Chapter 10
Water as Capital and Its Uses in the Caatinga

Eunice Maia de Andrade, Deodato do Nascimento Aquino,
Luiz Carlos Guerreiro Chaves, and Fernando Bezerra Lopes

Abstract Due to climate and local geology, the only source of water for the entire
Caatinga is rainfall. Annual rainfall averages 773 mm, and 70% of this amount may
precipitate in a single month. The rainfall regime in the region is more strongly
affected by the great spatio-temporal variability of the rains than by the total amount
of rainfall precipitated annually. This variability results in several microclimates,
from a desert climate in the central region to a rainy climate along the coastal areas
and mountainsides due to orographic effects, with alternating drought and flood
years. The scarcity of water in the region is also linked to the physical environment,
such as shallow soils, high evaporative demand, the reduction of vegetative cover,
and social organization. The waterways that make up the drainage network of the
Caatinga are almost entirely intermittent or ephemeral, and throughout the dry sea-
son water is available from artificial lakes and artificial perennial use of rivers.
These constitute the main source of water for many uses, making the prevention and
control of pollution in these sources essential to ensuring a safe water supply. This
natural asset has many uses, from soil and vegetation development to climate ther-
moregulation. In fact, water, soil, and vegetation act in a complementary way; if the
existence of vegetation is dependent on water availability, then vegetation is crucial
to the infiltration of water into the soil and the maintenance of water quality.
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10.1 Introduction

Much discussion has occurred concerning the reduction of water availability
worldwide and whether it is a result of global population growth or the degradation
of bodies of water through human action (Gachango et al. 2015). In addition, water
availability has an important contrasting component, agriculture, which is respon-
sible for the production of the fiber and biomass needed to meet the food and
energy requirements of humans and animals (Boval and Dixon 2012). Faced with
this situation, a model needs to be defined that considers the conservation and
proper management of natural resources as essential components of exploiting the
natural capital of a biome (Giraudeau et al. 2014) and which should consider the
carrying capacity and suitability of the natural resources of each region (Lopes
et al. 2009). This paradigm becomes more important in semiarid regions of the
world, such as the northeast of Brazil, where natural resources (water, soil, and
vegetation) are limited as a result of the climatic conditions of the region (Souza
and Fernandes 2000). As a result of the prevailing crystalline geological basement
of the Brazilian semiarid region, water reserves originate from rainfall that is con-
centrated over a few months of the year, along with intermittent surface runoff
(Farrick and Branfireun 2015). This process was crucial to the formation of the
deciduous forest and the caatingas, the predominant type of vegetation in the
Brazilian semiarid region (Sampaio et al. 2005; Pennington et al. 2000). The clas-
sical models of man’s use of natural resources have failed because they separate
socio-economic issues from the environmental features inherent to a region (Nelson
et al. 2009). In addition to knowledge of environmental and socio-economic
dynamics, it is also necessary to identify any conflicts that may exist between
development goals and the carrying capacity of the natural resources that make up
the Caatinga region.

Although a new paradigm has been developed regarding the use of this natural
asset, which has economic value because of the direct and indirect benefits it gener-
ates for the human population (Braat and Groot 2012), much still remains to be
done. For example, low levels of social organization and joint action occur on the
part of rural residents. This situation compromises the production of food for these
residents, especially those of low economic status, who depend completely on the
availability of natural resources in the region (Buainain and Garcia 2013). In 1980,
Duque was already discussing the preference for isolated action among the people
who inhabit the Caatinga.

We are living in a time in which actions and decision making must be in line with
local environmental reality and consider the goods and services generated by natu-
ral assets. Therefore, this chapter discusses the production and uses of water as capi-
tal in the Caatinga.
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10.2 Rainfall Regime of the Caatinga

The Caatinga is characterized by abundant solar energy, a water deficit, and low
relative humidity, which contributes to the high evaporation rates of water bodies
and wet surfaces. Its geographical area is bounded by the 800-mm annual isohyet.
In this regard, the Caatinga is very similar to the semiarid northeastern region,
which is also known as the drought polygon (Pereira Junior 2007).

The rainfall regime is more strongly affected by the high spatio-temporal vari-
ability of the rains than the total rainfall precipitated annually (Andrade et al.
2016b). The average annual rainfall in the region is 773 mm (Table 10.1), and 70%
of this amount may precipitate in a single month (Andrade et al. 2010). The rainy
season does not begin or end at a fixed time.

Although 21% of the region receives annual precipitation of less than 600 mm
and 0.6% of the region receives less than 400 mm (Fig. 10.1, Table 10.1), 75% of
the area lies between the 600 and 1200 mm isohyets, and 1.7% of the area receives
an annual total greater than 1200 mm. This spatial variability in rainfall results in
distinct microclimates in the Caatinga region, ranging from a desert climate in the
central region to a rainy climate along the coastal area (Fig. 10.1) and in the moun-
tains due to the orographic effect. In these regions (Precipitation > 1200 mm), there
are records of annual rainfall above the 1800 mm isohyet, as in the case of the city
of Guaramiranga in the state of Ceara.

Due to its proximity to the equator (2°54'-16°18" S), the Caatinga has only two
distinct seasons, a wet season and a dry season, with dry years frequently alternating
with years of flooding. The region is subject to the influence of subtropical high-
pressure areas linked to the semi-permanent South Atlantic anticyclone (Guerreiro
et al. 2013), which is in turn influenced by the Hadley (meridional) and Walker
(zonal) circulations (Ferreira and Mello 2005). This produces a rainfall regime that
depends on geographical position (Fig. 10.2). In the northern part of the Caatinga
region, the rainy season occurs between January and May, reaching a maximum
from March to April, when the Intertropical Convergence Zone (ITCZ) migrates
towards the southern hemisphere and reaches latitudes up to 10° S. The upward

Table 10.1 Average annual Isopleth (mm) Area (%) | Weighted rainfall (mm)
rainfall in the Caatinga <400 0.6 2

400-600 21.9 109.5

600-800 38.6 270.2

800-1000 30.2 271.8

1000-1200 7.1 78.1

>1200 1.6 19.2

Total 100.00 772.8
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Fig. 10.1 Isohyets in the Caatinga

movement of the air associated with the ITCZ generally gives rise to intense pre-
cipitation that is convective in origin and has no definite periodicity (Sun et al. 2006;
Alves et al. 2009). This behavior results in a rainfall pattern that is climatically
anomalous, with highly variable spatial and temporal distributions (Bates et al.
2008).

In the southern region of the Caatinga, the rains begin in October and are concen-
trated in December and January. These rains are caused by cold fronts advancing
toward the equator and reaching latitudes below 10° S (Ferreira and Mello 2005). To
the east (Fig. 10.2), the rainy season begins in May, continues until August, and is
concentrated in June and July. These rains are mainly induced by easterly waves,
which consist of moist air masses moving from the coast of Africa to the east coast
of Brazil (Torres and Ferreira 2011), where they join the sea breeze that advances
over the continent via the process of advection. When oceanic and atmospheric
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Fig. 10.2 Predominant sources of rainfall regimes in the Caatinga

conditions favor the increased displacement of the air masses, these air masses
advance over the central and northern parts of the Caatinga region. In such cases, the
rainy season can last until July or August (Guerreiro et al. 2013).

The rainy season has a unimodal distribution, with 60% or more of the total pre-
cipitation being recorded over 3 months (Fig. 10.3). Also, the lower the annual rain-
fall depth, the greater the contraction of rainfall events. At the three rainfall stations
with the lowest annual rainfall depths, Petrolandia, Campos Sales, and Macau, pre-
cipitation is mainly induced by the ITCZ because the rainiest months occur between
February and April. In contrast, the rainfall distribution recorded at the Bom Jesus
da Lapa station shows that rainfall events there are generated by cold fronts
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Fig. 10.3 Historical series of total monthly rainfall at six rainfall stations in the Caatinga

(Fig. 10.3), and the rains occurring at the Umbuzeiro station are mainly induced by
easterly waves, with the maximum rainfall depths being recorded in June and July.

The greatest water shortages in the Caatinga region begin on the northern coast
of Rio Grande do Norte and move toward the central area of the Caatinga. This void,
located on the western side of Rio Grande do Norte and running in a north—south
direction (Fig. 10.1), is determined by the leeward effect of the Borborema plateau,
along with the presence of dry air masses. Between the latitudes of 8° S and 11° S,
little rain falls (Fig. 10.1) because of the weak influence of the ITCZ and the polar
fronts in the region, that is, the ITCZ or polar fronts do not always arrive with air
masses that are humid enough to generate large amounts of rainfall.

The uncertainties of the rainfall regime are not limited to spatial variability.
Rainfall is also characterized by high inter-annual variability (the existence of
drought) and intra-annual variability (the existence of consecutive dry days [CDDs]
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Fig. 10.4 Historical series (1910-2015) for the rainfall station at Iguatu, Ceara

during the rainy season) (Guerreiro et al. 2013; Andrade et al. 2016b; Santos et al.
2016). It is common for the total annual precipitation at any one station to vary by
more than 1000% (Fig. 10.4) from one year to the next, as is the case at the Iguatu
station in Ceard. For that station, the annual historical series shows records of
133 mm for 1915 and a yearly accumulation of 1348 mm 2 years later (1917).
Variability of this magnitude was also seen from 1983 to 1985, when the total pre-
cipitation varied from 433 to 2075 mm. These results indicate the uncertainty of
events in the Brazilian semiarid region, even on an annual scale (Guerreiro et al.
2013).

Studies of these uncertainties show that the entire Caatinga displays the vulner-
abilities associated with rain-fed agricultural production or pasture (Andrade et al.
2016b). Intra-annual vulnerability is present even in regions with total annual rain-
fall exceeding 1200 mm, demonstrating that water vulnerability should not be lim-
ited only by annual rainfall. For a better understanding of how these events are
distributed throughout the year, a monthly analysis was carried out on a historical
series (1961-2015), which was part of a total series of 106 years. The complete
series was not used due to the unavailability of data on a monthly scale.

Of the months that make up the rainy season, January to May, only January
shows discrepant data (Fig. 10.5), and, with the exception of May, the median tends
to move towards the first quartile. This pattern shows that monthly rainfall depths of
less than the median have values that are close to one another and that monthly
rainfall depth values greater than the median are dispersed, showing greater vari-
ability, along with a trend toward the occurrence of extreme monthly events. Lima
et al. (2008) also found that for the rainiest months, no discrepant data were
registered.

The precipitation that occurred in March and April also shows that 50% (median)
of the total rainfall for these 2 months was higher than the annual total for years of
severe drought (Fig. 10.5). In contrast, the months representing the dry season
(June—December) show the existence of isolated events with high temporal



288 E.M. de Andrade et al.

500 -
412
o
400
T 300
E 262
] o
=
g
_ 9
é 200 |2o|?4
o154 .
o a8
120
(]
98
100 T g8 o
g 2 3 6
: © 63,49 37 41
4 42
N d il ML
) 1

T T T T T T | T T T
Jan  Feb Mar April May Jun Jul Aug Sept Oct Nov Dec

Month

Fig. 10.5 Monthly distribution of the historical series (1961-2015) of annual rainfall for the
Iguatu station

variability in that extreme events are present for every month. As seen in Fig. 10.5,
no rainfall was recorded from July to November in 50% of the investigated years
because the median value is zero. This demonstrates that using only average values
as indicators of the rainfall regime in the Caatinga should be avoided. It is recom-
mended that other indicators be considered, such as the monthly and annual distri-
bution of events, the occurrence of CDDs, and extreme events. The only certainty of
the local reality is the uncertainty with which rainfall events are distributed over
time and space. In addition to the uncertainty of rainfall, the matrix of hydrological
behavior contains shallow soils (Romero and Ferreira 2010) and a drainage system
of ephemeral rivers (Campos 2011). This results in a low level of water being stored
in the soil.

10.3 Geology and Soils

The Caatinga lies inclined over crystalline rocks from the Precambrian (gneisses,
granites, and schists), which represent the predominant geological units in the east-
ern part of the northeast, with the exception of the sedimentary basins located along
the coast (Saadi 1993) and the western part of the region. The evolution of the land-
scape in the Northeast is based on the pedimentation ramps having been subjected
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Fig. 10.6 Inselbergs in the town of Quixadd, Ceara

to climatic changes in Quaternary (Maia et al. 2010), and the pediplains of the
backlands are the result of a vast, slow process of erosion under very humid condi-
tions, followed by intense aridity. In the Brazilian semiarid region, one proof of the
existence of a period of high precipitation and runoff in earlier times is the presence
of pebbles on the land and interfluves in the headwaters (Maia et al. 2010). This
process began in Lower Tertiary, followed by phases of more recent pediplanation
that were contemporary with the deposition of the Barreiras Group. Isolated traces
of younger surfaces are found, which is characterized by plateaus, mountain ranges,
and inselbergs (Fig. 10.6). The geological basement of the Caatinga region consists
mainly of metamorphic and igneous rocks, which make up approximately 70% of
the basement and are commonly described as crystalline.

Geological and climatic processes, together with the action of organisms, gave
rise to the soils of the Caatinga. The result of these interactions can be seen in the
high diversity of soil types, which form a true mosaic in which soil classes can vary
even over short distances. Although the soils are complex and have varying charac-
teristics (Sampaio 1995), it can be said, based on Jacomini (1996) and EMBRAPA
(Empresa Brasileira de Pesquisa Agropecudria) (2013), that 70.3% of the Caatinga
territory is divided into four classes of soil: latosols (24%), litholic neosols (18.2%),
argisols (15.2%), and luvisols (12.9%).

The common occurrence of latosols in the Caatinga is due to the very nature of
the region, specifically the action of the climate on the bedrock. These are deep soils
with low-activity clay, high aluminium content, and low levels of nutrients. The
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latosols are mostly located in the southern and southwestern part of the Caatinga,
which corresponds to Bahia and the southern Piaui; the other three predominant
classes are shallow soils with high-activity clay (2:1) that are not very deep (<50 cm)
but are fertile. In general, these soils have stony surfaces or upper layers and a
strong tendency toward erosion. Rocky outcroppings are common in the area and
are almost always associated with litholic neosols but also occur as inclusions in
other soil classes (Embrapa 2013). The greatest concentrations of argisols, litholic
neosols, and luvisols are located in the northeastern region of the Caatinga, corre-
sponding to the states of Ceard, Rio Grande do Norte, Paraiba, and Pernambuco.

The excess heat and light inherent to tropical semiarid regions results in the rapid
mineralization of organic matter, with the fertility of the soil being a result of its
alkalinity and base richness (Romero and Ferreira 2010). Methods of exploiting
these soils should therefore cause the least possible disturbance of the biological
environment and reinforce the contributions of organic matter by maintaining a live
cover consisting of nitrogen-fixing plants and a mulch of crop stubble, manure, and
various sources of green fertilizer (Duque 1980).

10.4 Vegetation

The combination of the predominant soils, rainfall regime, energy availability
(2800-3000 h year™), and high rates of potential evaporation, which range from
1500 (coastal regions) to 3000 mm year~" in the continental area (Molle 1989; IICA
2002), has resulted in various plant typologies (Neri et al. 2012.), predominantly
seasonally dry tropical forest (Pennington et al. 2000). From a phytosociological
point of view, the density, frequency, and dominance of the species are determined
by variations in topography, soil type, and rainfall (Sampaio et al. 2005; Prado
2008; Moro et al. 2016).

As for resilience, the plant species that make up the Caatinga display physiologi-
cal adaptations to their environmental conditions. Knowledge of these adaptations is
indispensable in understanding the functionality of the region, which represents the
largest area of seasonally dry tropical forest in South America (Miles et al. 2006;
Pennington et al. 2000). Among plants of the Caatinga, closing the stomata in an
attempt to maintain favorable levels of water content in their tissues for as long as
possible is one of the first lines of defense against drying out (Silva et al. 2004). This
mechanism of stomatal closure at the hottest times of the day constitutes a strategy
used by many species that inhabit arid and semiarid regions to prevent excessive loss
of water through transpiration (Chaves et al. 2016). Hence, this behavior is a form of
adaptation or acclimatization by the plants to the water deficit they face, maintaining
transpiration to a low level and keeping stomatal opening to the minimum necessary
to assimilate a sufficient amount of CO, to continue with the photosynthetic process,
though at a reduced capacity (Sena et al. 2007). This physiological process leads to
improved water-use efficiency (WUE) (Medrano et al. 2009), and high WUE allows
plants to remain alive under conditions of water stress for longer periods.
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The reduction in the number of leaves seen in various species of plants in the
Caatinga that are subjected to water stress is believed to be another strategy for
survival under adverse conditions by virtue of the reduction of water loss through
transpiration and thus a greater resistance to drought (Santiago et al. 2001). In addi-
tion to leaf senescence, there are reports in the literature of plants in the Caatinga
that are subjected to severe water deficits tending to invest more in the elongation of
the roots than that of shoots in order to absorb water from the deeper zones of the
soil (Barbosa et al. 2000). Root architecture and roots’ ability to exploit the deeper,
more humid layers of the soil, together with a higher root to shoot ratio, are impor-
tant characteristics among plants in the Caatinga that face water deficits (Scalon
et al. 2011). Understanding these mechanisms is important because most of the
global predictions concerning climate change highlight ever more frequent and
extensive drought events (Magrin et al. 2014), which would lead to changes in the
behaviors of some species and an increase in desertification in some regions (Santos
et al. 2014).

10.5 Water Availability

The semiarid region of Brazil is characterized by a high water deficit, and it is pos-
sible for rivers to remain naturally dry for more than 18 months, which illustrates
the low water availability in the region. Of the total rainfall occurring in the Caatinga,
88% is transformed into real evapotranspiration, 9% becomes runoff, and only 3%
becomes groundwater flow. This demonstrates a negative water balance, and water
availability is restricted to the rainy season, as can be seen in Fig. 10.7.

The semiarid region of Brazil is affected by water shortages, which are aggra-
vated by domestic, industrial, and agricultural pollution (Reboucas 1997). Inasmuch
as the global demand for water grows, the availability of fresh water decreases.
Therefore, maintaining the water supply not only in terms of quantity but also in
terms of quality will be a major challenge for society.

In arid and semiarid regions located at low latitudes, such as the Caatinga region,
artificial lakes (Fig. 10.8) and the artificial perennial use of rivers are the main
sources of water for domestic, industrial, and agricultural use, making the preven-
tion and control of pollution in these water sources essential in ensuring the water
supply. In the Caatinga, 74% of the lakes are artificial (reservoirs) and 26% are natu-
ral. This is due to the characteristics of the rainfall regime, geology, and soils, as
well as the haphazard removal of natural plant cover for the construction of artificial
lakes (Molle 1994).

Considering that in the basins of intermittent rivers, the natural availability of
surface water is zero, storage reservoirs allow the inter-annual regulation of natural
runoff and ensure the availability of a constant annual volume. In this case, flow
rates, which are regulated by the reservoirs, represent the availability of surface
water. For perennial rivers, the minimum natural flow rates correspond, in principle,
to the availability of water (CEARA 2008). In terms of the territorial distribution of
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Fig. 10.7 Water balance for the town of Campos Sales, Ceard

surface water in the states of the Caatinga, Ceard stands out as having the highest
concentration (1349), equivalent to 38.39% of the total, in contrast to the state of
Sergipe, which has a total of only 18 reservoirs, corresponding to 0.51% of the total
(Table 10.2).

The distribution of water body types in each state of the Caatinga (Table 10.2)
shows the greatest number of natural bodies appearing in the state of Bahia (571),
mainly due to the formation of the canyons by the Sao Francisco River, which are
more expressive in the southwest part of the state. In the states of Ceard, Rio Grande
do Norte, and Paraiba, artificial reservoirs dominate, highlighting the policy of res-
ervoir construction in these areas to help the population of the backlands to live with
the natural water scarcity that exists in the Caatinga (Bezerra et al. 2009). As seen
in Fig. 10.8, in the state of Rio Grande do Norte, the reservoirs are concentrated in
the central-west and much of the south of the state, where a basement of crystalline
rocks predominates, while the center-north and the entire coastal area of the state
are formed from sedimentary rocks and soils (Angelim et al. 2007).

Groundwater can occur naturally or artificially in a form that can be extracted
and used by man. Groundwater has always been used as a water source by the popu-
lations of arid and semiarid regions since the early days of ancient civilizations
(Zektser and Everett 2014). To take a simplistic view, due to its geological features,
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Fig. 10.8 Lakes and reservoirs with water surface of over 5 hectares along the elevation of the
spillway in the Caatinga Biome

the Caatinga territory is predominantly composed of two groups of rocks that make
up the hydrogeological provinces: crystalline and sedimentary.

In the region with a crystalline basement, groundwater occurs in fractures and
discontinuities in the rock, which results in discrete reservoirs of limited size
(Deyassa et al. 2014). The use of these sources is always associated with a high level
of risk because little information exists about their exploitation and recharge flow
rates. However, since the 1950s, underground reservoirs have assumed a prominent
role in addressing water-related problems (Reboucas 1999). Researchers such as
Feitosa and Feitosa (2011) believe that the potential volume of water to be extracted
from these rocks can meet the demands of the diffuse population of the Caatinga.
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Table 10.2 Lakes and reservoirs with water surface of over 5 hectares in the Caatinga

Water reservoir/area
State Total Area Natural Area Artificial Area
Alagoas 32 28 10 5 22 23
Bahia 718 3988 571 361 147 3627
Piaui 182 257 116 100 66 158
Sergipe 18 69 6 2 12 67
Ceara 1349 2036 143 160 1206 1876
Paraiba 413 495 7 3 406 492
Pernambuco 189 1073 5 2 184 1071
Rio Grande do Norte 613 720 52 83 561 637
Total 3514 8666 910 716 2604 7951

Table 10.3 Wells in the Caatinga

Wells in the Caatinga
State Area (km?) | Number of wells | Area per well (km?) | Geology
Alagoas 28,000 1652 17 Sedimentary
Bahia 565,000 23,546 24
Piaui 25,200 28,651 9
Sergipe 22,000 5550 4
Paraiba 56,000 18,953 3 Crystalline
Ceard 149,000 21,996 7
Pernambuco 90,000 27,035 4
Rio Grande do Norte | 53,000 10,035 5

These authors estimate that with a median flow rate of 1 m? h™! and a pumping
regime of six hours per day, 720,000 m? could potentially be exploited, which would
allow for the consumption of 200 L day~' per person for 3.6 million users. However,
due to the salinity of the water (sodium chloride), the percentage of groundwater
that is suitable for human consumption in the crystalline region is between 20 and
30% (BRASIL 2005). Limitations on the use of groundwater are related not only to
quantity but also to quality.

Unlike the crystalline basement, the sedimentary basement shows a high poten-
tial for water storage, and the largest groundwater reservoirs are found in the sedi-
mentary aquifers of the Caatinga territory (Ministério de Minas e Energias 2004).
The aquifers of Parnaiba, Potiguar, Jatoba, Reconcavo, and Tucano-Urucuia are
important among these reservoirs. The number of wells in the Caatinga is shown in
Table 10.3. The state of Piauf has the largest number of wells among the Brazilian
states of the Caatinga region; there are 28,651 wells, representing the greatest
groundwater potential in the region as a result of being formed from the Parnaiba
sedimentary basin. The remaining states of the region, such as Pernambuco, Cear,
and Paraiba, also contain large numbers of wells despite the predominance of the
crystalline basement, which, in principle, has a low potential for exploitation
because hydraulic conductivity is low, as are the average porosity, permeability, and
opening of voids (Manoel Filho 2000).
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Based on the ratio between the area of each state of the Caatinga region and the
number of wells, the states of Bahia and Alagoas have the largest areas per well; that
is, on average, there is a well for every 24 and 17 km?, respectively. Paraiba has the
lowest well to area ratio, with a well for every 3 km* on average, followed by
Pernambuco and Sergipe, which both average four wells per km?.

The Caatinga requires further hydrogeological study in order to obtain knowl-
edge of the actual potential of the groundwater there. Only by having precise knowl-
edge about its potential will it be possible to arrive at a plan for the use and
development of the region that ensures the rational usage and sustainable availabil-
ity of water.

10.6 Management of the Caatinga for Water Production

As a natural form of capital, water has various uses, from the development of the
soil and vegetation (formation and conservation) to acting as a thermoregulator of
the climate. In fact, water, soil, and vegetation act in a complementary and associa-
tive way, helping to sustain the environment. In the same way that the soil acts as an
important reservoir of water with which to meet the consumptive demands of veg-
etation, the plant cover and its diversified structure are important in the process of
water storage in the ground. If the existence of vegetation is dependent on water
availability, the same vegetation determines water’s infiltration into the soil and the
maintenance of water quality.

The water generated in a river basin, in addition to meeting the hydric require-
ments of the system, also meets the requirements of agricultural production, watering
livestock, and human demand. The benefits derived from this water by maintaining
the wetlands in dry tropical forests allow these ecosystems to provide very significant
services in dry areas where drought is present for at least 8 months of the year
(Marengo et al. 2016). The conservation of forest remnants, especially in the semi-
arid region, therefore contributes to the protection of surface and underground water
sources, improving water availability and conservation in areas where availability is
limited (Douglas et al. 2005; Farrick and Branfireun 2015). In addition to the conser-
vation of soil, water, and plant resources, there is also the need for the production of
fiber and protein needed to meet the basic food requirements of humanity.

To the extent that natural resources are managed with disregard for their ability
and capacity for support human life, these resources begin to run out, and degrada-
tion sets in. In view of this, there is a need to define and test models of the exploita-
tion of this natural asset in which the sustainability of ecosystems is maintained as
close to a state of homeostasis as possible (Paldcio et al. 2013). Thinning is among
the management alternatives suggested to increase the production and storage of
water in soils of the tropical semiarid region (Rodrigues et al. 2013; Andrade et al.
2016a). This technique consists of the selective control of woody species, in which
some tree and shrub individuals are removed from the vegetation, reducing both the
density of the plants and the ground cover of the woody stratum (Pimentel 2010).
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Fig. 10.9 Period when thinning was being undertaken in the Caatinga
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Management via thinning, the selective removal of trees and shrubs, should be
adopted to reduce competition for water, light, and nutrients, creating more room
for the growth of small herbaceous species (Savadogo et al. 2008). Herbaceous
ground cover is an important factor in defining the pattern of water movement in a
watershed (Garcia-Ruiz et al. 2008). When carried out correctly, thinning inputs
crop residues into the soil (Fig. 10.9). Together with the emergence of herbaceous
undergrowth, thinning promotes the reduction of surface runoff (Fig. 10.10), an
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Fig. 10.11 Soil moisture during the rainy season by type of land use: caatinga under regeneration
for 35 years (a) and caatinga under thinning for 5 years (b)
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Fig. 10.12 Gravimetric moisture in the soil profile under conserved and thinned caatinga from
April 2013 to March 2014 (Aquino 2015)

increase in infiltration, and, consequently, a larger percentage of water being stored
in the soil (Figs. 10.11 and 10.12), as discussed by Rodrigues et al. (2013) and
Andrade et al. (2016a).

The significant reduction in surface runoff after the application of thinning
(Fig. 10.10) results in greater water retention and storage capacity in the soil. The
production dynamics of herbaceous biomass and its relationship to changes in the
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humidity of an inverted neosol under two different types of land use (caatinga pre-
served for 35 years and caatinga thinned for a period of 6 years) showed that thin-
ning contributes more greatly to the maintenance of moisture in the soil (Figs. 10.11
and 10.12). In the regenerating caatinga area, the runoff process begins with soil
moisture content of 25% (Fig. 10.11), while in the thinned area, surface runoff
begins when the soil moisture content becomes greater than 30%. The water storage
capacity of the soil of the caatinga under regeneration was 10%, while for the
thinned caatinga, this value reached 15%, showing that management with thinning
resulted in a 5% increase in soil moisture. These results were confirmed by Aquino
(2015), who identified greater soil moisture at depths of 10, 30, and 50 cm with thin-
ning (Fig. 10.12). The reduced surface runoff and greater soil humidity result in
increased biomass (Palacio 2011) and a reduction of soil and nutrient loss (Lobato
et al. 2009).

Although research shows that thinning can be used to promote the sustainable
use of natural resources in the Caatinga, further research is needed before thinning
can be defined as an integral part of the natural system in tropical drylands. Defining
the threshold of sustainability in a model for the use and exploitation of natural
resources is crucial in defining the conservation or degradation of the environment.

10.7 Concluding Remarks

To understand the availability, support, and services that water can offer in environ-
ments with irregular climate regimes and a negative water balance (evaporation
greater than precipitation), a holistic view, in which the territory, human beings, and
natural resources of the environment are interwoven, is crucial. In seeking to meet
the demand for various types of water usage, the strategies to be adopted must con-
sider the environment and its peculiarities. It is time to change the strategy of trans-
ferring techniques that are successful in regions with sub-humid or dry-temperate
climates to tropical dry regions. Decision-making must be in line with the reality of
each location. In this context, any action involving water resources in the Caatinga
region should consider the uncertainty of the rainy season, which is defined more by
its irregularity than by actual water scarcity; population growth; the need for
increased food production; and the model of natural resource exploitation used. The
population that inhabits this region requires water. Therefore, future challenges
must involve a better understanding of the natural system and the associative man-
agement of water as a natural asset, viewing man’s demand for water and fiber as an
integral part of the natural system. This vision, together with integrated action, can
widen the threshold of sustainability in dryland ecosystems.
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