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Abstract: The dynamics of Pantanal is totally influenced by the flood pulse, which is, in part, a
consequence of rainfall regime from the Amazon in the direction to the headlands and the lowlands
where the water is retained, and the flood plain is formed. The impacts of climate change have not
yet been measured for the Northern Pantanal (Pantanal of Cdceres), where it is the gateway to most
Pantanal waters. Here, we have used rainfall, hydrology, and satellite imagery data to ascertain the
possible rainfall patterns, water retention, and level of the Paraguay River over the past decades.
Although a well-defined water pulse is found in the Northern Pantanal, over a 42-year historical
series the number of days without precipitation has greatly increased, as well the loss of water mass
in the landscape over the last 10 years specifically in during the drought season. Overall, nowadays
the Northern Pantanal has 13% more days without rain than in the 60’s, and the water mass is 16%
less during the drought season considering the last 10 years. These results show that nowadays the
Pantanal is losing water and experiencing a more severe drought season than in the past. Regarding
the physicochemical and biological cycles of the ecosystem, these changes can result in the loss of
biodiversity, as well as the loss of ecosystem services, intrinsically linked to the flood pulse. Given that
these losses have been aggravated by anthropogenic pressures (e.g. deforestation, erosion, hydroelectric
power stations), the drafting of strategic plans for safeguarding wildlife and human populations, as
well as agriculture, cattle raising, fisheries and the preservation of the people’s lifestyle in the Pantanal
must be urgently implemented.

Keywords: tropical wetland; ecosystem regulation; flooding reduction; drought season extension.

Resumo: A dindmica do Pantanal ¢ totalmente influenciada pelo pulso de inundagao, o qual ¢, em
parte, uma consequéncia do regime de chuvas da Amazénia na diregao das cabeceiras e planicies onde
a dgua é retida e a planicie formada. Os impactos das mudangas climdticas, embora consensualmente
aceitos, ainda nio foram medidos no Pantanal do Norte (Pantanal de Céceres), que é a porta de entrada
para a maioria das 4guas do Pantanal. Aqui, usamos dados de precipitagdo, hidrologia e imagens de
satélite para verificar os possiveis padroes de precipitagio, retengio de dgua e nivel do rio Paraguai
nas tltimas décadas. Embora seja encontrado um pulso de inundagio bem definido no Pantanal do
Norte, ao longo de uma série histérica de 42 anos, o nimero de dias sem precipitagio aumentou
muito, assim como a perda de massa de dgua na paisagem nos dltimos 10 anos, especificamente
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durante a estagio seca. No geral, hoje em dia o Pantanal Norte tem 13% a mais de dias sem chuva do

que nos anos 60, e a massa de dgua é 16% menor durante a estacio da seca, considerando os tltimos
10 anos. Esses resultados mostram que o Pantanal estd perdendo 4gua e passando por uma seca mais
severa hoje em dia do que no passado. No que diz respeito aos ciclos fisico-quimicos e biolégicos
do ecossistema, essas mudangas podem resultar na perda de biodiversidade, bem como na perda de
servigos ecossistémicos, intrinsecamente ligados ao pulso de inundagdo. Dado que essas perdas foram
agravadas por pressoes antropogénicas (por exemplo, desmatamento, erosdo, usinas hidrelétricas), a

elaboragio de planos estratégicos para salvaguardar a vida selvagem e as populagoes humanas, assim
como a agricultura, a pecudria, a pesca e a preservagio do estilo de vida das pessoas do Pantanal devem

ser implementados com urgéncia.

Palavras-chave: dreas alagdveis tropicais; regulagio ecossistémica; redu¢io da inundagio; extensio

a estiagem.

The flood pulse of the Pantanal is highly fed by
not only the local precipitation, but by the rain in
the headwaters where the Paraguay river, the main
water channel of the Pantanal, slowly conducts
the water downstream (Junk & Wantzen, 2004;
Junk et al., 2014). The flat morphology of the
Pantanal and the gentle slope of the Paraguay river
are especially important for the seasonal lateral
inundation processes. The water mostly enters
the Pantanal from the North (Da Silva & Girard,
2005), where the rainfall is converted into runoff
(Bravo et al., 2012), and the river bank overflows
connecting water bodies (Gongalves et al., 2011)
feeding and forming lakes (Loverde-Oliveira et al.,
2007). Naturally, the water bodies of the Pantanal
are shallow, which is a natural response of the
sedimentary deposition character of the area, both
in the river and in the surrounding lakes (caused by
the low and flat topography and the associated slow
flow of the Paraguay river) (Assine & Soares, 2004;
Assine, 2005; Gongalves et al., 2011).

However, the inundation pattern of the Pantanal
has been changing. For years researchers have
shown that the Pantanal is sensitive to environment
transformation, where faster flow and increased
sediment loading may harm the inundation of the
Pantanal (Hamilton, 2002; Junk et al., 2012, 2014;
De Campos et al., 2020). Direct activities in the
catchment area of the Pantanal, as the construction
of dams (Da Silva & Girard, 2005; Da Silva et al.,
2015), and in the Paraguay River itself, as the
waterway implementation (Gottgens et al., 2001)
impact the Pantanal inundation patterns. Moreover,
we argue that the association of the direct activities
and the climate change exert a fundamental effect
on the river water level and the inundation time
implying in serious consequences to the flood pulse
of the Pantanal.

Predictions of the decrease in the precipitation
and increase of the temperature for the South
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American wetlands have been indicated since the
document published with climatic data for all
the world (WMO, 2006). Also, rainfall declining
trends for southern Amazon were detected by
Davidson and colleagues (Davidson et al., 2012).
Studies related to climate change, show the
temporal displacement of the rainy season and its
decrease in the south of the Amazon and Pantanal.
(Debortoli, et al., 2016).

Studies published by a Brazilian Climate
Networking showed that the whole country of
Brazil has faced extreme climatic events from the
last 10 years (Aradjo et al., 2019). For instance,
these extreme events in the Pantanal highly affect
the Paraguay river hydrodynamics, which has a very
intricated and synergetic relation to precipitation
regime — altering the flooding time, water retention
and processes regulation of the biodiversity and
ecosystem services (Bravo et al., 2012).

Hereby we present the analysis of hydrologic
data available from national and international
institutes for the northernmost area of the
Pantanal — 834,000 ha (Figure 1 — Pantanal of
Ciéceres according to Silva & Abdon (1998); here
called as Northern Pantanal). 1) Precipitation:
we used the Instituto Nacional de Meteorologia
— INMET/Station Cdceres-A941; 2) Paraguay
river level: we used the Marinha do Brasil Agéncia
Fluvial de Céceres/MT open data; 3) Water mass
area: for the difference in water mass we used a
total of 62 composite images, product MOD13Q)1,
from 2008 to 2018, acquired by the MODIS
sensor and stored in Earth Engine Plataform. These
images had the spatial resolution of 250 metres,
with temporal resolution of 16 days, and spectral
resolution of four reflectance bands (blue, red,
NIR, MIR). The images were aggregated into
a mosaic, cut out, redesigned (WGS84, UTM,
zone 21) and converted in a radiometric resolution
from 16 to 8 bits. Afterwards, we collected pure
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Figure 1. Location of the studied area and representation of the water mass area of the Northern Pantanal in the

Upper Paraguay River Basin (01/10/2008).

pixels (from the medium infrared (MIR) and
the blue band, for the vegetation, soil and water
endmembers, respectively), to apply the Linear
Spectral Mixing Model (MLME), followed by the
slicing of water fraction images histogram (“water”
and “non-water” classes). Once the classes were
delimited, they were manually edited for errors
in the classification. The analyses were carried out
using the MRT (MODIS Reprojection Tool),
ConvGeoTif, SPRING and ArcGIS softwares.
The spectral curves obtained for each MLME
endmember fit with the standard spectral curves
expected for the vegetation (Ponzoni, 2001), soil
(Netto, 2001) and water (Novo, 2001) endmembers,
in the blue, red, NIR and MIR reflectance bands.
The products were used to calculate the water mass
area, considering the months of March (full flood)
and August (drought) in each year.

We considered the historical series
from 1971 to 2013 for the precipitation (period of
data available — CéceresA941 Station), excluding
the years of lack of information (where not all the
months of the year were available); for water level
we used the data from 1971 to 2013 to compare
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with the precipitation. To analyze the seasons of
the Northern Pantanal, we compared the monthly
water level using a cluster dendrogram with the
Euclidian distance, and UPGMA (Unweighted
Pair Group Method using Arithmetic averages)
algorithm (Michener & Sokal, 1957), showing
the relation between the months. Afterwards,
we grouped them into four hydrological seasons
(drought, flooding, full flood and ebb). We used
linear regressions to investigate the hydrological
pulse and the precipitation throughout the years.

We noticed that the Northern Pantanal has
a well-defined water dynamic considering a
historical series of 42 years. According to our
analysis (cluster) this water level dynamic can
be divided in three months (Figure 2A) for each
hydrological season — drought, flooding, full flood
and ebb. The drought has significantly lower water
depth than the full flood (P < 0.05; Figure 2B)
characterizing the flood pulse.

The seasonal variation of the water body
corresponds to the water expansion from the
drought to the wet seasons. The area of the Pantanal
is approximately 140,000 km?* (Mioto etal., 2019),
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on which the maximum area subject to flooded
may reach 131,000 km? during the wet season
(Hamilton et al., 2002). In the Northern Pantanal,
inan area 0f 834,000 ha, the historical landscape data
(from 2008 to 2018) show that the mean expansion
of the water mass in the landscape (permanent water
bodies and temporary flooded areas), increases
from 12.1% (101,384 ha) of the area in the drought
season, to 48.9% (407,977 ha) in the full flood.
There are no differences between the water mass
percentage in the landscape for the month of March
(peak of full flood) from 2008 to 2018, which shows
a consistent temporal flood pattern (R* = 0.04;
P > 0.05). However, when analysing the data for
the month of August (peak of the drought season)
in the same years, there is a significant drop in the
water mass area (R? = 0.66; P > 0.05), which means
that the Northern Pantanal has been gradually
losing water in recent years. The water mass area in
August/2008 was 112,590 ha, while in 2018 this
area was reduced to 95,076 ha, representing a loss
of 16% of flooded area in ten years (Figure 3).
This substantial water mass decrease can be a
response of the decrease in precipitation. Although
the Pantanal maintains the same precipitation
volume (mm) throughout a historical series
of 42 years (R? = 0.03; P > 0.05), the number of
days without precipitation has increased (R? = 0.70;
P < 0.05; Figure 4). In 1981 only 146 days were
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Figure 3. Water mass area in 2008 (grey) and in 2018 (black).
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found without rain, increasing to 248 days in 2001,
and 287 days in 2011. This accretion represents
from 2 to 6% of days without precipitation per
decade. Previous research showed that in the
Paraguay river basin the less amount of rain
significantly reduces the river flow, making the
drought season more persistent (Collischonn et al.,
2001). The same authors also showed that the
Paraguay river basin had a severe drought period in
the past (60’s), preceded by the raising in water for
the further years. However, the rising waters after
the 70’s reduced in the further decades (Figure 4).
In fact, water has been reduced in the Brazilian
tropical forests nowadays. Recent studies have
found a decrease in both precipitation (Marengo &
Espinoza, 2016) and water surface area in Amazon
(Souza Junior et al., 2019), showing a conversion
from water to land in years of extreme droughts.

Considering that the hydrological cycle in the
Northern Pantanal is well related to the precipitation
(R*=0.20; p < 0.05; Figure 5A), these longer periods
without rain tends to decrease the river depth
(Figure 5B), which consequently affect the floodplain
as a total. A decrease in the Northern portion of the
Paraguay river depth by 10 to 25 cm reduce the
flooded area by 8 to 18%, respectively, being one of
the most sensitive area for the flooding reduction in
the Pantanal (Hamilton, 1999). Overall, scenarios of
water deficit in the Pantanal (based on IPCC data)
may raise in the 21* century, reducing the extension
of the flood pulse (Marengo et al., 2015).

The reduction in water mass and precipitation,
consequently affecting the river depth and its
overflow, harm the ecological process (e.g. fish
reproduction, marginal plant phenology and fish
seeds dispersal (Alho et al., 2019). Moreover,
the delay on precipitation and the condensed
water area during the drought season affects the
breeding of many species, such as fish, mammals,
birds that reproduce during the spring (Alho,
2008, Leuchtenberger et al., 2013). Analysis of
the precipitation data for the Southern Amazon,
reaching the Pantanal Wetland biome, more
than 200 Rain Gauges showed a delay for the
onset of the rainy season in 76% in a series
from 1971 to 2010 (Debortoli et al., 2016).
These trends were also verified in other studies on
Pantanal, evaluating the perceptions of traditional
people about the climate change perception.
The Pantanal’s population identify a historic change
in temperature and precipitation, as a decrease,
delay and shorter rainy season months in the last
decade (Da Silva et al., 2014).
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This water reduction due to a decrease in
precipitation may cause a cascade effect. For instance,
the lower the water mass, the smaller is the habitat
area for macroinvertebrates and fish (Zerlin &
Henry, 2014). The dispersal of seeds potentially
produced by fish (Ruxton & Schaefer, 2012)
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Figure 4. Total precipitation per year occurring in the
Northern Pantanal from 1971 to 2013 — black dots; and
the proportion of days without precipitation — yellow
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diminish the range to the flat area of the Pantanal,
affecting the vegetation recomposition. The nutrient
mineralization of the organic matter provided
by the vegetation, dependent of the difference in
the seasons (Vourlitis et al., 2017), changes the
soil/sediment composition. The “pantanciros”,
people that were born in Pantanal and have deep
connection and dependence of the flood pulse
dynamics for their strategies of life, will be most
affected by these changes (Da Silva and Silva, 1995,
Da Silva et al., 2014).

The Driver, Pressure, States, Impacts
and Responses (DPSIR) analysis made
for the Pantanal/Upper Paraguay Basin and
Guapore/Amazon Basin showed the most important
drivers in these systems were the energy and land
use policies, with the pressure represented by
hydropower and agriculture system in large scale.
The studies also showed the loss of the hydrological
horizontal connectivity as the main negative
impact, converting the transitional ecotone zone
to livestock and degraded systems areas among
Amazon-Cerrado-Pantanal (Da Silva et al.,2015).

A major threat in the Pantanal is the economic
pressure imposed by the agribusiness sector outside
the region. The Paraguay-Parand waterway project
for cheap commercial shipping of soybeans and
minerals to the Atlantic Ocean, and the river
dredging for the passage of commercial boats, can
lead to a decrease in water retention time in the area.
These circumstances, in addition to the decrease in
rainy days, eventually changes large-scale wetlands
hydrology, seriously affecting the living conditions
of biological populations.

Another point to be considered is the drought
landscape use for new agriculture implementation.
The deforestation in the upper Pantanal has highly
increased in the recent years (Silva et al., 2011).
Soybeans plantation has arrived in the Pantanal
lowland (Silva & Lima 2018), which is favored
by an increase in the area suitable for plantation
if the water mass keeps reducing. In the Araguaia
river, a possible cause of extreme drought events is
associated to less precipitation and anthropogenic
activities, reducing the river water and increasing
the exposure of sand banks (Fleischmann et al.,
2017). It is well known the relation of this activity
impacts to the water quality, hydric contamination
by the pesticides, introduction of invasive species,
erosions and siltation, and its effects in the Pantanal
potentially harms this sensible Biome.

Hereby we presented the data and a discussion
showing that the Pantanal has diminished the water
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mass during the drought season where the reduction
in precipitation had a great effect. Even more drastic
than the water mass reduction due to the scarcity
of rainy days is the water mass reduction during
the drought season. We argue that if the drop in
water mass continues, it may force the population,
the government and the scientists to drive efforts
in the direction to keep the Pantanal as a wet
land, taking into consideration these threats in the
implementation of regional plans. More than ever,
the importance of the Pantanal as a hydrological
buffer system for downstream areas, a regional
climate regulator, a valuable water retention and
purification area, and a biodiversity maintenance
center should be recognized. Although facing the
current implications in the Brazilian environmental
law, we claim that attention needs to be given to this
sensitive biome, and that the policies of the decision
makers take into consideration the importance of
the Pantanal to the world.
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