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Abstract The traditional agricultural landscape has many ecosystem services as

well as a rich biodiversity. This paper analyzes the multiple ecosystem services

provided by the Hani Terrace landscape in southwestern China. The results indi-

cate: the Hani Terrace landscape is a traditional sustainable rice agriculture land-

scape which has multiple ecosystem services and a rich biodiversity that are

generated from the close relationships between the landscape elements/ecosystems

that are maintained by local farmers. However, although the Hani Terrace land-

scape has almost maintained its original status, it is facing continuous pressures

from social and economic development so adequate adaptive management strate-

gies should be developed to meet the challenges.
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7.1 Introduction

Traditional agricultural landscape is the indigenous form of ecologically-based

agriculture and relies on the co-evolution of local cultural and environmental

systems. It exhibits a high ecological rationale, which is expressed through the

intensive use of local knowledge and natural resources, including the management

of agro-biodiversity in the form of diversified agricultural systems (Altieri 2004).

Compared to modern industrial agriculture, traditional agricultural landscapes are

more beneficial to natural ecosystems, but marketable crop yields and production

are lower (Millennium Ecosystem Assessment 2005). According to previous study

and field survey, we summarize the differences between traditional and modern

industrial agricultural landscape by the components, ecological processes, ecosys-

tem services and biodiversity (Table 7.1).

Because of the multiple ecosystem services and rich biodiversity, traditional

agricultural landscapes have attracted more conservation concern in the past decade

(Swift et al. 2004). Rice is the most important irrigated crop in the world. There are

many kinds of traditional rice paddy landscapes in Asia due to the long history of

rice cultivation. For example, the Cordillera rice terraces in the Philippines, the

Satoyama landscape in Japan, and etc.

In this article, we take one traditional rice paddy/terraces landscape in eastern

Asia, the Hani Terraces in southwest China, as a case study, analyze the desirable

and non-target ecosystem services within and outside the landscape, and identify

the mechanisms that maintain the ecosystem services and biodiversity in the Hani

Terraces. We then consider their potential to improve the conservation and revital-

ization of similar landscapes.

7.2 Brief Description of the Hani Terraces Landscape

The Hani Terrace is a unique traditional agricultural landscape that is suited to the

high-relief mountainous region with a subtropical monsoon climate. Due to its

outstanding value in world, it was listed in the world cultural landscape heritages in

June 2013. It is mainly located in the four counties of Honghe Hani and Yi

Autonomous Prefecture, namely: Yuanyang, Honghe, Lvchun and Jinping, which

are located in the southeastern part of Yunnan Province, southwestern China

(Fig. 7.1). The landscapes are mainly composed of forests (including primary and

secondary forests), villages and rice terraces which are flooded with water over the

whole year. Its’ simplified vertical structure is characterized as up-slope forests,

middle-slope villages and down-slope rice terraces (Jiao et al. 2012). The ratio of

the main land use systems is as follows: forests/terraces/crop land/other land

uses¼ 3:1:2:1 at the Yuanyang county. People of various races, with Hani being

the main ethnic group, have created this spectacular agricultural landscape over

1300 years.
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The Hani Terraces is a traditional subsistence farming system which provides a

number of ecosystem services (Takeuchi 2010; Jiao et al. 2012) including provi-

sioning services, i.e. species that provide us with food, timber, medicines, and other

useful products; regulating services, such as flood control and climate stabilization;

supporting services, such as soil formation and water purification, and cultural

services, which are esthetic or recreational assets that provide both intangible and

tangible benefits, such as ecotourism attractions (Kremen and Ostfeld 2005). In

addition, it serves as a valuable model of a society in harmony with nature. It has a

long history of adaptive management of the semi-natural environment which has

led to a rich diversity of plants and animals. Thirdly, it is facing serious challenges

at the local and global scale. For example, the Hani Terraces are under considerable

Table 7.1 Landscape components, ecological processes, ecosystem services and the biodiversity

status of traditional and industrial agriculture

Parameters Traditional agricultural landscape Modern industrial mono-agriculture

Landscape

components

Mosaic of large-sized agro-forest land,

middle-sized arable land and pas-

ture, small-sized settlements and

wet areas

Separated and large-sized arable land,

together with pasture and

timberland

Ecological pro-

cesses within

the

landscape

Mass flows come from natural eco-

systems (mainly agro-forest), such

as water and renewable nutrients,

which are continually moving into

the arable land and settlements.

Renewable energy from agro-

forest and arable ecosystems also

moves into the settlements. The

whole landscape is under cyclic

and dynamic conditions

Water flows and chemical fertilizers

are used frequently during the crop

growing season. Pesticides are used

to kill pests (animals or micro-

organisms feed on the crops).

Non-renewable energy is used on

the arable land and crop products

are continually moving to market

Provisioning

services

Food (including products from culti-

vated plants, livestock and the

collection of wild flora and fauna),

construction timber, firewood,

fiber, fresh water and genetic

resources

Crop products, timber and fiber

Supporting

services

Soil formation, nutrient cycling and

primary production

Primary production

Regulating

services

Climate regulation, disease regulation,

flood control and detoxification

Emissions contributing to climate

warming, disease dispersal,

flooding and drought, water eutro-

phication and toxification

Cultural services Spiritual, recreational, esthetic, inspi-

rational, educational, communal

and symbolic values

Communal and symbolic values

Negative effects Habitat degradation, insufficient

product marketing and lower crop

yields and production

Habitat loss, competition for pollina-

tion, water, pest damage and pesti-

cide poisoning of non-target

species

Biodiversity Rich Low
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pressure from economic development because of the poverty of local farmers and

the under-developed socio-economic conditions.

7.3 Ecosystem Services Provided by the Hani Terrace

Landscape

The Hani Terraces are a mosaic of well connected ecosystems including forests,

terraces, cropland, grassland and wet areas. Each ecosystem in the landscape has its

components, which have multiple ecosystem services that are directly or indirectly

related to each other. Due to the spatial separation between on-site and off-site

ecosystem services caused by the transfer of biological resources/flows

Fig. 7.1 Location of the Hani Terraces in Yunnan Province, south west China

84 Y. Jiao et al.



T
a
b
le

7
.2

E
co
sy
st
em

se
rv
ic
es

p
ro
v
id
ed

b
y
th
e
H
an
i
T
er
ra
ce

la
n
d
sc
ap
e

E
le
m
en
ts

F
o
re
st

C
ro
p
la
n
d

W
et

ar
ea
s

S
et
tl
em

en
ts

G
ra
ss
la
n
d

C
o
m
p
o
n
en
ts

N
at
u
ra
l
fo
re
st
,
n
at
u
ra
l
sa
cr
ed

fo
re
st
,
n
at
u
ra
l
ti
m
b
er
-

ch
ar
co
al

fo
re
st
,
se
m
i-

n
at
u
ra
l
C
ao
g
u
o
fo
re
st
an
d

cu
lt
iv
at
ed

te
a
p
la
n
ta
ti
o
n
s

S
m
al
l
si
ze
d
ri
ce

fi
el
d
s
fu
ll
o
f

w
at
er
,
le
v
ee
s
m
ad
e
u
si
n
g

so
il
,
ri
v
er

v
al
le
y
,
ch
an
n
el

sy
st
em

s
an
d
p
at
h
sy
st
em

s

N
u
m
er
o
u
s
te
rr
ac
ed

p
o
n
d
s
al
o
n
g
th
e

ri
v
er

v
al
le
y
,
ri
v
er

an
d
a
sm

al
l

re
se
rv
o
ir

H
o
u
se

an
d
li
v
es
to
ck

co
rr
al
s,

re
cr
ea
ti
o
n
al

p
la
ce
s,
ro
ad
s,

d
ri
n
k
in
g
w
at
er

p
o
o
l,
w
as
te

w
at
er

p
o
o
l,
h
o
rt
ic
u
lt
u
ra
l

la
n
d
,
b
am

b
o
o
,
fr
u
it
tr
ee
s

o
r
sp
ar
se

tr
ee
s

N
at
u
ra
l
g
ra
ss
-

la
n
d
o
r
n
ew

ly

p
la
n
te
d
G
ra
in

to
G
re
en

la
n
d

D
es
ir
ab
le

E
S

w
it
h
in

th
e

la
n
d
sc
ap
e

P
:
fr
es
h
w
at
er

fo
r
ir
ri
g
at
io
n

an
d
d
ri
n
k
in
g
,
fi
re
w
o
o
d
fo
r

h
ea
ti
n
g
an
d
li
g
h
t,
ti
m
b
er
,

p
o
le
s
fo
r
h
o
u
se
s
an
d

fe
n
ce
s,
li
tt
er

fa
ll
,
b
am

b
o
o

sh
o
o
ts
,
w
il
d
an
im

al
s,
fr
u
it
s

an
d
m
u
sh
ro
o
m
s
an
d

m
ed
ic
in
al

p
la
n
ts
;
C
:
cu
l-

tu
ra
l
in
h
er
it
an
ce

P
:
ri
ce
,
st
ra
w
,
fi
sh

an
d
o
th
er

aq
u
at
ic

an
im

al
s
fo
r
m
ea
t

an
d
se
m
i-
aq
u
at
ic

an
d

aq
u
at
ic

p
la
n
ts
fo
r
fo
o
d
;
C
:

cu
lt
u
ra
l
in
h
er
it
an
ce

P
:
fr
es
h
w
at
er
;
R
:
fl
o
o
d

an
d
d
ro
u
g
h
t

re
g
u
la
ti
o
n

P
:
m
ea
t,
v
eg
et
ab
le
s,
fr
u
it
s,

o
rg
an
ic

fe
rt
il
iz
er
;
R
:
m
an
-

ag
e
an
d
m
ai
n
ta
in

th
e

w
h
o
le

la
n
d
sc
ap
e;

S
:
cu
lt
i-

v
at
ed

so
il
fo
rm

at
io
n
;
C
:

cu
lt
u
ra
l
ce
n
te
r
fo
r
re
si
-

d
en
ts
an
d
re
cr
ea
ti
o
n

P
:
la
n
d
fo
r
g
ra
z-

in
g
,
st
ra
w

fo
r

h
o
u
se
s
an
d

fe
rt
il
iz
er

D
es
ir
ab
le

E
S

fo
r
cr
o
p

m
ar
k
et
in
g

an
d

p
ro
d
u
ct
io
n

P
:
C
ao
g
u
o
an
d
te
a

P
:
ri
ce
,
fi
sh
;
R
:
n
u
tr
ie
n
t

re
te
n
ti
o
n

P
:
m
an
y
k
in
d
s
o
f

aq
u
at
ic

an
im

al
s
an
d

p
la
n
ts

P
:
m
ea
t
an
d
v
eg
et
ab
le
s

N
o
n
-t
ar
g
et

E
S

o
u
ts
id
e
th
e

la
n
d
sc
ap
e

P
:
fr
es
h
w
at
er
an
d
se
m
i-
n
at
u
ra
l

h
ab
it
at
s;
S
:
n
u
tr
ie
n
t

cy
cl
in
g
,
an
d
ca
rb
o
n

se
q
u
es
tr
at
io
n
;
R
:
cl
im

at
e

an
d
fl
o
o
d
co
n
tr
o
l;
C
:

re
cr
ea
ti
o
n

P
:
fr
es
h
w
at
er
,
w
et
la
n
d
fo
r

o
rg
an
is
m
s;
R
:
cl
im

at
e
an
d

fl
o
o
d
co
n
tr
o
l;
C
:
re
cr
ea
ti
o
n

P
:
fr
es
h
w
at
er

an
d

n
u
m
er
o
u
s
w
et
la
n
d
s

fo
r
o
rg
an
is
m
s;
R
:

cl
im

at
e
co
n
tr
o
l

R
:
m
u
lt
ip
le

u
se

o
f
n
at
u
ra
l

re
so
u
rc
es
;
C
:
et
h
n
ic

cu
l-

tu
re
,
re
cr
ea
ti
o
n
an
d

to
u
ri
sm

P
:
h
ab
it
at
s
fo
r

sp
ec
ie
s;
S
:

n
u
tr
ie
n
t

cy
cl
in
g

a
E
S
ec
o
sy
st
em

se
rv
ic
es
,
P
p
ro
v
is
io
n
in
g
se
rv
ic
es
,
R
re
g
u
la
ti
n
g
se
rv
ic
es
,
S
su
p
p
o
rt
in
g
se
rv
ic
es
,
C
cu
lt
u
ra
l
se
rv
ic
es

7 Ecosystem Services and Biodiversity of Traditional Agricultural Landscapes. . . 85



(Guo et al. 2000), we must first classify the ecosystem services into those “within

landscapes” and those “outside landscapes”. Secondly, provisioning services,

including food, fiber, timber and other subsistence materials for life are the target

ecosystem services for farmers, while others, especially regulating and supporting

services, are the non-target ones that mainly provide benefits to the public. For this

reason, we classify the ecosystem services into “target” and “non-target”. Using

this dual classification system, we can summarize the ecosystem services provided

by each ecosystem in the Hani traditional agricultural landscapes (Table 7.2).

The characteristics of the ecosystem services provided by Hani Terraces land-

scape are as follows. (1) The components of each ecosystem is very diverse, for

example, the forest ecosystem composed of primary forests, secondary forests and

shrub forest. (2) The Hani’s daily life is mainly dependent on the target provision-

ing services provided by the terraces and forests, such as rice, fish and other aquatic

animals from the terraces, edible hygrophytes from terrace levees and semi-aquatic

patches, firewood, timber, edible wild mushrooms, plants, insects and animals from

forests. (3) Due to the water shortage for rice planting in high mountains subject to a

subtropical monsoon climate, the Hani people have developed very efficient irri-

gation systems and water conservation strategies in order to regulate water flows.

During the regulation process, the Hani have created target ecosystem services for

water conservation and have also provided significant non-target regulatory and

supporting services for the macro-climate, the hydrological cycle, soil formation

and nutrient cycling. (4) The Hani’s worldview is one of natural religion, and they

believe that many natural things, such as mountains, forests, rivers, terraced fields

and rice, have a divine owner that must be respected. Therefore, the Hani have

associated the landscape with many types of cultural services. In addition, after the

spectacular landscape was publicized by Yann Layma, a French photographer

during 1988–1993, the Hani Terraces landscape has become a world famous

national and international tourist destination and provides a valuable recreation

service.

7.4 Biodiversity Status of the Hani Terrace Landscape

The Hani Terraces are rich in biodiversity compared to China as well as the world

(Table 7.3). The table shows the biodiversity in Yuanyang county is very rich in

plant and animal species, due to the different vertical zonation of vegetation in the

southern and northern parts and the complex terrain and macro-climate conditions

(Fig. 7.2). Within the 2,200 km2 area, the climate moves from a tropical to a

temperate climate and the vegetation ranges from high humid monsoon rainforests

to dry-hot valley vegetation that is similar to Savanna land. At the same time,

centuries of exploitation and utilization by local people has led to diverse, species

rich semi-natural habitats that are dependent on human disturbance. According

to the YYFB (2011) statistics, the number of plant species used by the local people

for timber, dyeing, edible foods, forage, fiber, spiceberry, medicine and oil are
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33, 8, 52, 7, 14, 10, 98, and 23, respectively. In addition, the records of the

Agricultural and Technology Office of the Yuanyang Agriculture Bureau showed

that in 2008 there were 47 local rice landraces, although many others have been lost

because of the expanded use of hybrid rice varieties after the 1980s (Jiao

et al. 2012). Therefore, we can say that biodiversity plays an important role in

providing provision ecosystem services that improve the wellbeing of the Hani and,

at the same time, the semi-natural habitats created by the land management

practices carried out by local people benefit biodiversity.

7.5 Discussion

The Hani Terraces landscape has changed very little over time, but the development

of economy and society are putting continuous pressures on ecosystem services and

biodiversity. For example, the wonderful beauty of the terraces attracts many

national and international tourists, which has meant that tourism has become an

Table 7.3 Species richness of Hani terraces in Yuanyang County of southwestern China. If land

area is the denominator and species number is the numerator, then the number of species per

1,000 km2 can be shown in following way (except the number for the World)

World China Yunnan, China Yuanyang, China

Area (1,000 km2) 9,600 390 2.2

Data source EAJ (2010) Yang et al. (2004) Yang et al. (2004) YYFB (2011)

Mammals 5,490 (21) 0.064 0.779 37.727

Birds 9,998 (12) 0.130 2.077 73.636

Reptiles 9,084 (5) 0.039 0.436 19.545

Amphibians 6,433 (30) 0.030 0.308 17.273

Fish 31,300 (5) 0.402 1.108 49.545

Vascular plants 294,842 (3) 3.424 42.564 660.909

Fig. 7.2 The vertical zonation of vegetation in the southern and northern parts of Yuanyang

County, south west China
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important industry in Yuanyang County. Nevertheless, the conflicts between

farmers and tourist companies are very serious because the beautiful scenery is

created and maintained by farmers, but their considerable recreational value only

benefits the tourist companies and local government. Secondly, large numbers of

tourists consume lots of wild edible plants, as well as the upstream water. This has

led to the local extinction of some wild species and water shortages for irrigation in

downstream areas. Therefore, the balances between different ecosystem services,

biodiversity and human wellbeing should be paid more attentions to solve them.

In conclusion, although the Hani terrace landscape has many target and

non-target ecosystem services as well as a rich biodiversity, it will change with

the pressures come from the inside and outside world. In order to keep the

multifunction of the landscape, the multiple services it provides and the biodiver-

sity it reserve, a sustainable management system should be adopted to conserve the

whole landscape (Takeuchi et al. 2003).
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