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Abstract

Thornthwaite climate classification indices are essential to interpret climate types in the state of the pantanal biome
(Mato Grosso do Sul), simplifying calculation process and interpretation of climatological water balance by farmers.
However, there are few studies found in the literature that characterize the climate of pantanel biome in different cli-
matic scenarios. We seek to assess climate change using humidity index of Thornthwaite climate classification in panta-
nal biome. We used historical series of climate data from all 79 municipalities of Mato Grosso do Sul between 1987 and
2017, which were divided into microregions. Air temperature and precipitation were collected on a daily scale. Pre-
cipitation and potential evapotranspiration data allowed calculating water balance by the Thornthwaite and Mather
method. We characterized all locations as wet and dry using aridity indices proposed by Thornthwaite. The global cli-
mate model used was BCC-CSM 1.1 developed at the Beijing Climate Center (BCC) with a resolution of 125 x 125 km.
We used the scenarios RCP-2.6, RCP-4, RCP-6 and RCP-8.5 for analyzing 21st century projections (2041-2060 and
2061-2080 periods). Maps were generated from climate indices of Mato Grosso do Sul using kriging interpolation
method with spherical model, one neighbor, and 0.25° resolution. The microregions showed different patterns regarding
water balance components and humidity index. Humidity index had a mean of 15.94. The prevailing climate in the state
of Mato Grosso do Sul is C2 (moist subhumid). The state of Mato Grosso do Sul has two well-defined periods during
the year: a dry and a rainy period. Three climate types predominate in Mato Grosso do Sul and, according to the
Thornthwaite classification, are B1 (humid), C2 (moist subhumid), and C1 (dry subhumid). Water characterization in
Mato Grosso do Sul showed 234.78 mm year™"' of water surplus, 80.8 mm year™' of water deficit, and 1,114.8 mm
year™' of potential evapotranspiration. Water deficit and potential evapotranspiration decrease as latitude increases. The
climatic projections show, in all scenarios, reduce the area classified as umida in the state (B1, B2 and B3), besides add-
ing the dry subhumid class (C1). The Scenario RCP 8.5 in 2061 - 2080 is the most worrisome situation of all, because
the state can undergo major changes, especially in the pantanal biome region.

Keywords: IPCC, climatology, water deficit, humid zoning, Brazil.

Avaliagdo das Mudangas Climaticas Usando o Indice de Humidade da
Classificagcao Climatica Thornthwaite no Bioma Pantanal

Resumo

Os indices de classificagdo climatica Thornthwaite sdo essenciais para interpretar os tipos de clima no estado do bioma
pantanal (Mato Grosso do Sul), simplificando o processo de calculo e interpretagdo do equilibrio climatoldgico da agua
pelos agricultores. Contudo, existem poucos estudos encontrados na literatura que caracterizam o clima do bioma pan-
taneiro em diferentes cenarios climaticos. Procuramos avaliar as alterag¢des climaticas utilizando o indice de humidade
da classificacéio climatica de Thornthwaite no bioma pantaneiro. Utilizamos séries historicas de dados climaticos de
todos os 79 municipios de Mato Grosso do Sul entre 1987 e 2017, que foram divididos em microrregides. A temperatura
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do ar e a precipitagdo foram recolhidas numa escala diaria. Os dados de precipitagdo e evapotranspiragdo potencial per-
mitiram calcular o balango hidrico pelo método de Thornthwaite e Mather. Caracterizamos todos os locais como himi-
dos e secos utilizando indices de aridez propostos por Thornthwaite. O modelo climatico global utilizado foi BCC-CSM
1.1 desenvolvido no Centro Climatico de Pequim (BCC) com uma resolucéo de 125 x 125 km. Utilizamos os cenarios
RCP-2.6, RCP-4, RCP-6 e RCP-8.5 para analisar projecc¢des do século XXI (periodos 2041-2060 e 2061-2080). Foram
gerados mapas a partir de indices climaticos de Mato Grosso do Sul usando o método de interpolagdo kriging com
modelo esférico, um vizinho, e resolucdo de 0,25°. As microrregides mostraram diferentes padrdes no que diz respeito
aos componentes do balango hidrico e indice de humidade. O indice de humidade tinha uma média de 15,94. O clima
predominante no estado de Mato Grosso do Sul é C2 (sub-htimido humido). O estado de Mato Grosso do Sul tem dois
periodos bem definidos durante o ano: um periodo seco ¢ um periodo chuvoso. Trés tipos de clima predominam em
Mato Grosso do Sul e, de acordo com a classificagdo Thornthwaite (1948), sdo B1 (humido), C2 (sub-htimido htimido),
¢ C1 (sub-hiimido seco). A caracterizagio da dgua em Mato Grosso do Sul mostrou 234,78 mm ano™' de excesso de
4gua, 80,8 mm ano™ ' de défice hidrico, e 1.114,8 mm ano™' de evapotranspiragio potencial. O défice de 4gua e a eva-
potranspirag@o potencial diminuem a medida que a latitude aumenta. As projec¢des climaticas mostram, em todos os
cenarios, reduzir a area classificada como umida no estado (B1, B2 e B3), além de adicionar a classe seca sub-humida
(C1). O Cenario RCP 8.5 em 2061 - 2080 ¢ a situa¢éio mais preocupante de todas, porque o estado pode sofrer grandes

alteracdes, especialmente na regido do bioma pantanal.

Palavras-chave: IPCC, climatologia, déficit hidrico, zoneamento humido, Brasil.

1. Introduction

Climatic characterization is indispensable to define
and analyze regional climates, mainly for agricultural
development (Ceglar et al., 2016; Sissoko et al., 2011).
The climate can be considered as the average of atmo-
spheric conditions for 30 years (Passos ef al., 2016).
(Aparecido et al., 2016) highlight that climate can be
defined by climate classification systems, which are meth-
ods to determine the climate classes of a given region.
Agriculture is an economic activity greatly affected by
weather conditions (de Sa Junior ef al., 2012), as weather
elements vary both geographically and seasonally, and can
promote high damage to crops.

The water available in the soil is a determining fac-
tor in the development of plants, being essential to com-
plete the phenological cycle, impacting the final
productivity of crops (Abrecht and Carberry, 1993; Akas
et al., 2019). The climatological water balance (CWB)
makes it possible to quantify the water available in the soil
in a given period, helping to monitor the development of
plants and thus agricultural planning (Brunel-Saldias et
al., 2018; Mohammad et al., 2018, Cecilio et al., 2012)
reported that the CWB is sensitive to various climatic con-
ditions, especially air temperature and precipitation, and it
is important to carry out a seasonal and regional assess-
ment.

There are several methods of estimating CWB in the
international literature, but the methodology of (Thornth-
waite and Mather, 1955) is the most used, as it presents a
simplified and practical way to obtain soil water storage.
CWB output variables allow the climate classification of
several areas (Dantas et al., 2007). (Thornthwaite, 1948)
climate classification system is considered the most
important in studies of agriculture, ecology, and water
resources, precisely because it uses CWB in its methodo-
logy. In this classification, the plant is considered the phy-
sical medium by which it is possible to carry water from

soil to the atmosphere (Rolim et al., 2007). In addition,
Thornthwaite (1948) climate classification is based on
humidity indices (Feddema, 2005) and thermal efficiency
(Elguindi et al., 2014), and has CWB as a reference (Pas-
sos et al., 2016).

In recent years climate change has become a major
problem for humanity (Holm and Winiwarter, 2017). In
the last century, the global temperature has increased by
1 °C (+-0.2), forecasts for 2100 are for increases between
1.5 °C and 6 °C (Adefisan, 2018; IPCC, 2014). Changes in
the current climate can alter the entire water classification
of a region, impacting ecosystems and thus economic
activities (Thayer et al., 2020). Thus, studies on the impact
of climate projections on the water behavior of the regions
are fundamental to minimize the damage to various eco-
nomic activities, such as agriculture (Michalak, 2020).

We seek to assess climate change using humidity
index of Thornthwaite climate classification in pantanal
biome.

2. Materiais e Métodos

The study was carried out in the state of Mato Gros-
so do Sul (MS), main region with pantanal biome in Bra-
zil. The state has an area of 357,145.32 km?, with 79 mu-
nicipalities. Altitudes of MS range from 24 to 1000 m.
This state has stood out in the agricultural area since the
fourth year of its creation, surpassing the national average
in harvested area. Agribusiness is the predominant activity
in the state due to the richness of soils and favorable cli-
mate conditions (Casonato, 2013).

The climate data used were collected for all 79 mu-
nicipalities of Mato Grosso do Sul, between 1987 and
2017, maximum period of data available on the platform,
which were divided into microregions (Fig. 1). Air tem-
perature (7, °C) and precipitation (P, mm) were col-
lected on a daily scale from NASA/POWER platform.
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The collected data were used to estimate potential
evapotranspiration (ETP) using the Camargo (1971)
method (Eq. (1)), because it is designed for the region of

according to Eqgs (2) to (7):

NAC; = NAC;_, + (P - ETP),
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the state of Sdo Paulo, and demonstrates high efficiency If (P-ETP);<0= (NVAO), (2)
. . . ) SWS=AWC e
using only the air temperature as input (Aparecido et al.,
2020; Cunha et al., 2017; Pereira and Paes De Camargo,
1989). The criterion for choosing this model was the data NAC. = AWC 1 SWS,;
availability. If (P-ETP);>0= i~ h AWC (3)
SWS = (P - ETP),+SWS,_1
ETP=0.01 x <2Q—405> x Ty X ND (1)
' ALT; = SWS; — SWS;_4 4)
where Qo is the solar irradiance at the top of the atmo-
sphere (MJ m~2 day™"), Tair is the mean air temperature ETR. < P+ALT;|, if ALT <0 (5)
(°C), and ND is the number of days. " ETP;, if ALT >0
The water balance (WB) proposed by Thornthwaite
and Mather (1955) was calculated with an available water
. : . DEF =ETP - ETR 6
capacity in the soil (AWC) equal to 100 mm, which repre- (6)
sents a large part of agricultural crops, in addition to being
the most used value in studies for soil moisture (Mhlanga EXC = 0, ifAWC <0 (7)
and Thierfelder, 2021; Pagliai et al., 2004). Soil water sto- ! (P—-ETP),—ALT; if AWC=0
rage (SWS), water deficit (DEF), and water surplus (EXC)
of the soil-plant-atmosphere system were estimated
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Figure 1 - Location of the microregions of the state of Mato Grosso do Sul and the virtual stations studied.



102 Assessment of Climate Change Using Humidity index of Thornthwaite Climate Classification in Pantanal Biome

where ETP is the potential evapotranspiration (mm), AWC
is the available water capacity in the soil (mm), SWS is the
soil water storage (mm), NAC is the accumulated negative,
i.e., accumulated precipitation minus potential evapo-
transpiration, P is the precipitation (mm), DEF is the
water deficit in the soil-plant-atmosphere system (mm),
ETR is the real evapotranspiration (mm), £XC is the water
surplus of the soil-plant-atmosphere system (mm), ALT is
the soil water storage for the current month minus soil
water storage for the previous month (mm), and i is the
monthly period.

Box-plots with the mean, median, and outlier points
were prepared for the distribution and variation in weather
elements. These analyses are essential to understand the
climate within each microregion in the state of MS and
enable the comparison between regions.

The aridity indices proposed by Thornthwaite (1948)
were used to characterize the studied locations as wet and
dry. The calculations of aridity, water, and humidity indi-
ces were processed according to Eqs (9) to (11).

EXC

I, = ﬁ x 100 (9)
DEF

L= 22 %100 (10)
ETP

L=l -0.6x1, (11)

where /w is the water index, /a is the aridity index, /A is
the humidity index, EXC and DEF are the water surplus
and deficit (mm), respectively, both from the climatologi-
cal water balance, and ETP is the reference or potential
evapotranspiration (mm).

Thornthwaite and Mather climate classification key
based on the humidity index: 100.0 < /A is A - Perhumid,
80.0 < 7h < 100.0 is B4 - Humid; 60.0 < /A < 80.0 is B3 -
Humid; 40.0 < /h < 60.0 is B2 - Humid; 20.0 < /A < 40.0
is B1 - Humid; 00.0 < 74 < 20.0 is C2 - Moist subhumid;
—33.3 < Ih > 00.0 is C1 - Dry subhumid; —66.7 < Ih <
—33.3is D - Semiarid and —100 < /7 < —66.7 is E - Arid
(Ometto, 1981).

The climate indices calculated for MS allowed gene-
rating maps using the kriging interpolation method (Krige,
1951), with the spherical model, one neighbor, and a 0.25°
(25 km) resolution.

The data from the IPCC are the result of simulations
of global models of some research centers that contribute
to the preparation of the [PCC-ARS report, forced by the
observed concentrations of greenhouse gases during the
twentieth century and forced by an estimated concentra-
tion for the 21st century (Boer et al., 2000). The global
climate model used was the BCC - CSM 1.1 developed at
the Beijing Climate Center (BCC), has a resolution of

125 x 125 km, with 26 vertical levels, its components are:
atmosphere, earth surface, ocean, sea ice, terrestrial car-
bon cycle, biogeochemical cycles of the ocean (Flato et
al., 2014).

Representative Concentration Pathways (RCPs), ser-
ve as input for climate modeling and atmospheric che-
mistry in cmip5 numerical experiments, they receive their
names from the levels of the radioactive forces, in W.m™>
(Hartin et al., 2015). In this work, rcp2.6, RCP4., RCP6
scenarios will be used. and RCP8.5 for analysis of 21st
century projections. All steps to carry out the work are
represented in the flowchart (Fig. 2).

3. Resultados e Discussao

Air temperature in the state of Mato Grosso do Sul
presented a pattern in the monthly variation for micro-
regions (Fig. 3A). Monthly air temperature values of
microregions ranged from 17 to 29 °C, with a mean annual
air temperature of 24 °C. The high air temperatures in the
state occurred from January to April and November to
December, with a mean of 26 °C. However, air tempera-
ture decreased from May to July, with a mean of 20 °C.
The microregions of Baixo Pantanal (west) and Iguatemi
(south) stood out among the localities with the highest and
lowest air temperatures, respectively, with annual means
of 27 and 23 °C.

The accumulated mean annual precipitation of Mato
Grosso do Sul was 1,379 mm (Fig. 3B). Precipitation con-
centration and distribution in the state were uneven. The
lowest precipitation values were observed from June to
September. However, precipitations increased from Jan-
uary to May and October to December. Iguatemi micro-
region, located in the south of the state, showed the
highest annual precipitation, with a value of 1,472 mm.
These variations in air temperature and precipitation over
the year may affect the development and productivity of
crops in the state of Mato Grosso do Sul because, among
economic activities, agriculture is the most vulnerable to
climate variability (Geng et al., 2016; Hossain et al.,
2002).

Microregions showed different patterns in the water
balance components and humidity index, as shown in
Fig. 4. The annual potential evapotranspiration (ETP) of
Mato Grosso do Sul was 1,116.52 mm (+ 62.21 mm), as
shown in Fig. 4A. Baixo Pantanal and Aquidauana micro-
regions, both located in the west of the state, had the high-
est annual ETP values.

Nova Andradina and Trés Lagoas, located in the east
of MS, had values above 1000 mm, which is below the
mean of the annual ETP in the state. Alto Taquari, in the
north, presented the highest ETP variation. Microregions
located in the northwest presented the highest potential
evapotranspiration, as their increase is related to an
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Figure 2 - Flowchart describing the steps to carry out the work

increase in the radiation balance, advective effect, air tem-
perature, and decrease in relative humidity.

The water surplus (EXC) of MS showed a mean
annual value of 234.8 mm (+ 121.04 mm), as shown in
Fig. 4B. Iguatemi and Dourados had the highest variations
in water surplus. Microregions of Cassildndia and Alto
Taquari, both located in the north, and Parnaiba (east)
showed a normal distribution of water surplus results. The
pattern of inter-annual EXC distribution in the micro-
regions was similar.

Aquidauana, Baixo Pantanal, and Bodoquena pre-
sented water surplus below the mean annual value for
MS. Among microregions, Cassilandia had the highest
mean annual water surplus, with a value of
429.17 mm (+ 41.1 mm), this region concentrates two
rivers that raise air and soil humidity in the region,
providing warmer winters, in addition to more fre-
quent rains in the summer period (Zortéa et al.,
2021). Baixo Pantanal had the lowest water surplus,
with a value of 23.15 mm (+ 23.61 mm). The muni-
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Figure 4 - Box plot graphs of potential evapotranspiration (A), water deficit (B), water surplus (C), and humidity index for microregions of the state of
Mato Grosso do Sul.

cipalities Chapaddo do Sul, Sete Quedas, and Costa However, Baixo Pantanal had the highest water defi-
Rica presented the highest EXC values, all above cit and variation in results (Fig. 3A). Ladario and Co-
440 mm per year. rumba, two municipalities in the region, presented the
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highest DEF values in the state. In the Pantanal region,
drought is common for most of the year, due to high tem-
peratures and reduced rainfall, drying up the rivers in the
region. (Clarke, 2005; Lopes Ribeiro et al., 2021). Supple-
mentary irrigation can be a strategy for the stability and
productivity of crops in the driest microregions of the
state, as its use during drought periods minimizes pro-
ductivity losses (Montoya et al., 2017).

The humidity index (Ih) presented a mean of 15.94
(= 11.57), as shown in Fig. 4D. Baixo Pantanal showed
the lowest Th, with a value of —11.89 (+ 8.43), and Cassi-
landia microregion had the highest Th, with a value of
31.26 (= 4.65), showing a relationship with DEF and EXC
in the microregions. The results of Th from Cassilandia and
Paranaiba showed a normal distribution, i.e., it showed no
much variation. Iguatemi and Dourados, on the other
hand, showed the highest variation.

The mean annual water surplus in MS was 234.8 mm
(= 134.2 mm). A water surplus was observed from Ja-
nuary to July and September to December in the state. The
highest water surplus was observed in January, with a
value of 52.7 mm. The water deficit in MS was 84.06 mm
(= 87.28 mm). The highest water deficit in MS was
observed from May to November. August was the driest
month in the state, with 25 mm of water deficit.

Mean annual water surplus and deficit values of
272.6 mm (+ 96.6 mm) and 181.8 mm (+ 46.7 mm),
respectively, were observed in Alto Taquari microregion
(Fig. 5). The localities of Alcinopolis (Fig. 5A) and
Sonora (Fig. 6H) presented the highest values of water
surplus in the microregion. The locality of Pedro Gomes
(Fig. SE) had the highest mean annual water deficit in Alto
Taquari microregion

Aquidauana microregion presented a mean annual
water surplus of 80.64mm (+ 25.3 mm) and a mean annual
water deficit of 141.4 mm (+ 38.8 mm) (Fig. 6). Dois
Irmaos do Buriti (Fig. 6C) presented the highest water
surplus among the localities of the Aquidauana micro-
region. The municipality of Miranda (Fig. 6D) showed the
highest water deficit in the microregion.

The mean annual water surplus in Baixo Pantanal
microregion was 23.15 mm (+ 23.6 mm), while its mean
annual water deficit was 293.88 mm (x 144.2 mm), dis-
tributed from February to December (Fig. 6). This micro-
region undergoes more than nine months of water deficit.
Among the localities of this microregion, Porto Murtinho
(Fig. 6F) presented the highest water surplus, while Co-
rumba (Fig. 6E) and Ladario (Fig. 6G) had the same va-
riation in water surplus and deficit.

Bodoquena microregion presented a mean annual
water deficit of 72.56 mm (+ 20.87), distributed from July
to November, standing out September, which represents
37% of the water deficit (Fig. 7). The locality of Bodo-
quena (Fig. 7B) had the highest water deficit in the micro-
region, with a value of 120 mm year'. Bela Vista
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(Fig. 7A), Guia Lopes da Laguna (Fig. 7E), and Nioaque
(Fig. 7G) presented the lowest water deficit values and
stood out with the highest water surplus in the micro-
region.

Campo Grande microregion had a mean annual
water surplus of 304.2 mm (+ 28.3 mm) and a mean
annual water deficit of 102.5 mm (+ 30.4 mm), with the
highest concentration from July to October (Fig. 8). The
localities of Campo Grande (Fig. 9B) and Terenos
(Fig. 8G) showed similar values of water surplus and defi-
cit, as also observed for Corguinho (Fig. 8C) and Rochedo
(Fig. 8F). Jaraguari (Fig. 8D) had the highest water surplus
in Campo Grande microregion, while Rio Negro (Fig. 8E)
had the highest mean annual water deficit.

Dourados microregion had a relatively low water
deficit compared to other microregions, with a mean
annual value of 17.1 mm (+ 11.1 mm) concentrated from
August to October (Fig. 9). The mean annual water sur-
plus of the Dourados microregion was 287.48 mm
(= 105 mm). The locality of Amambai (Fig. 9A) presented
the highest water surplus among localities of this micro-
region, besides a low water deficit of 3.87 mm. The water
surplus index in the region was found in Vicentina
(Fig. 90), with a difference between both localities of
280 mm, showing a high variation in water surplus
between localities of this microregion. Nova Alvorada do
Sul (Fig. 9L) showed the highest and best-distributed
water deficit, with a value of 46.98 mm, differing con-
siderably in relation to other localities.

Iguatemi microregion has 16 municipalities and is
the largest in territorial extension, among other micro-
regions (Fig. 10). The locality of Sete Quedas (Fig. 100)
had the highest water surplus among localities. This
microregion stood out for having high values of water sur-
plus, showing an annual mean of 280.33 mm
(+ 122.4 mm). Deodapolis (Fig. 10C) had the highest
water deficit, while Iguatemi showed the lowest values
(Fig. 10F); this region had a mean water deficit of
9.32 mm (+ 7.45 mm).

Nova Andradina microregion showed a water def-
icit value of 25.47 mm year”' (+ 17 mm). The muni-
cipality of Bataguassu (Fig. 11B) had the highest water
deficit among the regional localities, representing 48%
of the sum of the values. This microregion has a mean
annual water surplus of 196.8 mm (+ 102.84 mm).
Among the regional localities, Anaurilandia (Fig. 11A)
stood out because its mean annual value exceeded
300 mm, being well distributed from January to June
and October to December.

Cassilandia microregion showed a mean annual
water surplus of 419.17 mm (+ 41.1 mm) and a mean
annual water deficit of 145.3 mm (+ 18.5 mm) (Fig. 11).
The locality of Cassilandia (Fig. 11F) had the highest
water deficit. Chapaddo do Sul (Fig. 11H) presented the
highest water surplus in this microregion. In addition, this
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Figure 7 - Variation in water deficit and water surplus for Bodoquena microregion. A) Bela Vista, B) Bodoquena, C) Bonito, D) Caracol, E) Guia Lopes
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Figure 10 - Variation in water deficit and surplus for Iguatemi microregion. A) Angélica, B) Coronel Sapucaia, C) Deodapolis, D) Eldorado, E) Gloria de
Dourados, F) Iguatemi, G) Itaquirai, H) Ivinhema, I) Japora, J) Jatei, K) Mundo Novo, L) Navirai, M) Novo Horizonte do Sul, N) Paranhos, O) Sete

Quedas, and P) Tacuru.
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Figure 12 - Variation in water deficit and surplus for Trés Lagoas microregion. A) Aguas Claras, B) Brasilandia, C) Ribas do Rio Pardo, D) Santa Rita do
Rio Pardo, E) Trés Lagoas and for Paranaiba microregion. F) Aparecida do Taboado, G) Inocéncia, H) Paranaiba and I) Selviria
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microregion has a high water deficit and surplus simulta-
neously.

The mean annual water deficit in Trés Lagoas micro-
region was 102.6 mm (+ 39.1 mm), with a water surplus
of 208 mm. The highest and lowest mean annual water
surplus values were observed in Ribas do Rio Pardo
(Fig. 12C) and Brasilandia (Fig. 12B), respectively. More-
over, the highest and lowest water deficit values were
found in Aguas Claras (Fig. 12A) and Santa Rita do Rio
Pardo (Fig. 12C), respectively.

Paranaiba microregion had a mean annual water sur-
plus of 408.89 mm (+ 68.6 mm), as shown in Fig. 12. The
municipality of Inocéncia (Fig. 12C) stood out for having
65 mm above the regional mean. Aparecida do Taboado
(Fig. 12F) and Selviria (Fig. 12I) presented the same water
surplus. However, Aparecida do Taboado presented the
highest water deficit in this microregion.

Mato Grosso do Sul had a high spatial variation in
water deficit and surplus (Fig. 13AB). The increase in
water surplus occurred from west to east of MS, with the
highest values of water surplus concentrated in the south
and north of the state. Baixo Pantanal microregion, located
in the west, had the lowest water surplus values, while the
regions of Cassilandia (north) and Iguatemi (south)
showed the highest values.

Precipitation directly influences the soil water ba-
lance. (Marcuzzo et al., 2012) analyzed the spatial and
seasonal variations of precipitation in the Cerrado biome
of Mato Grosso do Sul. As a result, they highlight the
north and southwest regions of the state, which con-
centrated the highest frequency of precipitation due to the
influence of the continental equatorial air mass (from the
north) and the Atlantic tropical air mass (from the east),
mainly in the entire southern region. In addition, there is
the orographic precipitation that occurs in the Serra da
Bodoquena region.

The increase in water deficit in the microregions of
MS occurred in the south-northwest direction (Fig. 13B),
as shown in the strong negative correlation between lati-
tude and water deficit. The highest water deficit values
were observed as latitude decreased. Iguatemi microregion
(south) showed the lowest water deficit, while Baixo do
Pantanal (west) had the highest water deficit values.

According to the humidity index (Ih), the state of
Mato Grosso do Sul presented four climate types, i.e., Bl
(humid), B2 (humid), B3 (humid) and C2 (subhumid)
(Fig. 13C), which was already expected due to the sensi-
tivity of the Thornthwaite classification criteria (Rolim et
al., 2007). The B1 index was more prevalent in the state,
covering 59.27% of all localities, while B3 had the lowest
presence, covering only 0.63% of the state. Baixo Pantanal
microregion, located in the west of MS, presented the
highest water deficit value, being classified as subhumid.
Microregions with the highest water surplus values, such
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Figure 13 - Spatial distribution of water surplus (A), water deficit (B)
and humidity index (C) in Mato Grosso do Sul, Brazil.

as Cassilandia and Iguatemi, were classified as B2
(humid).

The municipality of Chapaddo do Sul, located in
Cassilandia microregion, was classified as having the cli-
mate type B3. This municipality had mean annual water
surplus and deficit values of 606.52 and 134.54 mm,
respectively. These indices can be useful in mesoscale or
toposcale studies, in which the effects of topography
directly interfere with climatic elements and, conse-
quently, planning of regional agricultural, environmental,
and forestry activities (Aragjo et al., 2016; Rolim et al.,
2007).

The knowledge of the regional climate results in
sustainable and more profitable systems, in addition to
greater food security (Henry and Krutz, 2016). The intro-
duction of smart farming practices, such as the use of
weather stations, is interesting to deal with changes in
agroclimatic zones, which lead to changes in cultivation
patterns.
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In relation to the possible scenarios of climatic
worldliness, between the period 2041-2060, there was a
great variation in the distribution of the humid index in the
state of Mato Grosso do Sul (Fig. 14). The main changes
of the current scenario (Fig. 14 C), with climatic scenarios,
were the spressive reduction of the wettest climatic classes
(B3, B2 and B1), and the presence of another climatic
class, C1 - Dry subhumid, being the driest class among all
in the state.
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In RCP 2.6, there was a small increase in class B3, of
1% and in class C1 of 58% compared to the current sce-
nario (Fig. 14A). There was also a large reduction in clas-
ses B2 and B1, of 30 and 33%, respectively, thus reducing
the state wet (Table 1). In RCP 4.5, class C1 had great
representativeness, with 42% of all territory, being the
driest among all scenarios in the period 2041-2060
(Fig. 14B). The RCP 4.5 scenario demonstrates higher
concentration of greenhouse gases over the medium term

"C)RCP 6.0

'D)RCP 8.5

HUMIDITY INDEX (2041 - 2060)

[ ]C1-Drysubhumid [ B! - Humid [l B3 - Humid

[ ]C2 - Subhumid

B B2 - Humid

Figure 14 - Spatial distribution of humidity index in 2041 - 2060. Legend: A) RCP 2.6, B) RCP 4.5, C) RCP 6.0 and D) RCP 8.5
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(2041-2060), thus being warmer in relation to the others
(Chou et al., 2014). Evidencing a great concern, since this
great reduction in the humidity of the state can lead to a
decrease in agricultural productivity in the region (Jun-
queira ef al., 2017; Srivastava et al., 2018). RCPs 6.0 and
8.5 were very similar, with a large predominance of class
C2 - Subhumid, with 65% of the total area approximately
(Fig. 14 CD).

The climatic projections for 2061 - 2080 showed
great impacts on the water dynamics of the state, with
greater prominence in the northwest region of the state
(Fig. 15). All scenarios showed a reduction in the area
classified as wet (B1, B2 and B3), in relation to the current
climatological normal (1960 - 1990). The RCP scenario
8.5 stood out as the driest, being only 6.80% of the state
area classified as wet (Fig. 15 D, Table 1). On the other

C) RCP 6.0

D) RCP 8.5

HUMIDITY INDEX (2061 - 2080)

| ]C1-Drysubhumid [ BI - Humid

I B2 - Humid

[ ]C2 - Subhumid

B B3 - Humid

Figure 15 - Spatial distribution of humidity index in 2061 - 2080. Legend: A) RCP 2.6, B) RCP 4.5, C) RCP 6.0 and D) RCP 8.
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Table 1 - Percentage of the territory of Mato Grosso do Sul for the classes of humidity index, in the current scenario and in the RCP's for the periods of

2041 - 2060 and 2061 - 2080.

C1 Dry subhumid C2 Subhumid B1 Humid B2 Humid B3 Humid

1960-1990

Current (%) - 4.28 59.27 35.82 0.63
2041-2060

RCP 2.6 (%) 4.63 62.65 26.50 4.54 1.68

RCP 4.5 (%) 42.24 52.07 5.63 0.07 -

RCP 6.0 (%) 9.49 76.64 9.65 4.09 0.13

RCP 8.5 (%) 17.93 60.56 16.41 4.94 0.16
2061-2080

RCP 2.6 (%) 6.26 62.38 26.66 4.69 -

RCP 4.5 (%) 18.92 68.14 8.72 4.20 0.02

RCP 6.0 (%) 44.15 48.09 6.41 1.35 -

RCP 8.5 (%) 35.37 57.65 4.89 2.09 -

hand, the RCP scenario 4.5 showed a higher concentration
of wet classes in relation to the period 2041 - 2060, a state
that increased the concentration of greenhouse gases
between this period (Van Vuuren et al., 2011).

The impact of climatic mundangas on the humidity
index of the state was not homogeneous, some regions
underwent greater changes in the other alterations
(Fig. 15). The western and northwest regions of the state
showed a reduction in humidity in all scenarios, with
greater emphasis on RCP 6.0 and 8.5, in which practically
both regions were classified as subhumid dry (C1). These
changes can have a great impact for the west and north-
west regions, considering that it concentrates 65% of the
Pantanal biome, impairing its water dynamics, thus harm-
ing the fauna and flora of the biome (Marengo et al.,
2015).

4. Conclusion

The prevailing climate in the state of Mato Grosso
do Sul is classified as C2 (moist subhumid). Mato Grosso
do Sul has two well-defined periods over the year: a dry
and a rainy period. The three climate types that pre-
dominate in MS, according to the Thornthwaite (1948)
classification, are B1 (humid), B2 (humid), B3 (humid)
and C2 (moist subhumid).

The water characterization of Mato Grosso do Sul
showed 234.78 mm year™' of water surplus, 80.8 mm
year™! of water deficit, and 1,114.8 mm year™' of potential
evapotranspiration. Water deficit and potential evapo-
transpiration decrease as latitude increases.

The climatic projections show, in all scenarios,
reduce the area classified as umida in the state (B1, B2 and
B3), besides adding the dry subhumid class (Cl). The
Scenario RCP 8.5 in 2061-2080 is the most worrisome

situation of all, because the state can undergo major chan-
ges, especially in the Pantanal biome region.
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