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ABSTRACT - The Standardized Precipitation Evaporation Index (SPEI) in a 12 months’ timescale was used to define wet, normal
and dry cycles in four representative sites of climatic sub regions of the Central Plains of Argentina. The studied period was 1980-
2016. Hydrological dynamic was defined by analysis of shallow lakes areal variations and hydrological deficits and exceeds
calculation. Data ranges and frequency of data were statistically analyzed. Along the studied period, the frequency of normal and
humid years was higher than the dry ones. Nineteen eighty-five, 2008 and 2009 were some dry years, defined by SPEI. Effectively,
regarding hydrological dynamic, there was noted a decrease (from 0.9 % to 96 %) of the shallow lakes areas during the
aforementioned periods, in relation with their area during the humid ones. Hydrological deficit were noted during the 1995 and 2008
dry years in the site of the north and the rest of the sites, respectively. Also, exceeds amounts showed a response to the climatological
cycles, during extremely wet years (i.e.: 1998 (NW of the studied area), 2001 (center), 2002 (NE) and 2009, in the northern site).
Palavras-chave: Normal, wet and dry years; Hydrological responses; SPEI.

RESUMO - Utilizou-se o indice Padronizado de Precipitacdo e Evapotranspiracdo (em inglés, SPEI) numa escala de tempo de 12
meses para a definicdo dos ciclos Umidos, normais e secos em 4 zonas representativas das sub-regiGes climaticas das Planicies
Centrais da Argentina. O periodo de estudo foi 1980-2016. A dindmica hidroldgica foi definida através da anélise de variagBes na
extensdo de lagoas e o calculo dos déficits e excessos hidricos. Os intervalos e frequéncias de dados foram analisados
estatisticamente. Durante todo o periodo de estudo, a frequéncia do ano normal e imido foi maior do que os anos de seca. Os anos de
1985, 2008 e 2009 foram definidos como secos. De fato, em relagdo a dindmica hidroldgica, percebeu-se uma diminuicédo (de 0,9%
para 96%) das areas das lagoas durante o referido periodo, em relagdo a suas areas durante os periodos Umidos. Os periodos de déficit
hidrolégico foram observados durante os anos de 1995 e 2008 na zona ao norte e em outras zonas, respectivamente. Além disso, os
valores de quantias excessivas mostraram uma resposta a ciclos climaticos, durante anos extremamente Gmidos (ou seja: 1998 (NO
da area de estudo), 2001 (centro), 2002 (NE) e 2009, ao norte).

Palavras-chave: Anos normais, imidos e secos; Respostas hidroldgicas, SPEI.

INTRODUCTION

Climate variability, an important global
environmental challenge, not only has a serious
impact on the natural ecosystems, fresh water
supply (Jeelani et al., 2008; Kingsford, 2011)
but also have far reaching implications for
societies in the 21st century (McElroy & Baker,
2014). Numerous researches focused in the
relation between climate variability, hydrological
variables (physical and biological changes) and
land use (De Sherbinin, 2014; Mushtaq & Nee
Lala, 2016; Bohn, et al., 2016). Droughts and
floods are the world’s most damaging and
pressing natural disasters causing tens of

billions of dollars in global damages (Wilhite,
2000), and collectively affecting more people
than any other form of devastating climate-
related hazards.

Droughts and floods as well as dry and wet
periods are complex natural hazards that are hard
to identify, monitor and analyze. One of the
causes could be associated with objectively
quantifying their characteristics in terms of
intensity, magnitude, duration and spatial extent.
Consequently, determining drought mechanisms
is problematic and it is very difficult to establish
their extent and cessation. Moreover, drought is a
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multiscale phenomenon, which adds much
complexity to any analysis. Many previous
studies (Carbone & Piccolo, 2002; Wu et al.,
2011, Bohn et al., 2016) have evaluated the
dryness or wetness variations over world using
different drought indices. Natenzon & Rios
(2011) indicated that floods and droughts are the
most relevant features of social vulnerability in
Argentina.

Vicente-Serrano et al. (2010) clearly illustrated
these characteristics of droughts through
consideration of usable water resources, including
soil moisture, groundwater, snowpack, river
discharges and reservoir storages. During floods
and humid years, the time period from the arrival
of water inputs to the availability of given usable
water resource varies considerably (Vicente-
Serrano, 2007). Thus, the time scale over which
water deficits accumulate becomes extremely
important, and functionally separates hydrolo-
gical, environmental, agricultural and other types
of droughts.

The SPEI (Standardized Precipitation
Evaporation Index) adapts the varied response
times of hydrological variables to the climate
variability (Vicente Serrano et al., 2010) and it
facilitates identification of the complexity of
the ecosystems response to various drought
time scales (Vicente Serrano et al., 2012). A
recent comparison (Vicente-Serrano et al.,
2012) of the capacity of different climatological
indices (SPI (Stardardized Precipitation Index)
and SPEI) applied to identify hydrological,
ecological and agricultural droughts at the

global scale showed that, independently of the
analyzed system, the drought indices calculated
at different time scales (the SPEI and the SPI)
show greater correlation with the temporal
variability of streamflow, soil moisture, tree-
ring growth and crop production.

Regarding to the climatological index, the
SPEI was applied for a temperate area of
Argentina in conjunction with the oceanic Nifio
index (ONI) and in situ annual precipitation
data to determine wet, dry and normal years
(Bohn et al., 2016). Subsequently, those data
related to dynamics of surface area (shallow
lakes areal variation) and the variability of the
land use intensity.

Frequency in the maximum of shallow lake
areas was relatively more dependent on any
changes in the rainfall regime (ENSO events)
than in the land use (decrease/increase of the
cultivated area). The El Nifio (2002/3) and La
Nifia (2007/8) events clearly affected the
precipitations of the total studied lake regions,
with maximum areas in 2002 and minimum in
2008. The monitoring of the hydrological
extremes has been improved by means the use
of these indices and satellite data.

In this context, the focus is on the definition
of wet and dry cycles and their effects on
hydrological variables in representative sites of
4 climatological subregions of the Central
Plains of Argentina. The goal was to provide
some basic relation between climatological and
hydrological variables for drought/floods
disaster risk assessment.

STUDY AREA

Central Plains of Argentina include the
Pampas and Espinal subregions (Diovisalvi et al.,
2015), which cover a total extension of about
673,000 km? (Viglizzo et al., 2011), and represent
one of the largest wetland areas of South America
(Quirés et al., 2002). This region is a
heterogeneous environment, that includes the
large Pampean plains, crossed by rivers and
scattered with shallow lakes; extensive inland and
marine dune systems; and mountain ranges, such
as Tandilia and Ventania systems of the Buenos
Aires Province (Figure 1) (Diovisalvi et al.,
2015). Plains are exposed to permanent and
cyclical floodings, and therefore numerous
wetlands are frequent such as in the northeast of
the region (Arturi, 2005; Viglizzo et al., 2011).

Regarding soils, the region is developed in the

Mollisol order USDA soil taxonomy (Pereyra,
2012). Mollisols formed in semi-arid to semi-
humid areas, typically under a grassland cover.
The aptitude of soils for farm activities declines
to the southwest, in concordance with the
pluviometric regime.

The climate of the studied area is characterized
as temperate with different subregions that
oscillated between very humid to dry (Aliaga et
al., 2016). The mean annual rainfall ranges from
1200 mm.yr™* to 400 mm.yr” in the southwest of
the region. The mean annual temperature ranges
from 22 °C to 14 °C, from northeast to southwest
of the Central Plains of Argentina (Arturi, 2005;
Viglizzo et al., 2011). During the last 40 years,
the anthropogenic action and the cultivated area
significantly increase in the studied region.
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Figure 1 - Study area is located in the Central Plains of Argentina.

The study sites were chosen according to a
recent climatological classification for the study
area (Aliaga et al., 2016), which is based on the
amount of rainfall. In this study, four sites are
analyzed: Laboulaye, Olavarria, El Trébol and
Chascomus (Figure 1, Table 2). Laboulaye
belong to the “humid subregion”, Olavarria is
located in a transitional zone between the
humid and moderately humid subregions
whereas El Trébol and Chascomds are located

in the “moderately humid subregion” (Aliaga et
al., 2016). Regarding to soils of every studied
site, the mollisol order is dominant (Panigatti,
2010). In the N of the study area (EI Trébol
site), soils show slow runoff, moderate
permeability, topographic slope < 0.3 % and
therefore these soils present well drainage. The
water table for this region is at depths ranging
from 6 to 10 m. Crops are the most expanded
land use. In Laboulaye site (NW of the region),
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soils are associated to a topographic slope < 1
%, a slow and moderate runoff, a moderate
permeability and the water table is deep. In
Olavarria site, in the center of the area, soils are
associated with the ranges of the Tandilia
System (Figure 1). The topographic slope
ranges between 1 — 3 %, the runoff and the

permeability are moderate/fast. Finally, in the
flat areas of the E of the studied region
(Chascomds site), soils show a slow runoff and
permeability and a poor drainage. The
topographic slope is between 0 — 0.4 % and the
water table is at depths of around 1.2 m. The
main limitation is the drainage.

MATERIAL AND METHODS

This research offers a study for 4
representative sites of the central plains in
Argentina that combines the analysis of the
climate variability and the fluctuation of some
hydrological variables. As a novel method for
this geographic area, the cycles have been
defined by a climatological index in a 12-
months timescale (which is related to surface
waters). Although there are investigations that
define cycles in the studied region, they were
based on rainfall amounts and soils humidity
balances (Sierra et al., 1994; Serio et al., 2007;
Scarpati & Capriolo, 2013; Aliaga et al., 2016).
The cycles defined in this research could be
denominated as “hydrological cycles” due to
the consequences of the climatological
variability were manifested at surface waters
and hydrological balances. This term also
appears in recent studies in the Marcos Juarez
region, in the NW of the central plains of
Argentina (Andreucci et al., 2016).

In order to identify normal, wet and dry cycles
the Standardized Precipitation Evapotranspiration
Index (SPEI) was applied (Vicente-Serrano et al.,
2010). The SPEI uses the monthly (or weekly)
difference between precipitation and potential
evapotranspiration and can monitor both dry and
wet conditions. Negative and positive values
indicate dry and wet periods, respectively (Tan et
al., 2015) (Table 1).

It represents a simple climatic water balance
that it is calculated at different scales of time to
obtain the SPEI. The average value of SPEI is
0, and the standard deviation is 1. The SPEI is a
standardized variable, and it can therefore be
compared with other SPEI values over time and
space (Vicente-Serrano et al., 2010). The SPEI
data series were obtained, free of charge, with a
0.5 degrees spatial resolution and a monthly
time resolution (CSIC, Consejo Superior de
Investigaciones Cientificas).

It has a multi-scale character, providing
SPEI time-scales between 1 and 48 months. It is

able to identify climate change processes related
to changes in precipitation and/or temperature,
and can be used to assess the possible influences
of warming. The parameters of the SPEI are a
time-series of total monthly precipitation (P) and
monthly potential evapotranspiration (PET). The
details of the SPEI computation, more
thoroughly, are described in Vicente-Serrano et
al. (2010). The SPEI can be calculated at any
timescale, but typically the 1, 3, 6, 12 and 24
months are used. Drought at these time scales is
relevant for agriculture (1, 3, and 6month),
hydrology (12 month) and socioeconomic impact
(24 month). In addition, the 1 month SPEI reflects
a short-term condition; the 3 month SPEI
provides a seasonal estimation of precipitation;
the 12 month SPEI also reflects medium-term
trends in precipitation patterns and may provide
an annual estimation of water condition. Data
ranges, Vvariation frequency of data were
statistically analyzed by distribution fitting (5 %
significance  level, maximum likelihood
estimation method).

Table 1 - SPEI classes (Vicente-Serrano et al., 2010).

SPEI Categories
>=2 Extremely wet
1.5t0 1.99 Very wet
1t01.49 Moderately wet
-0.99 to 0.99 Normal
-1t0-1.49 Moderately dry
-1.5t0-1.99 Very dry
<=-2 Extremely dry

The analyzed hydrological variables were:
shallow lakes areal variation and hydrological
deficit and exceeds corresponding to the 4
representative sites of climatological subregions
(Figure 1, Table 2). The shallow lakes areal
variation was analyzed from satellite image
processing.

Landsat Surface Reflectance satellite products
were provided, free of charge, by United States
Geological Survey (USGS). They were processed
during selected periods, representative of
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extremes cycles, based on the previous
climatological indices analysis. Eight shallow
lakes areas were obtained by segmentation image
of the band 4 of Landsat satellite image, for
previously defined humid and dry cycles.
Monitored shallow lakes (Table 2), for each

Landsat scene, were randomly selected. Servicio
Meteoroldgico  Nacional (SMN)  provided
climatological data series (monthly rainfall and
temperature). Hydrological deficit and exceeds
were quantified by hydrological balance
calculation (Thorntwaite, 1948).

RESULTS

Definition of Normal, Wet and Dry Periods

According SPEI (at 12 month timescale),
different climatological cycles were identified,
for every station (Figure 1, Table 2).

As a result, 5 humid periods and 4 dry periods
were found in Chascomus (meteorological
station: Dolores) region, of the NE of the Central
Plains of Argentina (Figure 1). Regarding to
humid periods, the longest one was identified
between January 2001 and February 2003,
although it showed an alternance with “normal”
months. According to the temporal duration there
were cited as humid periods August 1980 to
March 1981, January to December 1989, April
1993 to October 1994 and June 2014 to February
2015 as humid periods (Figure 2a).

On the other hand, there could be
distinguished as the longest dry period the time
between April 2011 and July 2012, whereas
shorter dry periods comprise January to March
1980, April to August 1996 and November
2008 to November 2009 (Figure 2a).

The highest and lowest value for SPEI index
were found during January 2001 to February
2003 (SPEI= 2.38) and during November 2008 to
November 2009 (SPEI= -2.33), respectively.
Concerning Olavarria region, 5 humid events
were determined, being August 2001 to April
2003 and February 1992 to January 1993 the
longest and strongest periods (Figure 2b). The
longest dry periods for this area were December
2007 to January 2010 and June 1994 to May
1996. During the first of these periods the SPEI
surpassed the value of 3, being an extremely dry
condition.

In El Trébol region 7 and 6 humid and dry
periods were defined, respectively. December
1995 — December 1997 was distinguished as
the longest dry period whereas the November
1990 — March 1992 was distinguished as the
longest humid period (Figure 2c).

The extreme values of SPEI were found
during shorter periods: SPEI= 2.02 during
January 2010 - November 2010 and SPEI= -

2.41 during March 2008-August 2009. Finally,
in the NW of the study area (Laboulaye site),
there were noted 7 humid and 3 dry periods.

The November 1992 — September 1994 was
characterized as the longest humid period
whereas the same condition was for March
2008-November 2009 period in the category of
dry cycles (Figure 2d). November 1990-April
1992 was a short humid period but the
strongest. During the aforementioned period
SPEI index reached the 1.87 value. The lowest
SPEI values (SPElI ~ -2) occurred during
January-December 1989.

Normal periods were the most frequent
category in the 4 analyzed sites and for the 12
month timescale of SPEI index. Moderately
humid periods were predominant (after the
normal category) in Chascomus (meteorological
station: Dolores) (12 %) and Laboulaye (12%)
areas whereas the moderately dry cycles were
more usual in El Trébol (11.16%) and Olavarria
(12.07 %) regions, for a 12 month timescale
(Figure 3).

Climate Variability Effects on Hydrological
Resources
Shallow lakes areal variation

Eigth shallow lakes were monitored by
satellite image processing, during previously
selected dry and humid periods (Table 2). They
were randomly selected in relation with studied
station, in the NE, NW, center and N of the
central plains of Argentina (Figure 1, Table 2). In
all cases, during the dry period, the shallow lake
area diminished (since 96 % to 0.9 %). Moreover,
in a case located in Laboulaye zone, during the
dry period, the shallow lake was extinguished
(Figure 4). On the contrary, during a humid
period, the shallow lake located near to El Trébol
station was incorporated into a river flow (Figure
4).

Hydrological deficit and exceeds

Twelve  hydrological  balances  were
calculated, for every region, in order to estimate
hydrological excess and deficits.
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Figure 2 - SPEI 12-months timescales applied to stations for determination of dry and wet periods, in the study area
(1980-2016): a) Chascomus (climatological station: Dolores); b) Laboulaye; c) EI Trébol; d) Olavarria.
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Table 2 - Location of the randomly shallow lakes selected, monitored during dry and humid periods.

Landsat Location (South Date Date | Climatological SPEI Grid
Shallow |  scene Latitude/ West (Dry | (humid station
lake | (path/row) Longitude) period) | period)
1 38° 3749" / 62° 2419" 2009 2001 Olavarria 36°47°45"
2 226/086 38°0°50" / 62° 22°6" 2009 2001 60°14°7"
3 38° 20°52" / 60° 26°48" 2009 2001
4 35° 47°46" / 58° 13°17" 2009 1990 Chascomds 35°34°51"
5 224/085 36°571"/58°1°6" 2009 1990 58°00"49"
6 36° 7°15" / 57° 59°30" 2009 1990
! 228/084 35°15°7" / 63° 20'59" 2009 1986 Laboulaye | 34°15°31"/63°14°30"
3 35° 19°0" / 63° 20°2" 2009 1986 El Trébol | 32°12°47"/61°42 46"
24
W Humid period Dry period
20
16
12

shaffow lake area (km?)
[#2]

F=Y

5 6 7 8

1 2 3 4 9 10
shallow lake code
Figure 4 - Shallow lakes areal variation during humid and dry cycles, in eight randomized selected shallow lakes.

The hydrological balance were done for a  variable (Table 3) data. Hydrological balances
normal, dry and humid periods, for every  corresponding to dry and humid years were
studied site. Regarding the normal balance, they ~ done according to the previous SPEI
included the ~30 year average of a weather  categorization (Table 3).
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Table 3 - Periods and years of data analyzed for the hydrological balance calculation.

. . Analyzed period/years

Cllmatologlcal dry Humid Normal

station .
(annual precipitation)

El Trébol 1995 2009 1990 - 2016 (1017 mm)

Dolores 2008 2002 1950 — 2016 (935 mm)

Laboulaye 2008 1998 1956 — 2016 (867 mm)

Olavarria 2008 2001 1988 — 2016 (908 mm)

As a result, there was a direct relationship
between the hydrological surplus and deficits
and the years defined as humid and as dry by
SPEI analysis, respectively. Regarding the
hydrological deficit, it was higher during the
dry periods, for all analyzed stations, than the
normal period (Figure 5). The highest increase
of this variable was found in El Trébol and

300
250
200
150

100

hydrofogical deficit (mm/yr)

50

; ]

Dolores stations (~ 55 and 52 %, respectively),
during the dry selected years. According to the
excess, there was denoted an increase for all
analyzed cases.

The maximum increase (in relation with the
excess of a climatological normal value) was
found in Laboulaye station (~ 92 %), during the
humid period (Figure 6).

dry year W humid year normal value

El Trébol Laboulaye Olavarria Dolores

Climatological station
Figure 5 - Hydrological deficit (mm.yr) in every climatological station during dry and wet years and during a normal

climate period.
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Figure 6 - Hydrological excess (mm.yr™) in every climatological station during dry and wet years and during a normal

climate period.
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DISCUSSION

The results revealed that the SPEI is an
appropriate  indicator  of  hydrological
fluctuations in the study area due to the
possibility to apply it in different timescales.
Numerous scientific studies have shown that
particular systems and regions can respond to
drought conditions at very different time scales.
In terms of water resources, Vicente-Serrano &
Lopez-Moreno (2005) showed that the response
of river discharges and reservoir storages to
different drought time scales in mountainous
catchments may be diverse (1-2 months for
river discharges and 8-10 for reservoir
storages). Szalai et al. (2000) also showed that
water stored in reservoirs in Hungary responded
to longer time scales (5 to 24 months) than
streamflows (2 to 6 months). Large differences
were also observed using groundwater data
(e.g., Khan et al., 2008; Fiorillo & Guadagno,
2010). A similar fact could be observed for
other systems, such as crops or natural
vegetation.

The effects of the climate variability on the
hydrology are conditioned by numerous
variables such as land use, land cover and
others (Kaser et al., 2010; Insaf et al., 2013; Liu
et al.,, 2016). This work did not include the
totality of these variables. However, there could
be shown the influence of climatological
variability in some hydrological components of
the system. The results presented here, are
comparable to the findings of Aragon et al.

(2011) in relation with the coverage water and
climatological events correlation, for the NW of
the Central Plains of Argentina.

The SPEI is the most commonly used index
in order to define wet, dry and normal years and
to monitor droughts (Botai et al., 2016). In this
research, the climatological index was used in
relation with hydrological measurements. SPEI
incorporates, as a difference from SPI (Mc Kee
et al., 1995), the temperature data. This feature
appeared as an advantage in relation of the
SPEI cycles definition and the hydrological

balances (deficits and surplus amounts).
Regarding SPEI vs. shallow lakes areal
variation, the relation between climate

parameters and surface water dynamics was
lineal, which is comparable with other studies
(Herrera-Pantoja et al., 2008; Mahmood et al.,
2016).

Regarding floods, plains areas are the most
vulnerable landscape in the world. However,
the hydrological research in the aforementioned
geomorphic unit, are scarce (Usunoff et al.,
2000). Studies like this provide tools for
management and prevention of risks. The
availability of SPEI data (Vicente-Serrano et
al., 2010) (in a large spatial and temporal scale)
as well as the correlations found in this
research, gives the possibility to extrapolate
them. The extrapolation could be in other
similar areas or in the same area, in the past and
in a future time by prediction methods.

CONCLUSION

By SPEI application (12 months timescale)
for the central plains in Argentina, during the
1980-2016 years, there was possible to define
climatological cycles. The cycle definition by
SPEI data series analysis, in four sites located
in the studied area was done. As a result of the
regional analysis, there were distinguished 6
cycles, which occurred simultaneously in the
four sites analyzed (representatives of the
continental, temperate and very humid,
temperate oceanic and temperate highland of
Ventania hills climatological subregions). Four
of them were dry: 1989-1990; 1996-1997,
2008-2009 and 2011-2012 whereas 1990-1995
and 2001-2003 years were wet periods. The
analysis of the climatological index showed a
frequency of 60 % for the occurrence of normal

periods (in the 4 stations) and a 10 -15 % for
the occurrence of moderately wet and dry
periods.

Shallow lakes areal variation in contrast to
the extreme climatological events showed a
positive relation: the biggest and the smallest
areas were found during wet and dry periods,
respectively. The more distinguished case was
the example number 8 (Esquivel shallow lake)
which areal variation was of ~ 96 %. It is
located in the E of the studied area.

Also, there was found a lineal relationship
between hydrological surpluss/deficits and
extreme climatological events. Regarding the
hydrological deficit, it was highest during the
dry periods and for the four studied sites. The
highest difference occurred in EI Trébol station
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(~ 55 %). In all analyzed cases, hydrological
positives and wet years, were correlated.
Laboulaye station showed an increase of 92 %
between surplus belonging to a wet year and
the surplus in normal conditions.

The SPEI was an appropriate indicator of the
hydrological surplus and deficit and shallow lakes
areal variations in central plains of Argentina.
The climatological index indicated the effects of

extreme events on the hydrology of the studied
area. Also, by SPEI, there was possible to
determine the frequency of every category of
climatological events. This aspect is became
relevant in order to assess about risks. Finally, the
large spatial and temporal availability of the SPEI
data series, in different timescales, is an important
possibility for the estimation of hydrological
fluctuations in similar geographic areas.
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