1  Livestock-Chicken Grazing System on Qilian Mountain

Grassland degradation in the Qilian mountain in the northern margin of HKH region, has 
led to carbon emission and livelihood decline (Long et al. 2010b). From 2007, the research 
team from Lanzhou University started a study of a mixed grazing system of livestock-
chicken in the Qilian mountains, and developed and extended the system to other areas. In 
this grazing system, chicken grazed in the winter pasture in June-September, when the 
livestock are moved to the summer pasture. The system not only decreased grazing pres-
sure, but also increased livelihood benefits. In addition, grasshopper numbers were con-
trolled by the grazing chickens. The ecological theory of this system is that grazing 
chickens during the grasshopper egg production time allows chicken production and 
reduces grasshopper damage to the pasture. This system has proven to be much more 
profitable than just the grazing by sheep (Sun et al. 2016, Figs. 18.1 and 18.2).

In the livestock-chicken grazing mixing system, the chicken group will 
occupy winter pasture at June-September, at that time the livestock moved to the 
summer pasture. The result of 5 years monitoring experiment showed that the grass-
hopper density in grazing chicken pasture was less than control pasture. However, 
after sixth years of chicken grazing, the grasshopper density in grazing chicken 
pasture was not different to the control pasture, that showed the grazing chicken as 
effective to control the grasshopper population. Furthermore, the meat quality of the 
grazing chicken was better than traditionally raised chicken in a coop (Sun et al. 
2013). At present, the livestock-chicken grazing system is very popular in rangeland 
areas and is replacing the traditional methods (Fig. 18.3). Carbon balance has not 

Fig. 18.1 The model of a mixed grazing system of livestock-chicken based on the ecological 
niche gap in Qilian mountain pasture (Sun et al. 2016)
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Fig. 18.2 Grazing chicken experiment in Qilian mountain by Lanzhou University study team 
(Photography by Zhanhuan Shang 2008)

Fig. 18.3 Grazing chicken industry development in other areas of the Tibetan plateau (Guinan 
County of Qinghai province) in HKH region (Photography by Zhanhuan Shang 2018)
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been determined, but moderate chicken grazing has not degraded the grassland, but 
has curbed the outbreaks of grasshoppers in dry years. The livestock-chicken graz-
ing system has conformed to the transformation model proposed by IPCC for tack-
ling climate change and improving livelihood.

18.3.2  The Case of Extremely Degraded Grassland Reclaiming

Serious land degradation on the Tibetan plateau resulted in the disappearance of 
vegetation and substantial carbon emission which led to livelihood security prob-
lems of the local residents (Shang and Long 2007). In the typical land degradation 
in the alpine grasslands, the top soil-root layer disappears and leaves a bare path, 
that results in a reduction of soil water content and of pasture biomass. This has 
occurred on 467 × 104 ha in the headwater area of Yangtze river, Yellow river and 
Lantsang river in Qinghai province of Tibetan plateau (named ‘Sanjiangyuan’) 
(Fig. 18.4). When 1 ha of alpine meadow becomes bare land, 10 cm of top soil is 
removed, and about 20–46 mg of soil organic carbon is lost (Shang 2006). For pro-
tecting the soil water content and reclaiming the bare land for ecological function 
and livestock production on Tibetan plateau, the Chinese government has made 
large investments to control and reclaim the bare-land in Sanjiangyuan. The local 
researchers used the building ‘artificial-grassland’ method. The ‘artificial- grassland’ 
method with local plant seeds was used to restore the grasslands. With proper man-
agement this method can establish good vegetation coverage quickly and provide 
much forage for livestock; however, there is a great risk that the ‘artificial- grassland’ 
will be degraded within 3–5 years and become ‘bare-land’ again (Shang et al. 2018). 
The key to success is good and sustainable management of the artificial-grassland 
to develop a stable grassland soil and vegetation regime.

A current study of more than 15 years demonstrates that the ‘artificial-grassland’ 
with good management can provide sustainable forage production and reclaim the 
soil nutrition and carbon gradually (Shang et al. 2018). Feng et al. (2010) reported 

Fig. 18.4 Formation process of bare land degraded grassland on Tibetan plateau (Shang et  al. 
2018)
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that artificial grassland established on bare land in Qinghai province had 33% higher 
soil carbon content when compared to bare land and also had stable vegetation. A 
study case at an altitude of 3700–4000 m showed that in 5 years of proper manage-
ment, artificial grassland recovered the soil carbon level in a moderate degraded 
meadow. The soil carbon storage in the artificial grassland (107 t per hm2, was not 
significantly different than the non-degraded meadow (137 t per hm2), but was 38% 
higher than the bare land (78 t per hm2). However, the artificial grassland degraded 
again after 4 years, and its soil carbon content (78 t per hm2) declined to the level of 
bare land (Li et  al. 2014). Zhang (2015) compared degraded artificial grassland, 
bare-land, and un-degraded meadow in three counties, that some artificial grassland 
degraded again and decreased vegetation biomass but the higher soil carbon level, 
while soil carbon decreased to a level below bare land (Zhang 2015). These 
responses depended on the area and background, and utilization history. These find-
ings are useful for the artificial grassland establishment and management in bare 
land areas on the Tibetan plateau.

Under good management, artificial grassland can improve the ecological and 
productive functions (Fig. 18.5). A 6 year study on the economic benefits of artifi-
cial grassland showed that good management with investment that earn more 
income than without investment (Dong et al. 2011a, b; Table 18.1). The first invest-
ment required for artificial grassland establishment requires funds for seeds, fertil-
izer, machinery and labor and fencing. In addition, communication and participation 
by local residents should be encouraged (Shang et  al. 2017). Whether from the 
improvement and the effective management resulting in improved carbon benefits 
and livelihoods is the core for ecological restoration engineering in the HKH (Shang 
et al. 2016b, 2017).

Fig. 18.5 Bare land degraded grassland (left) and artificial grassland established on bare land after 
18 years (right) (Photography by Shang et al. 2009, 2017)
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Table 18.1 Economic statistics of establishing sown grassland on bare soil land (study site 
a.s.l = 3700 m) (Dong et al. 2011a)

Treatment Years

Hay forage 
production 
(kg/hm2)

Stocking 
rate 
(sheep/
hm2)

Income 
(sheep/
hm2)

Invest 
cost 
(sheep/
hm2)

Net 
income 
(sheep/
hm2)

Net income/
invest

Sown 
grassland 
without 
management 
and under 
traditional 
grazing 
system

1th 3959.8 7.59 2277 1537.5 739.5 0.48:1
2th 4950.4 9.49 2847 22.5 2824.5 125:1
3rd 3554.9 6.82 2046 22.5 2023.5 89:1
4th 2641.3 5.07 1521 22.5 1498.5 66:1
5th 1545.8 2.96 888 22.5 865.5 38:1
6th 792 1.52 456 22.5 433.5 19:1

Sown 
grassland with 
management 
and planned 
grazing 
system

1th 3959.8 7.59 2277 1537.5 739.5 0.48:1
2th 7496.1 14.38 4314 322.5 3991.5 12:1
3rd 6010.3 11.53 3459 322.5 3136.5 10:1
4th 5741.9 11.01 3303 322.5 2980.5 9:1
5th 5183.2 9.94 2982 397.5 2584.5 7:1
6th 5151.5 9.88 2964 397.5 2566.5 6:1

18.3.3  Multiple System Coupling on the Tibetan Plateau

Combining agriculture, forest, and pasture is common for developing sustainable 
livelihoods. For example, agro-grassland and agro-forest can increase productivity 
of the land area (Herrero et al. 2010; Dong et al. 2011a, b; Dong et al. 2016). In the 
HKH, in particular in the China-Himalaya region, the grain-agriculture, livestock 
production, forestry and specific industries all provide income in the mountain and 
river valley region (Dong et al. 2010). There is much water, mountain and valley 
land and forests in the region, which allows all these enterprises to be profitable. 
The marketing and commerce mechanism should be examined in these multiple 
systems, and the government should encourage multiple system coupling by poli-
cies and investments (Dong and Sherman 2015). The development of ecological 
protection and productivity is another important way for promoting multiple sys-
tems (Khan et al. 2014).

In a regional case for solving overgrazing and starvation by livestock in alpine 
grasslands, forage was produced for fodder and livestock was fattened at lower alti-
tudes. The livestock was brought from higher altitudes, fattened and then marketed. 
This system reduced the stocking rate and reduced the pressure on the natural grass-
land and. In another case, four enterprises formed the multiple system (Zhao et al. 
2018; Fig. 18.6). In the first part the herders-controlled stocking rate at the pasture 
growing stage to retain half the amount of above-ground biomass at each grazing 
period. In the second part, artificial forage supplement was provided when needed. 
In the third part, supplements were provided to prevent deficiencies in nutrition and 
elements. In the fourth part, local herders received ecological compensation based 
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on carbon benefits. Zhao et al. (2018) proposed a new model of “three zones cou-
pled system” approach of pastoral livestock on the QTP (Fig. 18.6). In addition, an 
integrated model for increasing grassland carbon and livelihood benefit in pastoral 
areas on the Tibetan plateau was proposed by Shang et al. (2014, 2017). It was con-
cluded that more attention should be given to the multi-system approach and that 
the model should be adapted to local conditions. It was also suggested that the par-
ticipation of local residents should be encouraged in carbon management and liveli-
hood improvement.

Another typical case of system coupling is in the Lhasa valley and northern Tibet 
(Fig. 18.7; Long et al. 2010a, b). In this case, forage or grain feed is transported 
from the Lhasa valley (<3500 m) to the northern Tibet alpine mountain pasture area 
(>4500 m) for supplementing livestock during forage shortage in the cold season. 
This system has not shown a significant ecological benefit as yet, but the forage 
producers in the Lhasa valley earned considerable income and the soil carbon con-
tent was increased  (Shang et al. 2009). In northern Tibet, the forage supplement 
during the cold season (winter and spring) greatly increased the vegetation coverage 
and the carbon storage. (Shang et al. 2016a, b, c). An experiment of cropping-forage 

Fig. 18.6 The functions of rangeland, mixed crop/rangeland, cropland and its integrated produc-
tion system on the Qinghai–Tibetan Plateau (Zhao et al. 2018)
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rotation showed that soil carbon storage and livelihood benefit can be enhanced with 
legume forage (Table 18.2; Bianba 2006).

18.3.4  Community Forestry

Community forestry also known as social forestry, was proposed by Jack Westoby 
in 1968 at the British Commonwealth’s Ninth Forest Conference. The concept of 
community forestry has been in use (Rana and Chhatre 2017). The forest is an 
important resource for tackling climate change and anti-poverty, particularly in the 
HKH region. India was the first country to develop community forestry, which 
enhanced forestry coverage, tree density, wood biomass and biodiversity, by the 
participating community (Banerjee 1999; Rossi 2007). Nepal was one of the earliest 
countries to enforce policies and laws of the community forestry. Community for-
estry projects have greatly enhanced forest carbon storage and tree density. In par-
ticular, the REDD+ project provided livelihood assistance and contributed to 
mitigate climate change effects in Nepal (Pandey et al. 2016; Anup et al., 2018). 
However, due to differences in topography, and management in carbon storage, the 
community forests require an overall evaluation to improve the ecological benefits 
(Luintel et al. 2018).

In the evaluation of community forestry project in Nepal, there were positive 
outcomes and good knowledge about forest coverage, carbon and livelihood of local 

Fig. 18.7 Valley 
cropping-mountain 
rangeland—livestock 
framing model (Long et al. 
2010a, b)

Table 18.2 The soil carbon storage and net-economic benefit analysis of cropping-forage rotation 
in the Lhasa valley region (Bianba 2006)

Crop-forage rotation system in 
Lhasa valley area

Soil organic carbon storage 
(0–20 cm) kg/ha

Net income (3 years) 
(RMB/ha)

Common vetch-barley-wheat 51.0∗105 kg 28,079
Alfalfa-barley-wheat 53.5∗105 kg 30,132
Wheat-barley-wheat 36.2∗105 kg 15,468
Wheat-wheat-wheat 28.4∗105 kg 14,559
Fallow-barley-wheat 41.0∗105 kg 8683
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resident in community forestry area. For example, in the two community forestry 
located in Pokhara and Hathmandu, the survey research did the comparison of veg-
etation carbon, soil carbon and tree from between 2011 and 2014, the result found 
out that, the project increased the carbon storage and tree density (Rossi 2007). 
However, in recent an evaluation study had been surveyed 620 community forestry 
in Nepal (Bluffstone et al. 2017; Luintel et al. 2018). More information is needed at 
the country level in for the projects to enhance the capacity building of local resi-
dent for biodiversity protection and carbon storage in the community (Bluffstone 
et al. 2017; Luintel et al. 2018).

Pandey et al. (2017) evaluated 105 community forests in the REDD+ program by 
using the carbon benefit method to account for the cost of community forest man-
agement and carbon fixing benefits. It emerged that there was very little benefit for 
carbon fixing after management costs were included in the balance. Therefore, the 
REDD+ project, should consider other ecological service functions in the policies 
for developing community forest projects (Pandey et al. 2017; Newton et al. 2016). 
Karki et al. (2018) concluded that there are four pathways to use forests for food 
security in Nepal: (1) income and employment; (2) inputs to increase food produc-
tion; (3) directly for food; and (4) renewable energy for cooking. However, food 
security is a serious problem in community forests which has not be solved by the 
management of community forests (Karki et al. 2018). Firstly, there is a need for 
in-depth research to generate alternative methods and transform the conventional 
‘forests for soil conservation’ to ‘forests for food security’ without compromising 
the environmental services provided by forests. Secondly, there is a need to engage 
critical researchers and policy makers to apprehend and recognize the pathways 
linking community forests and food security. Thirdly, in order to complement this 
critical policy research there is a need to better understand the quantitative dimen-
sions and interactions among the four food security pathways. Finally, the integra-
tion of sectoral planning and actions, mainly between the agriculture and forestry 
agencies, needs to be reflected in order to mainstream priorities that would ensure 
community forest-food security linkages. This should be considered at the national 
level policy debates as well as policy formation at various government levels (Karki 
et  al. 2018). Although the community forest policies were developed broadly in 
Nepal, there is still a large challenge to arrive at a solution for the local resident’s 
livelihood demands and sustainable management of the forests (Khatri et al. 2018; 
Figs. 18.8 and 18.9).

18.3.5  Community Pasture

Grassland-livestock production is important for small households but has resulted in 
grassland degradation and livelihood problems. Community cooperation programs 
have developed community pasture and forage production under government finan-
cial support. In addition, factories were established for animal products and other 
local products, and for the sale of the products (Zhang and Li 2014; Fig. 18.10). To 
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promote cooperative systems on the Tibetan plateau, the Chinese government 
launched a number of projects of community pasture to support combined agricul-
ture and livestock, including research projects. This cooperation model of commu-
nity pasture has been developing all over the Tibetan plateau. It has affected herders 
and companies, and it has improved industry, ecological compensations mecha-
nism, and marketing standard. From 2012–2016, the Ministry of Agriculture of 
China launched community pasture demonstrations in Sichuan, Gansu, Qinghai, 

Fig. 18.8 Pathways linking community forests with food security (Karki et al. 2018)

Fig. 18.9 The husbandry industry in community forestry of Nepal (Photography by Yu Li 2017)
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Tibet, Yunnan, that demonstrated new improved techniques for resource manage-
ment and production exploitation (Wei et al. 2015; Zeibai 2018).

Essentially, the community cooperation is a natural resource management sys-
tem applied broadly to pastures, agriculture, livestock, forests and fisheries. It is 
generally equitable and egalitarian, efficient and comprehensively sustainable 
(Bullinger et  al. 2010; Crewett 2012; Dörre 2015). In this regard, the strategy 
should also include the provision of specified financial, technical, and educational 
support for the transition period to the new regime when requested by the respec-
tive management bodies. Ignoring empirical evidence and local circumstances can 
lead to a repetition of the often-made mistake of implementing theoretically sophis-
ticated approaches that, finally, fail on the ground (Dörre 2015). Now in the China-
HKH region, family pasture and community pasture have been established and 
used for grassland-livestock systems which are important in carbon management 
and livelihood development.

Follow-up assessments are very important for the management of community 
pastures. In the assessment, ecological, livelihood, and social benefits (ELSBs) are 
the basic evaluation parameters. It is  important for  the assessments that  the local 
residents’ impressions of the benefits of these co-operative systems. In a number of 
surveys, it emerged that these impressions can vary widely, (Wei et al. 2015; Zhang 
2014) which suggests that the cooperation system of grassland husbandry is still in 
the developing stage and needs improvement.

The link among the environment, livelihood, and society is important to assess 
the sustainable development of community pasture. Cheng et al. (2018) assessing 
the ‘Panchen Project’ of 2012–2016 for 8 community pastures, reported that the 
degree of linkage increased gradually significant difference among the parameters 
(Table 18.3). He considered that the investments and talents, with support from poli-
cies, culture and industries were the key factors in linking the variables. Cheng et al. 
(2018) concluded that community pasture management should satisfy local demands 
and take into account natural resource limitation, fragility, industry planning, and 
environment services. It should also encourage participation by local residents and 
enhance the ecological services and social-economic development.

Fig. 18.10 A Yak dairy factory in the cooperation unit (left) and grassland cooperation manage-
ment area (right) (Photography by Shang et al. 2017)
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18.3.6  Alliance for Transboundary Protection Areas in HKH

Trans boundaries are a very important area among the HKH’s countries for natural 
protection reserves. In the transboundary area of HKH, there are unique landscapes, 
corridor channels, high culture diversity, and high biodiversity (Sandwith et  al. 
2001). In general, the transboundary area contains rare animal species’ and acts as 
a migratory route for species of animals. The ‘transboundary-protecting-alliance’ 
has a very important role for species and ecosystems and landscape protection in the 
world. The transboundary protection needs coordinating efforts among the stake-
holder countries for maintaining protection needs, policy making, and assistance. 
For example, in the Hindu Kush Karakoram Pamir region, there are six major 
reserves in transboundary areas among China, Pakistan, Tajikistan, and Afghanistan 
for protecting snow leopard, Marco Polo sheep and other rare species by (Fig. 18.11; 
Table 18.4). Another important aspect of transboundary protection area is the local 
resident’s livelihood development and culture conservation.

The protection reserves development has considered the local residents’ liveli-
hood and development as well as their customs and culture. In the transboundary 
protection areas, communication among reserves is important for development of 
ecological and livelihood benefits. Periodic joint scientific surveys, ecological pro-
tection benefit evaluations, the effect of key species protection analysis, cost analy-
sis and ecological compensations are parameters to be examined in transboundary 
protection areas (Long et al. 2018). It is important to share knowledge, traditional 
knowledge pertinent to the area, among transboundary areas to promote joint pro-
tection activities (Lewis 1996).

The HKH region needs more action in transboundary protection campaign in the 
world beyond the current global protection and development paradigm. For exam-
ple, in September 13–17, 2018, Lanzhou University, ICIMOD and other 
 organizations organized an international workshop titled “Harmonizing conserva-
tion and development along the Silk Road’. With growing challenges of climate 
change, globalization and increasing infrastructure projects, the maintenance of its 

Table 18.3 Coupling degree of coordination (ecological sector, livelihood sector and social 
sector) of community pasture development in the Qinghai-Tibet Plateau from 2013 to 2016 (Cheng 
et al. 2018)

Name of community pasture 2013 2014 2015 2016

Mozhugognka ∗ ∗∗ ∗∗ ∗∗∗
Hongyuan ∗∗ ∗∗∗ ∗∗∗ ∗∗∗∗
Henan ∗∗ ∗∗∗ ∗∗∗∗ ∗∗∗∗
Shangri-la ∗∗ ∗∗ ∗∗ ∗∗∗∗
Yambajan ∗ ∗ ∗ ∗∗
Ganzi ∗ ∗ ∗∗ ∗∗∗
Yushu ∗∗ ∗ ∗∗ ∗∗
Xiahe ∗∗ ∗∗ ∗∗∗ ∗∗∗
∗ Extreme incoordination, ∗∗ Incoordination, ∗∗∗ Quasi coordination, ∗∗∗∗ Coordination
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fragile alpine ecosystem of HKH region would require truly transboundary manage-
ment (Van Oosten 2018). Currently, the landscape of the transboundary area is man-
aged as a series of “conservation islands,” separated by a hardening of national 
borders, divergent national policies and increasingly fragmented infrastructural 
works. In the workshop, organizations and agencies expressed their concerns, and 
assessed the feasibility of creating a regional network of protected areas to harmo-
nize conservation and development along the Silk Route (Van Oosten 2018). The 
network believes that sustainable and inclusive regional integration should be and 
can be achieved by sharing knowledge and information and by developing joint 
management plans to face the challenge of rapid infrastructural development (Van 
Oosten 2018). As a network, partners will be better positioned to contribute to a 
more ecologically sustainable and socially inclusive planning process. In this way, 
the proposed network will contribute to balancing conservation and development 
and set an example for other transboundary landscapes in the HKH region (Van 
Oosten 2018).

18.4  Conclusion

Until now, there is no clear and definite role of carbon management in the HKH, and 
its role in global carbon management. The action and plan of carbon management 
has been formulated under the Paris Agreement’s formwork. As the biggest geo-
graphical unit in Eurasia, special attention should be given the HKH region for cli-
mate governance and carbon management. The lack of detailed and reliable data on 
carbon balance and livelihood in HKH has made it difficult in coordinating a carbon 
management campaign. Another important problem is the low economy and 

Fig. 18.11 Major transboundary areas in HKH region (source from ICIMOD)
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education in the HKH region; consequently, implementation of an effective carbon 
management program is dependent on government assistance.

The final aim of carbon management and benefit improvement is the storage of 
carbon into the soil. However, in the HKH region, local residents’ depend heavily 
on vegetation and natural resources, and it is difficult to ban activities related to 
livelihoods. Human activities are becoming more intensive in the HKH region and 
these activities have different impacts on carbon balance. Consequently, in consid-
ering livelihood transformations to alleviate poverty, consideration must be given to 
how the carbon benefits will be affected. Three aims can be adapted by the carbon 
management campaign in HKH. The first is an end hunger by achieving food secu-
rity and improving nutrition and promoting sustainable agriculture. The second is to 
take urgent action to combat climate change and its impacts. The third is to protect, 
restore, and promote sustainable use of terrestrial ecosystems, manage sustainable 
forests, combat desertification, and halt and reverse land degradation and halt 
 biodiversity loss (Timalsina et al. 2018). This three-priority in the carbon manage-
ment and global climate campaign is appropriate in the development of the HKH 
region.
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