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Abstract

The local climate change was registered over time (1992-2018) on different land use ecosystems, in Brazilian Semiarid area.
The aimed of this work was to analyze aridity index in five ecosystems (Wild Caatinga, Caatinga on management, Cactaceae
field, Eucalyptus reforestation, and Fabaceae crop), and to compare this index with environment variables. Meteorological
towers and measures with porometer and psychrometers were carried out to collect the data. The main result was that the
studied areas are hotter and drier. The Fabaceae crop and Eucalyptus reforestation studied ecosystems already are on Arid
classification according with registered aridity index. Wild Caatinga and Cactaceae field ecosystems are on Semiarid
classification, and over time Caatinga on management ecosystem pass from Semiarid to Arid classification. The five
ecosystems together are classified on Arid climate. The VPD and W,; were the variables more directly proportional with

Avridity index to analyzed ecosystems.

Keywords: local climate change; water deficit; droughts; desertification.

1. Introduction

The land use changes over time results in a
local climate changes. The main response caused by
microclimate changes is to accelerate environmental
process and trends, like as desertification (Zarch et
al., 2015). The effects of microclimate changes could
be already register in some Brazilian biomes: the
tropical rain forest as Amazon Forest (e.g. increase of
fire frequency, Schwartz et al., 2015) and Atlantic
Forest (e.g. reduction of water security, Salazar et al.,
2015); or savanna/tropical seasonal forest as Cerrado
(e.g. extinction of endemic species, Thomas et al.,
2004), and Caatinga (Vico et al., 2015). The Caatinga
native plant extraction to productive chain (e.g.
firewood) resulted in a deficit on local water balance
(difference between precipitation and
evapotranspiration) (Marengo and Bernasconi, 2015).
On large scale, time or space, this changes could be
irreversible to climate how described by literature
(Arora, 2002; Zarch et al., 2015).

The Climate Classification shows global or
small scale (e.g. 1:500 000) and does not represent
large scales (e.g. 1:10) where land use changes
occurs. For example, the Koéppen-Gleiger climate
classification was performed on 1:275 000 000 scale
(Rubel and Kottek, 2010). It is very important to

elaborate maps according to the data registered in
wild and anthropic ecosystems to know the
relationship between small land use changes with
environment variables. Therefore, the generalization
of climate classification generates an error on
management strategies, extractive projects and in
sustainability plans (Santana et al., 2010). The
Caatinga is classified actually on BSh (B = arid, S =
steppe, h = hot arid; Koppen-Gleiger classification),
but the trend is that on 2095, modeled by this
classification, this area would be on BWh (B = arid,
W = desert, h = hot arid) (Rubel and Kottek, 2010;
Marengo and Bernasconi, 2015).

Droughts or Aridity trends? (Marengo and
Bernasconi, 2015). It is not easy technically the
definition limit of both classification, but a
fundamental distinction exists between aridity and
droughts, which aridity is a long-term climatic
phenomenon, and droughts is a temporary
phenomenon (water deficit) (Maliva and Missimer,
2012). What does sustain aridity trends in a local?
The literature affirm that on short period the land use
and deforestation are the main factor to the aridity
(Arora, 2002; Rubel and Kottek, 2010; Marengo and
Bernasconi, 2015; Salazar et al., 2015; Schwartz et
al., 2015; Zarch et al., 2015; Santana; Encinas, 2016;
Santana, 2016, 2017; Lima et al., 2019). The others

O.A. Santana et al. / Journal of Hyperspectral Remote Sensing 9 (2019) 138-145 138



factors are described but on large period as high
pressure, continental winds, rain shadow effect, and
cold ocean currents according to Maliva and
Missimer (2012). Another concept is necessary here:
the desertification. Desertification is define as land
degradation (the reduction or loss of the biological
productivity of land) in arid, semiarid, and dry sub-
humid areas resulted from various factors including
climatic variations and human activities. This process
is the turn point on Drought-Aridity classification
(Mainguet, 1994).

The index used to represents this changes is
the Aridity index over time. This index is a numerical
dryness degree at a given location. It would be based
exclusively on precipitation per year (e.g. from 0 to
250mm = Arid; from 250 to 500m = Semiarid).
Intergovernmental Panel on Climate Change (IPCC)
uses this criterion. The most widely index used would
be calculated by ratio between annual precipitation
and annual evapotranspiration (UNESCO, 1979), or
by water and energy balance: i) Martonne index
requires annual mean temperature variable in its
equation; ii) Thornthwaite index requires water
deficiency and water need by months variables in its
equation (Maliva and Missimer, 2012). The aimed of
this work was to analyze aridity index over time in
five ecosystems on Semiarid and to compare this
index with environment variables.

2. Materials and methods

The study was carried out on Semiarid areas
in five ecosystems (Figure 1): a) Wild Caatinga
(9°00°02”S and 39°08°30”W), with 1,819 tree and
shrub individuals per hectare, all individuals with
circumference to base height (20 cm) greater than 9
cm and total height greater than 100 cm (Rodal et al.,
1992); b) Caatinga on management (5°30°05”S and
39°03°50”W), with 1,164 tree and shrub individuals
per hectare, goat presences and with 10 % of tree
harvested to each fifteen years; c) Cactaceae field
(6°43°51”S and 37°04°35”W), with Opuntia ficus
indica (L) Miller presences, one individual per meter
square (cropped area on 1990); d) Fabaceae crop
(9°30°44”S and 40°42°00”W), with Phaseolus
lunatus L., with 0.8 m of row spacing and eight seeds
per meter (one crop per year, cropped area started on
1990); and e) Eucalyptus reforestation (12°10°53”’S
and 43°21°24”W), Eucalyptus urophylla S. T. Blake
(Myrtaceae), with three per two meter spacing and
twenty and four years old (on 2018). All areas occur

on Yellow Oxisol 1 (LAx-1), with depth greater than
6 m (INSA, 2019).

We determine one hectare as a sample area
on each environment, subdivided in twenty plots
(0.05 ha each). Towers were constructed above
canopy in central area of each studied environment,
to support the data set equipment. The temperature
and rainfall were daily measured to each 16s by
weather station (Orion 420 PLC, Columbia,
Hillsboro, US) with sensors linked in all subplots.
The real evapotranspiration (ET) (mm) was estimated
by CO,/H,0 Analyzer (LI-6262, LiCOr Inc., Lincoln,
NB, US). The gas was collected by rubber hose
(BEV-Aline 4 mm of diameter) with two aerosol
filters (ACRO 50 PTFE 1 um pore-size, Gelman,
Ann Arbor, MI, USA) at a flow rate of 15 L min™*
(pump unit: Capex V2X, Charles Austin, Survey,
UK), in each subplot (see Santana et al., 2010). The
data were stocked in data logger (CR-21X, Campbell
Scientific, Logan, US). Vapour Pressure Deficit
(VPD) was calculated according to Santana, Cuniat
and Imafa-Encinas (2010). The evaporation and plant
transpiration were monthly estimated by pan
evaporation method and with porometer (LI-1600
Steady State Porometer LiCOr Inc., Lincoln, NB,
US), respectively. The water potential of soil (W)
was registered in each sub plot (central position) by
soil psychrometers (PST-55, Wescor, Logan, US) at
10, 20, 30, 60 and 100cm depth. This data were
measured every 30 min and recorded with a
datalogger (CR-7, Campbell Scientific, Logan, UT).

The UNESCO aridity index (Al = ratio
between annual  precipitation and  annual
evapotranspiration) was used in our work, that is
classified in four aridity class: a) Hyperarid Al <
0.03; b) Arid 0.03 < Al < 0.20; ¢) Semi-arid 0.20 <
Al < 0.50; and d) Dry subhumid 0.50 < Al < 0.65.
One-way ANOVA with Bonferroni method was
carried out to calculate p-value between the
ecosystems (ecosystems effect: Hy = The data of
environment variables are significantly equals
between the ecosystems). The paired t-test was
calculated between the data of first and last studied
year. Regression analysis was performed between
aridity index (y) and environment variables (x).
Linear function was chosen to data adjust because the
objective was to observe linear trends on studied
period. All analysis were preceded by Shapiro-Wilk
normality test, and performed at 95% confidence
(zar, 2010).
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Figure 1 - Study area and sites of the environments.

3. Results and discussion

The studied ecosystems was hotter and drier
over time on analyzed period and on experimental
model (Figure 2). All data in each sample group had
normal distribution (p < 0.001). The temperature and
rainfall data was not significantly different between
the ecosystems (p > 0.050), otherwise the ET, VPD
and Wy, was different (p < 0.001: ecosystems effect).
In all ecosystems the temperature increased (p <
0.015) and rainfall reduced (p < 0.001), from 2000 to
2018. Moreover, on the same time, this caused an
increase in evapotranspiration (ET, p < 0.001),
reduction on vapour deficit pressure (VPD) and water
potential of soil (Wsui) (p < 0.001). Temperature and
rainfall values were determined more by geography
position than other factor, ET, VPD and YW
responded the land use. The sequences descendent
values were for ET: Eucalyptus reforestation,
Fabaceae crop, Caatinga on management, Wild
Caatinga, and Cactaceae field; for VPD: Wild
Caatinga, Caatinga on management, Eucalyptus

reforestation, Fabaceae crop, and Cactaceae field;
and for W Wild Caatinga, Caatinga on
management, Cactaceae field, Eucalyptus
reforestation, and Fabaceae crop.

The aridity index had its results on Semiarid
and arid references (Figure 3; Arid 0.03 < Al < 0.20;
Semi-arid 0.20 < Al < 0.50). The Wild Caatinga
remained on Semiarid classification over time (Al nean
= 0.233). The Caatinga on management changes
classification from Semiarid to Arid over time (on
2005), but in mean on studied period its Al value was
on Semiarid classification (Alyen = 0.207). In 2005
(Figure 2), the rainfall is below 400 mm per year and
evapotranspiration is above 2,500 mm per year. The
Cactaceae field had higher Al value on mean (Al mean
= 0.256) and Fabaceae crop and Eucalyptus
reforestation ecosystems with lowers, Alypean = 0.152
and Alnean = 0.157, respectively. The aridity index
had significant relation (R*> > 0.70 and p < 0.001)
with all environment variable, directly proportional
with temperature, rainfall, VPD and W, and
inversely proportional with ET (Figure 3).
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Figure 2 - Environment variables: Temperature, Rainfall, Evapotranspiration (ET), Vapour Pressure Deficit (VPD)
and the water potential of soil (W) Over time and its statistical variation on each ecosystems in a Brazilian
Semiarid region.
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and the water potential of soil (W) Over time and its statistical variation on each ecosystems in a Brazilian
Semiarid region.
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The data of this work occurred on data range
of literature for similar method and climate
classification areas (Table 1). Over time others
meteorological stations registered hotter and drier
microclimates on Semiarid areas (Marengo and
Bernasconi, 2015; EMBRAPA SEMIARIDO, 2019;
INSA, 2019). Why are this occurring? This could be
a result of deforestation process, which influences the
water cycle. In areas with native vegetation, the water
cycle is a climax (Mainguet, 1994; Zarch et al,,
2015). The vegetation get water of groundwater by
hydraulic lift, and the plants release it to atmosphere
by photosynthesis process. Minus tree and shrubs and
minus depth roots (> 1.5 m) result in reduction of
hydraulic lift, sap flow and free water to system
(from groundwater to atmosphere) (Scholz et al.,
2010). Moreover, this reduction of leaf area (tree
deforestation) cause a reduction of radiation
absorption (by photosynthesis process) resulting in
increase of the temperature values (Yang et al.,
2013). In ET data, other factor is a contribution of

evaporation and plant transpiration to system.
Eucalyptus reforestation have high plant transpiration
than soil evaporation, otherwise, Fabaceae crop have
high soil evaporation (soil discovered) than plant
transpiration.  Caatinga on  management in
intermediary position with higher ET than Wild
Caatinga due the soil discovered (minus trees and
shrubs) and compacted soil (goat presences), and
more easy to water evaporation post the rain. Wild
Caatinga and Cactaceae field had lower values of ET
because lower evaporation and because its plant
species are more adapted to water loss control
(stomatal regulation and water accumulation). Vico et
al. (2015) observed that shifts in species composition
may have significant implications for the long-term
water balance of seasonally dry ecosystems, with
higher abundance of drought-deciduous species
resulting in larger fluctuations of soil moisture and an
increase in deep percolation and hence groundwater
recharge.

Table 1 - Comparison of data range of this work with literature.

Variables This work Literature References

Avridity Index 0.18 -0.27 0.1-05 Marengo and Bernasconi (2015)
#";;g;’;’:ﬂ 0) 24 -31 2232 Moura et al. (2007)

Annual Rainfall (mm) 180 — 650 200 - 800 Moura et al. (2007); Nobrega et al. (2015)
Annual ET (mm) 1450 - 3050 1000 — 3000 Du et al. (2011); Yang et al. (2013)
VPD (kPa) 0.7-2.6 0.2-3.2 Du et al. (2011)

Weoit (MPa) -21--07 -35-0 Dahlin, Fisher and Lawrence (2015)

The main factor on VPD maintain constant
values is regulated by plant transpiration, because
evaporation tax is more significant post rainfall
(Gondim et al., 2015). The data this work indicated
that on cloudy periods the Caatinga species more
transpired than on rainy periods. Thus, Wild
Caatinga, Caatinga on management are Eucalyptus
reforestation were the ecosystems with higher VPD
values registered. Fabaceae crop and Cactaceae field
had lower VPD values because one high evaporation
values (one crop per year = soil discovered) and other
by lower plant transpiration (stomatal regulation and
water accumulation), respectively. The annual mean
of Wy reflects the VPD, soil cover and depth roots
presence (all are the similar groundwater depth)

(Scholz et al.,, 2010). Thus, Wild Caatinga and
Caatinga on management were the ecosystems with
higher Wy, values, and Cactaceae field and Fabaceae
crop (depth of roots < 0.3 m) with lower Wy values.
Eucalyptus reforestation has lower Wy Vvalues
because of its high transpiration tax. The VPD and
Wsoil were the variables more directly proportional
with Aridity index to analyzed ecosystems, and
confirmed by literature on areas with water stress
(Santana and Encinas, 2016).

Climatic changes are likely to increase dry
season duration and decrease soil moisture in tropical
SDEs (Hulme and Viner, 1998; Wetherald and
Manabe, 2002; Jung et al., 2010; Santana, 2016). The
ecosystems were being drier over time mainly
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because of deficit on water balance (EMBRAPA
SEMIARIDO, 2019). The studied ecosystems more
efficient in relation of water balance (difference
between precipitation and evapotranspiration) on
descendent sequence of values were: Cactaceae field
(-1100 mm), Wild Caatinga (-1380 mm), Caatinga on
management (-1590 mm), Fabaceae crop (-2160
mm), and Eucalyptus reforestation (-2360 mm). This
showed two important results: i) the ecosystem more
adaptaded to these environments were these with
individuals of arid species (O. ficus indica), and this
indicates the aridity trends on droughts periods; and
ii) the importance to maintain the areas with legal
protection environmental, to the desertification
process does not accelerate. On mean of all
ecosystems about Al, the region is below of Semiarid
classification (Alnen = 0.198). Thus, the maps of
climate classification would be revisited to attend (or
to update) spot data on Brazilian Semiarid region.

4. Conclusions

1) The studied areas are hotter and drier over time.

2) The null hypothesis was refuted, between the
ecosystems differences significant were found on
variables ET, VPD and WY, Variables directly
influenced by land use.

3) The Fabaceae crop and Eucalyptus reforestation
studied ecosystems already are on Arid classification
according with studied aridity index. Wild Caatinga
and Cactaceae field ecosystems are on Semiarid
classification, but Caatinga on management
ecosystem pass from Semiarid to Arid classification.
In general, on mean of five ecosystems area classified
on Arid climate.

4) The VPD and Wsoil were the variables more
directly proportional with Aridity index to analyzed
ecosystems. These variables were determinants to
water balance.

5) The Cactaceae field was the ecosystem more
efficient to water use and stocked. This data show the
better adaptability this plants species to environment
than others ecosystems.

6) The perspective is to motivate the study of local
climate changes (large scales) where occurs fast and
perceptible changes on short period. Moreover, we
would response the question: what the effect of large
scales on small and global scales?
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