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Introduction
Five of the largest watersheds of the world are in South America.1 

Two of them cover aproximately half of the South American 
continental area, namely the Amazon Basin and the La Plata Basin, 
Figure 1. Located in tropical latitudes of both hemispheres, the 
Amazon Basin has the largest catchment area of the globe (~6.0x106 
km2). Its surface area covers mainly the Amazon plains (45%), the 
Brazilian and Guianese shields (44%) and the Andes Cordillera 
(11%).2,3 The Amazon Basin receives a mean annual precipitation 

of around 2.2x103mm year-1,4 and drains approximately 206x103 
m3 s-1 into the equatorial Atlantic.5 The tributaries of the Amazon 
River are divided into three main hydrological sub-regions, namely 
the main river floodplain, the northern region and southern region.6 
The combined effect of different hydrological seasonalities in these 
regions defines the annual cycle of the Amazon River. The maximum 
discharges occur at the end of the austral autumn season and the onset 
of the austral winter season, while the minimum discharges occur at 
the end of the austral spring season.3
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Abstract

The Amazon River streamflow is almost 10 times larger than the streamflow of the La 
Plata River. However, the catchment area and the precipitation in the Amazon Basin are 
only about twice as large as those of the La Plata Basin. Four possible causes for this 
discrepancy of the hydrological magnitude are identified in the literature review and 
analyzed in this study. The overestimates of the Amazon River discharges and effects of big 
reservoirs on the La Plata Basin do not cause this discrepancy. The most likely cause is the 
association of a high percentage of precipitated water loss from the La Plata watershed by 
evapotranspiration and percolation into deep aquifers.
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Figure 1 The Amazon and the La Plata watersheds. Catch.: Catchment. 
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The La Plata Basin has the second largest catchment area of South 
America (~3.2x106 km2), and receives a mean annual precipitation 
of around 1.1x103mm year-1.7 This watershed drains approximately 
21.5x103 m3 s-1 into the South Atlantic.8 The main sub-basins of the 
La Plata River are situated in tropical and subtropical portions of 
South America and have different hydrological seasonalities.9,10 The 
different annual cycle of its tributaries results in regular discharges 
from the La Plata Basin throughout the year.11 

Observing the numbers reported in earlier studies, an uncertainty 
arises about the streamflows of these two watersheds. The annual 
mean streamflow of the Amazon River is almost 10 times larger than 
that of the La Plata River. However, the drainage area and the average 
annual precipitation of the Amazon Basin are only about twice as 
large as the La Plata Basin. Considering the hypothetical scenario 
(a) that the two basins present the same physiography (relief, soil, 
hydrogeology and land cover) and receive the same amount of annual 
rainfall, the catchment area determines the volume of water drained 
out of the basin. Thus, the La Plata Basin should have a streamflow 
corresponding to half of the Amazon River discharge. Now, consider 
the hypothetical scenario (b), that the two basins present the same 
physiography but the La Plata Basin, besides having half of the 
catchment area, also receives half of the annual mean precipitation 
of the Amazon Basin. In this hypothetical scenario, the annual mean 
river discharge of the La Plata Basin should be 1/4 of the mean annual 
streamflow of the Amazon Basin. Thus, a question arises: is the 
hydrological magnitude discrepancy between these basins due to error 
in the hydrometric observations in the watersheds or due to increase in 
the precipitated water loss by surface processes in the La Plata Basin? 

The main referenced value of the Amazon Basin discharge by 
Molinier et al.41 (209x103 m3 s-1) and updated value by Callède et al.5 
(206x103 m3 s-1) consider the totality of the Amazon streamflow as the 
sum of streamflows measured in the Óbidos (Amazon River main-
steam), the Itaituba (Tapajós tributary), the Altamira (Xingu tributary) 
river gauges, and contribution from the area between the Óbidos and 
the Amazon river mouth (small tributaries) into the Atlantic Ocean. 
The main referenced value of the La Plata Basin discharge by Berbery 
and Barros11 (21x103 m3 s-1) and Pasquini and Depetris8 (21.5x103 m3 
s-1) takes into account the totality of the La Plata Basin streamflow as 
the sum of the Corrientes (Middle-Paraná River) and the Paso de Los 
Libres (Uruguay River) river gauges. The justification given by these 
authors to ignore the fluviometric station on the Lower-Parana River, 
namely the Timbues river gauge, is the small water contribution of 
this sector of the Parana watershed to the La Plata River. 

Table 1 show that both catchment areas of the Corrientes (Middle-
Parana River) and the Timbues (Lower-Parana River) river gauges are 
approximately half of the catchment area of the Óbidos river gauge 
(Amazon River). This table also shows that both catchment areas of 
the river gauges in the Parana River receive approximately half of the 
annual mean precipitation of the catchment area of the Óbidos river 
gauge. At same time, the streamflows at both the Corrientes and the 
Timbues river gauges are 10% of streamflow of the Amazon River. 

Eliminating the area factor over these streamflows, converting the rate 
of river flow to water height over the catchment area, the streamflows 
of the Timbues and the Corrientes river gauges are approximately 1/5 
of the Óbidos river gauge. This ratio is slight smaller than the ratio 
of the hypothetical scenario (b), however, the two basins do not have 
the same physiographic characteristics, and this hypothetical scenario 
takes the area effect into account.

Based on the literature review of these basins, the differences in 
magnitude of streamflows between the Amazon and the La Plata basins 
can be due to four factors. (a) The Amazon River streamflow series 
at the Óbidos river gauge are being overestimated by 10% to 20% 
in rating-curves published in recent decades.12 (b) The Upper-Paraná 
sub-basin, which is responsible for half of the La Plata streamflow 
(see Figure 2 in Pasquini and Depetris,8), has a large number of big 
reservoirs.13 Thus, due to known effects of dams on the streamflows,14 
the mean annual river discharge upstream of Itaipu Dam represents 
around 25% of the mean annual precipitation over its catchment area, 
while downstream it is around half of the precipitation.15 (c) High 
evapotranspiration/precipitation rates are reported in the La Plata 
Basin, ranging from 50% to almost 90%.16 Lastly, (d) the La Plata 
Basin overlies the second largest fresh groundwater reservoir of the 
world, the Guarani Aquifer, and the Upper-Parana and Uruguay sub-
basins constitute the main potential recharge areas of this aquifer,17 
where a portion of precipitation is lost to deep percolation. In this 
context the objective of the present study is to find out which of these 
possible factors causes the observed discrepancy in hydrological 
magnitudes between the Amazon and the La Plata watersheds. The 
data and methods are shown in section 2, the evaluation and discussion 
of the four possible causes (showed above) are performed in section 3, 
and a summary and conclusions are presented in section 4.

Materials and methods
The streamflow daily data for the Amazon Basin are obtained 

from the Observation service for the geodynamical, hydrological and 
biogeochemical control of erosion/alteration and material transport 
in the Amazon, Orinoco and Congo basins (SO-HYBAM; http://
www.ore-hybam.org/) at the Óbidos (Amazon River main-steam), 
Itaituba (Tapajós River) and Altamira (Xingu River) river gauges. 
For the La Plata Basin, the streamflow daily data are obtained from 
National Water Agency-Brazil (ANA; http://www3.ana.gov.br/) at the 
Uruaguaiana (Uruguay River) river gauge, and from the Integrated 
Hydrology Database - Argentine (BDHI; http://bdhi.hidricosargentina.
gob.ar/) at the Corrientes (Middle-Parana River) and Timbues (Lower-
Parana River) river gauges. In this study, the streamflow of the 
Whole Amazon Basin discharge into the ocean is defined as the 
sum of the streamflows from the Óbidos, Itaituba and the Altamira 
river gauges. In previous studies, the Whole La Plata Basin discharge 
into the ocean is defined as the sum of streamflows measured at the 
Corrientes and the Uruguaiana river gauges.8,11 However, the present 
study also considers it as a sum of streamflows from the Timbues and 
the Uruguaiana river gauges.

Table 1 Hydrological and size percentages of the Middle-Parana River (Corrientes river gauge) and Lower- Parana River (Timbues river gauge) in relation to 
the Amazon River (Óbidos river gauge). The source of the calculated data percentages is given in section 2. Catch.: Catchment

River gauge Catch. area
(% of Óbidos)

Precipitation
(% of Óbidos)

Streamflow-rate
(% of Óbidos)

Streamflow-heigh
(% of Óbidos)

Corrientes 45 55 10 22

Timbues 53 54 10 18
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Figure 2 Mean annual precipitation (1999-2018) over the Amazon and the La Plata watersheds. The sub-basins of the La Plata Basin mentioned in the text are 
shown in this figure. 

The incomplete first and last year of each time series were eliminated. 
The whole water discharge of the watersheds was computed as the 
sum of daily streamflow of each station. The days with a gap in the 
records at one of the stations were not considered in the sum. In order 
to analyze the water balance for the period from 2003 to 2012, the river 
gauges with largest catchment area were selected, as shown in Figure 1. 
The Óbidos river gauge catchment area was selected as representative 
of the Amazon Basin. For the La Plata Basin two catchment areas, 
at the Corrientes and Timbues river gauges, were selected. For this 
analysis of water balance components it was necessary to fill the gaps 
in the streamflow time series. The 25 gaps in the data in the Timbues 
river gauge records in the period from 10/24/2012 to 11/14/2012 and 
from 11/29/2012 to 12/02/2012 are filled in using the linear regression 
model based on the Corrientes river gauge (upstream) records. The 
linear regression model has the R² of 0.6 and was calculated with 
10,860 daily streamflow records, from 1983 to 2012.

The daily precipitation data were obtained from the MERGE/
CPTEC dataset, which consists in a merge product from satellite and 
rain gauge data at 0.2º spatial resolution.18 The daily evapotranspiration 
data were obtained from GLEAM v3.2b dataset, that consists in a set 
of algorithms that estimate different components of evapotranspiration 
at 0.25º spatial resolution, largely driven by satellite data.19 The soil 
moisture data were obtained from CPC soil moisture as a monthly 
mean at 0.5º spatial resolution. This consists in a model of calculated 
soil moisture forced by gridded precipitation product and reanalysis 
temperature.20 The gridded runoff was obtained from LORA v1.0. This 
product consists in an optimal weighting approach to merge runoff 

estimates from hydrological models constrained with observational 
streamflow records. The gridded runoff is provided as monthly rate 
per unit area at 0.5º spatial resolution.21 For conjoint spatial analysis 
of these data with different spatial resolutions, the bilinear method 
was utilized to resample data, always in upscaling.

The GRACE LWE data22 are obtained from KNMI Climate 
Explorer (http://climexp.knmi.nl/select.cgi?id=someone@
somewhere&field=grace_land), and consist in anomalies of monthly 
mean liquid water equivalent thickness over continental land at 1° 
spatial resolution. The liquid water equivalent thickness, or the 
terrestrial water storage, consists in a sum of water thickness in rivers/
lakes, soil moisture and groundwater. These data are available from 
FEB/2003 to JAN/2017. However, as the anomalies are computed 
subtracting the mean from 2004 to 2009, only this period was analyzed 
in this study. The watershed boundaries are obtained from SO-HYBAM 
(http://www.ore-hybam.org/) and Venticinque et al.23 for the Amazon 
Basin and its sub-basins. For the La Plata Basin and its sub-basins, 
data was obtained from CLARIS/LPB (http://www.cima.fcen.uba.ar/
ClarisLPB/) and GRDC.24 These geodatabases are edited in this study 
to obtain the catchment areas of the river gauges. Descriptive statistics 
are utilized to verify the first two causes described in the introduction 
of this article. For the second possible cause, the time series of the 
Corrientes river gauge (outlet of the Middle-Parana sub-basin) was 
divided into two ten-year periods, before and after the construction 
of the world’s second largest hydropower dam, the Itaipu Dam 
(construction from 1974 to 1983; IPEA,25). For the third and 
fourth possible causes, the soil water balance equation of Neitsch 
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et al.42 was analyzed. This equation is rewritten and reorganized as 
shown in Equation 1.

                            

                                                                                                                    (1)

Being SWt the final amount of water in the soil profile (mm), SWo 
initial amount of water in the soil profile (mm), t final time (days), P 
precipitation (mm), R  total runoff (mm) as the sum of surface runoff 
and baseflow,  E evapotranspiration (mm) and D percolation into the 
deep aquifer (mm). The data are added up for ten years (2003-2012), 
and each Variable (V) on the right side of the equal sign in Equation 
1 is calculed as percent value of the total precipitation, obtained by 
Equation 2. Thus, the partitioning of precipitation by surface process 
can be compared between the two basins.

                                                                                                    (2)
It is more difficult to quantify percolation into the deep aquifer (D) 

and it was estimated using Equation 1. The terms were reorganized 
and variable D is considered the residual value of this analytical 
formulation. This variable will load the measurement errors of the 
other variables. However, according to Builes-Jaramillo and Poveda,4 
the water balance non-closure in the reanalysis dataset indicates the 
incomplete representation of the surface processes. On the other 
hand, water balance non-closure in observational datasets indicates 
the importance of water storage in soil and atmosphere. Moreover, 
the surface water balance formulation used in Builes-Jaramillo and 
Poveda4 does not take into account the percolation into the deep 
aquifer. Thus, considering the surface water balance (Equation 1) by 
mass conservation, the value of D obtained by a directly and indirectly 
observed dataset can be considered as a low accuracy estimate of 
water loss to the deep aquifer from the watershed.

The spatial analysis of percent values of evapotranspiration and 
percolation into the deep aquifer in relation to total precipitation 
will be called Precipitated Water Loss from the Watershed (PWLW). 
This analysis is made only in the Parana sub-basin in the La Plata 
Basin. The Uruguay sub-basin is not included in the analysis of the 
PWLW because the contribution of this sub-basin to the annual mean 
streamflow of the La Plata Basin is very smaller than the Parana 
sub-basin.8,11 For identification of PWLW by percolation to the 
deep aquifer, the LORA runoff, not the streamflow by river gauge, 
is used. The mean value of LORA runoff height over the Corrientes 
and Timbues river gauge catchment areas, added up for ten years, 
is underestimated by 369.54mm and 149.92mm, respectively, of 
streamflow height value measurements in these fluviometric stations. 
As will be shown in Table 4, the variation of soil water storage is less 
than 1% of the total precipitation, and thus it is not take into account 
in the spatial calculation of deep percolation.

Results and discussions
Before looking at the four possible causes of the hydrological 

magnitude discrepancy between the two  basins, the streamflow 
and precipitation data and size of catchment areas obtained from 
the official sources, Table 2, were compared with the values shown 
in the previous studies. This is necessary to find out if the values of 
these three variables used to identify this hydrological magnitude 
discrepancy are correct. It should be mentioned that small diferences 
between the values in Table 2 and values in previous papers are due 
mainly to time series length analyzed. The mean value shown in Table 
2 for the Amazon River agree with Filizola et al.12 at the Óbidos river 
gauge, but is less than the value obtained by Garcia and Mechoso26 
and higher than the value obtained by Villar et al.3 The mean annual 
streamflow at the Óbidos river gauge in Table 2 is also slightly 
higher than the value obtained by Tomasella et al.6 The value of the 
median discharge at the Óbidos river gauge agrees with the median 
value obtained by Callède et al.5 The mean values at the Itaituba and 
Altamira river gauges agree with Villar et al.3 and Callède et al.,5 and 
are slightly smaller than the values obtained by Tomasella et al.6 for 
the Xingu and Tapajós rivers.

The mean annual estimate of the Whole Amazon Basin discharge 
by Callède et al.,5 cited in the introduction of this article (206x103 
m3 s-1), also considers the contribution area between the Óbidos, the 
Altamira and the Itaituba river gauges and the Atlantic Ocean. The 
estimate uncertainty is 6% (streamflow range from 194x103m³ s-1 to 
218x103m³ s-1). The water contribution between these hydrometric 
stations and the Amazon river mouth to the Atlantic Ocean, obtained 
by Callède et al.5 is around 11x103 m³ s-1. On the other hand, the 
present study considering only the Óbidos, Itaituba and the Altamira 
river gauges catchment area obtained a value of 195x103 m3 s-1. 
Adding this value to 11x103 m³ s-1 described above, the estimate in 
this study agrees with the estimate by Callède et al.5 for the Whole 
Amazon Basin streamflow. Even so, the streamflow of the Whole 
Amazon Basin in this study (Table 2) is almost 10 times larger than 
that streamflow of the Whole La Plata Basin. As the 21st century is 
marked by large droughts and floods in the Amazon Basin (Table 1 
in Espinoza et al.,27) the annual average discharge of the Óbidos river 
gauge was calculated until 1999 (not shown), but the difference from 
the mean annual streamflow shown in Table 2 is not significant (~1%). 
The mean values shown in Table 2 for the Whole La Plata Basin 
(C+U) agree with Berbery and Barros11 and Pasquini and Depetris.8 
The mean value of the Corrientes river gauge agrees with Pasquini and 
Depetris8 and Doyle and Barros.16 The mean value at the Uruguaiana 
(also referenced as Paso de Los Libres in some previous studies) river 
gauge agrees with Pasquini and Depetris.8 Median values are not 
found for these stations in the La Plata Basin in previous papers. It is 
useful to note that the mean and median values decrease downstream 
in the Parana River, from the Corrientes to the Timbues river gauges.

Table 2 Statistical values of the streamflow time series and annual precipitation of the Amazon and the La Plata basins. C+U: Corrientes river gauge + 
Uruguaiana river gauge; T+U: Timbues river gauge + Uruguaiana river gauge; n (d): data number (days); n (y): data number (years). Mean and median streamflow 
values in m3 s -1 and mean precipitation values in mm year-1

River gauges Time range n (d) n (y) Mean Median

Amazon Basin

Óbidos (Amazon River) 1969 - 2016 17,486 48 175,097.18 177,700.00

Itaituba (Tapajós River) 1969 - 2017 17,413 49 11,742.71 9,654.00

Altamira (Xingu River) 1969 - 2015 16,830 47 7,747.60 4,594.50

Whole Amazon Basin 1969 - 2015 16,560 47 194,666.72 199,811.00

https://doi.org/10.15406/ijh.2020.04.00236
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River gauges Time range n (d) n (y) Mean Median

La Plata Basin

Uruguaiana (Uruguay River) 1943 - 2017 27,362 75 4,598.67 3,273.64

Corrientes (Middle-Parana River) 1904 - 2017 41,621 114 17,304.17 16,269.34

Whole La Plata Basin (C+U) 1943 - 2017 27,344 75 22,292.18 20,674.05

La Plata Basin – Complementary

Timbues (Lower-Parana River) 1905 - 2016 40,774 112 15,676.21 15,779.65

Whole La Plata Basin (T+U) 1943 - 2016 26,879 74 20,838.18 20,638.49

Annual Mean Precipitation       Time Range       n (d)   n (y)      Mean         Median

Basin

Whole Amazon Basin 1999 - 2018 7,305 20 2,419.21 -

Whole La Plata Basin 1999 - 2018 7,305 20 1,362.19 -

Table Continued...

 The values of annual mean precipitation over the Amazon and the 
La Plata basins shown in Table 2, and spatialized in Figure 2, agree 
with values obtained by Builes-Jaramillo and Poveda4 and Mechoso 
et al.7 for the Amazon and the La Plata basins, respectively, but 
overestimating around 200mm in both basins. The area of the Whole 
Amazon Basin calculated in this study is 6.05x106 km2. This area is 
slightly larger than the area (~5.96x106 km2) obtained by Calléde et 
al.5 The area of the Whole La Plata Basin calculated in this study is 
3.22X106 km2 and agrees with the area (~3.2x106 km2) obtained by 
Berbery and Barros11 and Doyle and Barros.16 The catchment area of 
the Óbidos river gauge (~4.75x106 km2) is slightly larger than the area 
(~4.67x106 km2) obtained by Calléde et al.5 The catchment area of 
the Corrientes river gauge (~2.14x106 km2) is slightly larger than the 
area (~1.95x106 km2) obtained by Garcia and Mechoso.7 As shown 
above, with a few exceptions, the values of annual mean streamflow, 
precipitation and the values of size of catchment area reported in 
previous studies are in accordance with data from official sources 
analyzed in this study. Thus, the hydrological magnitude discrepancy 
described in the introduction of this study is robust.

Overestimates in the Amazon River published rating-
curve?

The first possible cause identified in the literature review, shows 
that maximum Amazon streamflows have been overestimated by the 
published rating-curve during recent decades,12 and possibly the mean 
annual streamflow of the Amazon Basin in recent decades may also 
have been overestimated. The statistical mean is sensitive to extreme 
and atypical values, and the statistical median is more resistant to 
extreme values.28 The median and mean statistical values of time 
series at the Óbidos, Altamira and Itaituba river gauges and for the 
Whole Amazon Basin are calculated and shown in Table 2. Comparing 
the mean and median values, it is found that the difference is small 
for the Óbidos (~0%) and for the Whole Amazon Basin (~2%). The 
median value is higher than the mean value. On the other hand, the 
differences between mean and median values are significant at the 
Itaituba (~21%) and Altamira (~43%) river gauges. The mean values 
are higher than the median values at these stations. The difference 
between mean value and median value obtained by Callède et al.5 
for the Amazon Basin discharges is also insignificant (~1%). In this 
way, it can be verified that the overestimates of extreme events in 
the rating-curve from the Óbidos river gauge, according to Filizola et 

al.12 are not the reason for the hydrological magnitudes discrepancy 
between the Amazon and the La Plata watersheds.

Dams in the La Plata Basin?

The second possible cause is due to regulation of streamflows by big 
reservoirs present in the Upper-Parana sub-basin. The Middle-Parana 
sub-basin is included in this analysis. Table 3 shows the six descriptive 
statistics for the two periods. It is found that after construction of the 
Itaipu Dam the streamflows of the Middle-Paraná were increased, not 
reduced. Thus, streamflow regulation by dams is not the reason for the 
hydrological magnitude discrepancy between the Amazon and the La 
Plata watersheds. The Itaipu Dam construction period coincided with 
phase change (negative to positive) of the Pacific Decadal (or Multi-
decadal) Oscillation (PDO).29 The positive phase of the PDO is known 
to increases the Paraná River streamflow.26,30 

High evapotranspiration and deep percolation in the 
La Plata Basin?

The third and fourth factors indicate that the possible causes of 
the hydrological magnitude discrepancies between the two basins are 
high evapotranspiration and percolation into the deep aquifer in the 
La Plata Basin. Equation 1, in Material and Methods, shown that with 
the exception of the runoff (or streamflow at the basin outlet), the 
precipitation in the watershed can increase the soil water storage, or is 
lost from the watershed by evapotranspiration and percolation to deep 
aquifer. Table 4 shows the sum of the values of variables of Equation 
1 for 10 years in the Amazon and the La Plata watersheds. The 
magnitudes of the water height of rainfall and streamflow between the 
Amazon and the La Plata basins agree with the proportions showen 
in Table 1. As expected, the water height of evapotranspiration from 
the Amazon Basin is greater than from the La Plata Basin. In both 
watersheds the variation in the soil water storage was negative, but 
with a small value. The only component of the surface water balance 
that was larger in the La Plata Basin than in the Amazon Basin is 
the water height percolated into deep aquifer. The negative values 
of this variable in the Amazon Basin can be due to the association 
of two factors. The first factor is the cumulative error in the dataset 
analyzed. On the other hand, the second factor is due to the influence 
of groundwater on the evapotranspiration and streamflow in the 
Amazon Basin, as verified by Miguez-Macho and Fan. 31,32 

https://doi.org/10.15406/ijh.2020.04.00236
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Table 3 Descriptive statistics of 10-years periods before (1964 to 1973) 
and after (1984 to 1993) the Itaipu Dam construction. Discharges from the 
Corrientes river gauge in m3 s-1

Statistic 1964 to 1973 1984 to 1993

Minimum 5,962.30 9,448.50

1º Quartile 10,131.30 15,697.83

Median 13,646.50 18,596.60

Mean 15,088.79 19,507.81

3º Quartile 18,032.60 22,510.20

Maximum 43,829.40 54,000.00

Table 4 also shows the sum of variables of Equation 1 during 10 
years as percent of the total precipitation (in parentheses). It is found 
that while the relative streamflow is larger in the Amazon Basin than 
in the La Plata Basin, the relative evapotranspiration and percolation 
into the deep aquifer is larger in the La Plata Basin than in the Amazon 
Basin. Soil water storage is less than 1% of the total precipitation. 
The relative value of deep percolation in the Amazon Basin agrees 
with the Builes-Jaramillo and Poveda4 imbalance, but with an inverse 
signal. At same time, the relative value of deep percolation in the La 
Plata Basin is larger than in the Amazon Basin. As to the error in the 
dataset embedded in the amount of percolation into the deep aquifer, 
Builes-Jaramillo and Poveda4 obtained a water imbalance result 

representing 0.5% of the annual mean precipitation over the Amazon 
Basin. These authors utilized another gridded precipitation product 
(GPCC) than was used in this study, but the same streamflow and 
evapotranspiration data. If it is considered that the water imbalance of 
the La Plata Basin due to error in the dataset is the same as the Amazon 
Basin, it is found that water loss into the deep aquifer occurs in the 
La Plata Basin. Moreover, the magnitudes of the relative value of 
streamflow and percolation into the deep aquifer in the La Plata Basin 
are very similar. It is interesting to note in Table 4 that the absolute and 
relative values of evapotranspiration and streamflow height decrease 
from the Corrientes (Middle-Parana sub-basin) to Timbues (Lower-
Parana sub-basin) river gauge catchment areas. On the other hand, the 
absolute and relative deep percolation increases. According to Table 
2, this behavior also occurs in the annual mean and median values 
of stramflow rate. This indicates that water loss occurs in the lower 
section of the La Plata Basin. Grison33 found in a microbasin nested 
in the La Plata Basin that streamflow discontinuity occurs. That is, 
the streamflow does not increase toward the dowstream of the fluvial 
channel with the increased catchment area. Grison33 found that in 
his study area the streamflow discontinuity is due to human water 
extraction and intense flux in the hyporheic zone (soil zone where 
the exchange between the fluvial channel and the water table occurs) 
of the fluvial channel. However, streamflow discontinuity can also 
occur due to other factors such as geological faults. As mentioned 
above, the La Plata Basin behaves like the Guarani Aquifer17 and 
according to Soares et al.34 the structural compartments of this aquifer 
are characterized by tectonic blocks limited by geological faults that 
influence their hydrodynamics.

Table 4 Surface water balance equation summed up for 10 years (2003-2012) for catchment areas with an outlet in the Óbidos, Corrientes and Timbues river 
gauges. Values in mm. Relative magnitudes are shown in parentheses

Catchment outlet P E R D

Óbidos -68.59
(-0.28)

24,779.50
(100.00)

14,089.00
(56.86)

11,786.15
(47.56)

-1,027.06
(-4.14)

Corrientes -87.68
(-0.64)

13,719.90
(100.00)

9,282.26
(67.66)

2,629.92
(19.17)

1,895.40
(13.81)

Timbues -96.64
(-0.72)

13,352.10
(100.00)

8,910.88
(66.74)

2,133.18
(15.98)

2,404.68
(18.01)

Estimating the precipitated water loss from the La 
Plata Basin

This section analyzes the spatial pattern of the Precipitated 
Water Loss from the Watershed (PWLW) by evapotranspiration and 
percolation into the deep aquifer, as shown in Figure 3 for the La 
Plata Basin  (represented by the Timbues river gauge catchment area). 
It should be noted that the spatial percolation into the deep aquifer 
shown in this figure is less precise than the value shown in Table 4, 
and it should be used for qualitative spatial interpretation. Figure 
3 shows that, while areas with the highest percentages (≥ 80%) of 
PWLW by evapotranspiration occur mainly in the Upper-Parana and 
Paraguay sub-basins, areas with the highest percentages (≥ 40%) of 
PWLW by percolation into the deep aquifer occur in some parts of 
the Middle/Lower-Paraguay and Middle/Lower-Parana sub-basins. In 
the section between Corrientes and Timbues river gauge catchment 
areas, discussed previouly, some areas with high percentage values 
of PWLW by evapotranspiration occur. On the other hand, in the 
largest portion of this section of the watershed the percent values of 

PWLW by deep percolation are larger than 29%. It should be noted in 
Figure 3 that the precipitated water loss by evapotranspiration in a few 
areas of the northern portion of the watershed reaches 110%. Other 
studies also found higher evapotranspiration rates (> 60% to around 
86% of precipitation) in these regions of the basin.16 These high ratios 
between evapotranspiration and precipitation can be due to irrigation 
in the agricultural areas. According to Wang- Erlandsson et al.,35 the 
1970 km³ year-1 of simulated mean gross irrigation on the global scale 
causes a mean increase of 1134 km³ year-1 in simulated evaporation 
in the continental areas. Early studies showed that irrigation in the 
agricultural regions increased the precipitation recycling over these 
regions (references in Brubaker et al. 36). In the Upper-Paraguay sub-
basin precipitation recycling by evapotranspiration is almost 10% 
throughout the year. The Upper-Parana sub-basin reaches this value 
in the summer and the autumn seasons,10 Other estimates about the 
La Plata Basin as a whole obtained a precipitation recycling of around 
23% throughout the year.37 As the evapotranspiration rates over the 
agricultural areas increase due to increased irrigation, the water 
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availability to be transport by winds outside the watershed should 
also increase. However, further studies are needed to confirm this 
hypothesis.

Figure 3 also shows that precipitated water loss by deep 
percolation is insignificant in the Upper/Middle-Paraguay sub-basin 
and the Upper/Middle-Parana sub-basins. In these portions of the 
watershed these values are negative reaching -50%. This indicates that 
precipitation is less than the sum of evapotranspiration and runoff (see 
Material and Methods). In addition to the error built into the dataset 
analyzed, two possible causes are, (a) the precipitation recycling 
discussed above, and (b) the fact that these areas are located in the 
most extensive mountain area of the basin (verified in topography 
from GTopo 30 Arc-seconds; USGS/EROS Archive),43 which favors 
the generation of runoff due to largest slope gradients.38 Another 
possible cause, only in the Upper/Middle-Paraguay sub-basin, is the 
seasonal hydrological effects of the Pantanal marshlands that has a 
damping peak streamflow of 5 to 10 months compared to the peak of 
precipitation.11 On the other hand, this figure shows the occurrence 
of three regions with percent values of PWLW by deep percolation 
greater than 40%. Two of these regions are located in the section 
between catchment areas of the Timbues and Corrientes river gauges.

To complement the analysis above, 6 years of the monthly water 
thicknes anomaly over the Timbues catchment area is summed up to 
verify tendencies in the total surface water storage within the period 

analyzed. Figure 4 shows that the sum value of the monthly water 
thickness anomaly is predominathly positive, and the gradient from 
south to north and from east to west occurs in the study area. The 
peak occurs on the Pantanal marshlands. In this figure it can also be 
seen that two of the three regions with high percentage of PWLW 
by percolation into the deep aquifer, discussed above and located in 
the southwestern and western portions of the basin in Figure 3, have 
a small positive tendency in the monthly water thickness anomaly 
within the period analyzed. At the same time, these regions have the 
smallest values of PWLW by evapotranspiration, as shown in Figure 
3. This shows that a great part of the water precipitated in these regions 
is possibly being stored in a deep aquifer, and not contributing to the 
streamflow at the basin outlet. However, further hydrogeological 
studies are necessary to confirm these results. In the southern and 
eastern portions of the basin, a small negative tendency in the water 
thickness anomaly occurs. This agrees with results of Chen et al.,39 
that using the GRACE data from April/2002 to August/2009, found 
a negative tendency in the annual mean variation of terrestrial water 
storage in the southern portion of the La Plata Basin. This tendency 
is also verified by these authors in the soil water storage by modeled 
data, and observations in shallow groundwater wells. According to 
these authors the decreasing tendency of groundwater may be due 
to the association of decrease of groundwater recharge and increase 
in groundwater pumping for human activities, such as irrigation in 
agricultural areas.

Figure 3 PWLW by evapotranspiration and percolation into the deep aquifer in the Timbues river gauge catchment area (2003-2012). Deep percolation is 
quantitatively inaccurate and this information should be used only in qualitative spatial analysis. 
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Figure 4 Sum of monthly water thickness anomaly in the Timbues river gauge catchment area during 6 years (2004-2009). 

Conclusion
This article identified a hydrological magnitude discrepancy 

between the Amazon and the La Plata watersheds in values reported in 
previous studies. These values were compared with data from official 
sources, and have been corrected. The literature review identified 
the possible causes for this discrepancy. The possible causes are (a) 
overestimates of Amazon streamflows by official published rating-
curve of the Óbidos river gauge, (b) effects of the big reservoirs 
present in the Upper-Parana sub-basin on discharges from the La 
Plata River, (c) high rates of evapotranspiration in the La Plata Basin, 
and (d) deep percolation into the Guarani aquifer from the La Plata 
watershed. 

This study analyzed these possible causes. About the possible 
cause (a), it is found that the overestimation of maximum discharges 
in the Amazon River in recent decades is not the cause of the 
hydrologic magnitude discrepancies between the two watersheds. 

About the possible cause (b), it is found that the big reservoirs present 
in the Upper-Parana (and also in the Middle-Parana) sub-basin are 
also not the cause of this discrepancy. About the possible causes (c) 
and (d), it is found that most of the total precipitation over the two 
watersheds analyzed is evapotranspirated. The percentual value of 
precipitation that is evapotranspirated is larger in the La Plata Basin 
than in the Amazon Basin. Regarding the precipitated water that is 
percolated into the deep aquifer, it has almost the same value as the 
streamflow in the La Plata Basin, different from the Amazon Basin. 
Moreover, the observational streamflow data of the Parana River 
show that fluvial discontinuity occurs from its middle section to its 
lower section, and the percolation to deep aquifer (evapotranspiration) 
increases (reduces) from the Middle-Parana sub-basin to the Lower-
Parana sub-basin in the La Plata watershed. On the other hand, the 
value of percolation into deep aquifer in the Amazon Basin is dubious, 
and it is important to mention that this watershed also overlies one of 
the largest fresh groundwater reservoirs of the world, which is little 
known and explored.44
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Thus, the most likely causes of the the hydrological magnitude 
discrepancy between the Amazon and the La Plata watersheds are 
the combined effect of high values of the Precipitated Water Loss 
from the Watershed (PWLW) by evapotranspiration and percolation 
to deep aquifer in the La Plata Basin. The PWLW due to high 
evapotranspiration rates occurs in the northern portion of the La Plata 
Basin, while the PWLW due to percolation into deep aquifer occurs 
in the western and mainly in the southern portions of the watershed. 
This agrees with results of Su and Lettenmaier10 and Nascimento 
et al.,40 who found an atmospheric moisture source behavior in the 
tropical portion of the La Plata Basin during the austral winter season, 
while the subtropical portion of this watershed is an atmospheric 
moisture sink throughout the year. However, whether the PWLW by 
deep percolation into the Guarani Aquifer is propagated out of the 
boundaries of the La Plata Basin by hydrogeological processes, and/or 
pumping to irrigate the agricultural areas (and then evapotranspirated 
and transported by winds outside of the watershed) is a matter that 
requires further investigation. 

It is important to mention that this discrepancy of hydrological 
magnitude is found using annual mean values calculated with medium/
long time series, therefore, the intra-annual processes do not have 
significant influence and were not analyzed. On the other hand, it is 
also important to mention that the data of some hydrological variables 
analyzed in this study are considerably inaccurate. Therefore the 
results of this study should be analyzed with caution, and considered 
a preliminary explanation to guide future studies.
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