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ABSTRACT

Hydrological modelling with climate scenario data are used to develop projections of changes in frequency and duration of flood events in the margins
of the lower sections of the Parana and Uruguay Rivers in La Plata Basin for the twenty-first century. Discharges were simulated with the Variable
Infiltration Capacity hydrologic model considering the statistically bias corrected daily maximum and minimum temperatures and rainfall outputs
from five regional climate models and different emission scenarios. Results show that although it is expected that compared to the current conditions
the temperature would rise and precipitation would have a slight increase in La Plata Basin during the present century, more frequent and lasting fluvial
flooding events in the lower Parana and Uruguay basins could be expected. However, the range of results derived from different climate models though

consistent in sign, indicate that the uncertainty is large.

Keywords: Climate change; Parana River; Uruguay River; flooding; future scenarios

1 Introduction

Climate change as a result of the increase in the atmospheric
greenhouse gases (GHG) concentration is likely responsible
for the observed raise in the frequency of extreme events
including severe floods and droughts as well as extreme heat
around the world with profound impacts on human society
and the natural environment (IPCC 2012). In particular, pro-
jected temperature and precipitation changes over the coming
decades strengthen the need for regional impact studies associ-
ated with global warming to assess possible changes in magni-
tude, duration and/or frequency of hydrologic extremes like
severe floods. A better knowledge of the future occurrence of
these phenomena will help to improve the management of
risks associated with climate change and will also contribute
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to the design of flood protection measures and water resources
infrastructure.

During the last decade, the progress in climate modelling
increased the confidence in the outputs required as inputs for
hydrological applications promoting many climate change
impact studies (Booij 2005, Xu et al. 2005, Andersson et al.
2006, Jiang et al. 2007, Saurral 2010, Taye ef al. 2011, Dang
Tri et al. 2012). However, in water resources applications,
climate impact assessments require careful consideration of the
sources and relative magnitude of associated uncertainties such
as emission scenarios, climate and hydrology modelling and
downscaling techniques (Wilby and Harris 2006, Cloke et al.
2010). In order to reduce the uncertainties related to climate mod-
elling and downscaling, a statistical bias correction of the sys-
tematic errors of climate models is frequently used to produce
long-term time series with a statistical distribution close to that



Downloaded by [Universidad de Buenos Aires] at 04:05 26 February 2014

2 Inés A. Camilloni et al.

of the observations to make them applicable as input for hydrol-
ogy models (Hagemann et al. 2011, Teutschbein and Seibert
2012, Chen et al. 2013).

La Plata Basin is the most important area in South America in
terms of population, Gross National Product and hydropower
generation. During the last decades, this region has been sub-
jected to climate trends that could be related to the increase in
anthropogenic GHG. Examples of changes are increased precipi-
tation (Haylock et al. 2006, Barros et al. 2008, Re and Barros
2009, Marengo et al. 2010a, Doyle et al. 2012) and river flows
(Doyle and Barros 2011) as well as extreme temperatures (Rus-
ticucci and Barrucand 2004, Marengo et al. 2010a). During the
last 50 years of the twentieth century, large areas along the
margins of the middle and lower sections of the Parana and
Uruguay Rivers, the main tributaries of the La Plata River in
terms of discharges, were subjected to large floods caused
mainly by extreme rainfall events in the upper basins that led
to critical streamflow responsible for considerable damage
(Camilloni and Barros 2003, Camilloni 2005).

Climate change projections for La Plata Basin indicate
changes in both temperature and precipitation regimes in the
future (Marengo et al. 2010b). The average temperature is
expected to increase in all seasons throughout the basin, and
the annual mean temperature will increase between 1.7°C and
3.9°C by the end of the century under the SRES A2 scenario.
The average annual precipitation is also expected to increase
by 5-30%, although there are large differences between
seasons and regions. These changes in temperature and precipi-
tation will probably impact the magnitude of river discharges and
fluvial flood frequency/duration. Saurral (2010) and Saurral et al.
(2013) estimated mean hydrologic scenarios for La Plata Basin
considering unbiased global and regional climate model
(RCM) outputs. Their results suggest a progressive increase in
the main rivers’ discharges during the twenty-first century
under the three different emission scenarios considered (B1,
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Figure 1 La Plata Basin, main rivers (———) and location of Corrientes

(1) and Paso de los Libres (2) gauging stations and Salto Grande dam
3.

A1B and A?2), indicating that although temperatures would
rise, the effects of increasing precipitation would lead to
increased freshwater availability over the basin.

The objective of this paper is to assess the impact of climate
change on future flooding in the margins of the Parana and
Uruguay Rivers in La Plata Basin. Estimation of changes in
flood frequency and duration with climate change is done consid-
ering a physically based approach that incorporates bias cor-
rected meteorological information derived from five RCMs and
a distributed hydrologic model.

The article is structured in five sections: study area and data
are described in Section 2 and the methodology is presented in
Section 3. Results on projected changes in flooding are shown
in Section 4 while Section 5 summarizes results and conclusions.

2 Study area and data

The Uruguay and Paranad basins are both densely populated
regions in La Plata Basin in Southeast South America that host
important agricultural activities and hydroelectric generation
plants. The Parana River, the most important tributary of the
La Plata River, has a drainage basin of 2.6 x 10° km” and con-
tributes to about 80% of its streamflow. It begins at the conflu-
ence of the Grande and Paranaiba Rivers and its main
tributaries are the Paranapanema, Iguazu and Paraguay Rivers
(Figure 1). Upstream from the confluence with the Paraguay at
Corrientes, the river is known as Upper Parand, and from this
city down to 32°S as Middle Parana. Downstream this point, it
is called Lower Parana. The mean discharge of the Upper
Parana is approximately 16,000 m®/s and only increases less
than 1000 m®/s downstream from Corrientes (Camilloni and
Barros 2003). The Uruguay River has a mean flow of about
4500 m’/s and it is the second tributary in importance of the
La Plata River with a basin of 365,000 km? that includes parts
of Brazil, Uruguay and Argentina. It begins near the Atlantic
Ocean at a height of 1800 m above sea level and ends at the
La Plata River. Upstream from Paso de los Libres, the river is
known as Upper Uruguay and between this location and the
Salto Grande hydropower plant, located 240 km downstream
Paso de los Libres, as Middle Uruguay. From Salto Grande to
its outlet, the river is known as Lower Uruguay (Figure 1).
River streamflow and water level data were obtained from the
Subsecretaria de Recursos Hidricos (Undersecretary of Water
Resources) of Argentina and consist of monthly mean discharges
and daily maximum water levels of the Parana River at Cor-
rientes (27°28’S, 58°49’°W) and of the Uruguay River at Paso
de los Libres (29°43’S, 57°04'°W). Daily precipitation and
maximum and minimum temperature outputs for the twenty-
first century from five RCMs that were run for South America
were considered in the hydrologic simulations used in this
study. Four of them were available through the CLARIS-LPB
project (http://www.claris-eu.org): the Rossby Centre RCM
version 3.5 (RCA), (Kjellstrom et al. 2005, Samuelsson et al.
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20006), the Prognostic at the Mesoscale version 2.4 (PROMES)
(Sanchez et al. 2007, Dominguez et al. 2010), the International
Centre for Theoretical Physics (ICTP) RCM version 3 (Reg
CM3) (Pal et al. 2007, da Rocha et al. 2009) and the Modele
de Circulation Generale du LMD version 4 (LMDZ) (Li 1999,
Hourdin ef al. 2006). The fifth model is the Providing Regional
Climates for Impacts Studies (PRECIS) modelling system (Jones
et al. 2004) available through CPTEC/INPE. The CLARIS-LPB
RCMs were run with the SRES A1B emission scenario while
PRECIS outputs are available for the SRES A2 and B2 scenarios.
Horizontal resolution, boundary conditions, scenarios and time
slices of each RCM considered for the hydrologic simulations
are presented in Table 1. Likewise, specific details on these simu-
lations, i.e. calibration and validation results as well as on the
unbiased method applied to climate outputs from RCMs, can
be found in Saurral et al. (2013).

3 Methods

3.1 Hydrological modelling

The Variable Infiltration Capacity (VIC) hydrology model
(Liang et al. 1994, 1996, Nijssen et al. 1997) was used to simu-
late the present water balance and to assess the potential impacts
of future climate change on the hydrology of the Uruguay and
Parana basins. The VIC model is a spatially distributed, phys-
ically based hydrology model that balances both energy and
water budgets, and has been widely implemented at scales
from continental to individual watersheds (Hamlet and Letten-
maier 1999, Christensen and Lettenmaier 2007, Saurral et al.
2008, Zhao et al. 2012). The VIC model was used to simulate
the hydrological cycle of the La Plata Basin with good results
over most of the sub-basins (Su and Lettenmaier 2009, Saurral
2010, Saurral ef al. 2013). In this study, we considered the dis-
charge simulations obtained with the VIC model for the Parana
River at Corrientes at a monthly scale and the simulated daily
streamflow of the Uruguay River at Paso de los Libres for the
periods with available simulated daily precipitation and
maximum and minimum temperature data (Table 1). The analy-
sis is developed for the discharge series at Corrientes and Paso de
los Libres as previous studies showed that the regions mostly
affected by floods in the margins of the Parana and Uruguay
Rivers are downstream these stations, respectively (Camilloni
and Barros 2003, Camilloni 2005). A detailed description of
the hydrologic simulations can be found in Saurral et al.
(2013) while the calibration and evaluation of the VIC model
over La Plata Basin are presented in Su and Lettenmaier
(2009) and Saurral (2010).

3.2 Determination of flooding thresholds

Fluvial flooding thresholds in the margins of the Uruguay River
are defined in terms of critical water levels. However, as the VIC
hydrologic model only provides estimates of river discharges,
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statistical relationships between flows and maximum water
levels were developed. In the case of the Parana River, there is
no need to build this kind of relationship between water levels
and streamflow, as the flood threshold can be set straightforward
from the literature (Camilloni and Barros 2003) in terms of the
river flows provided by the VIC model.

Figure 2 presents the relation between the observed monthly
discharge (Q) of the Uruguay River at Paso de los Libres and the
maximum daily level (H) of the river for each month at the same
station for the period of 1960—1999. The figure also shows the
evacuation water level (8.50 m) established by local authorities
for this station.

According to the adjustment equation (H=2.889 In Q — 18.207),
the flood criterion for the Uruguay River in terms of discharges is
established as those daily values above 13,200 m*/s. Figure 2
also indicates that 35% of the days when discharges are
between 5760 and 13,200 m>/s show river levels above the
evacuation threshold. Therefore, this percentage of cases in
the indicated range was added to the count of flooding events
with discharges above 13,200 m’/s.

The flooding threshold for the Parana River at Corrientes was
defined considering the minimum monthly discharge observed
during the two last periods with the largest floods at this
station (1982—1983 and 1997-1998). Consequently, the cri-
terion adopted in this study is that all monthly discharges
above 33,000 m>/s belonging to an at least three months spell
above this value are considered as flooding events.

The difference in the time scales considered in the analysis of
floods in the Uruguay (daily) and Parana (monthly) Rivers is
related to the observed features of these events during the twen-
tieth century. The Uruguay streamflow displays a quick response
to precipitation and floods usually last less than a month mainly
due to the relatively large slope of the terrain (Camilloni 2005).
On the contrary, the Parana River shows a lag between rainfall in
the upper basin and discharges at Corrientes of up to two months
due to the geomorphology of the river that exhibits less steep
terrain than the Uruguay basin. Downstream Corrientes, floods
usually last longer than a month (Camilloni and Barros 2003).

4 Projected changes

4.1 Uruguay River

Figure 3 shows the decadal frequency of daily events with water
level above the evacuation threshold at Paso de los Libres for the
B2 and A2 emission scenarios according to the VIC model
forced with the unbiased PRECIS climate model outputs.
These hydrologic scenarios of the Uruguay River show an
increase in the frequency of flooding events that by 2091—
2100 almost double those of the reference period (1990—
1999). Likewise, for some decades, floods are more frequent
under the low emission scenario (B2) (2026—2035, 2046—
2055 and 2091-2100) than for the highest one (A2).
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Table 1 Horizontal resolution, boundary conditions, emission scenarios and time slices available for each RCM used in the hydrologic simulations with the VIC model.

RCM Institution

Time slices considered

Horizontal resolution

Boundary conditions

Scenario

B2

A2

AlB

PRECIS INPE/CPTEC (Brazil)

PROMES Universidad de Castilla-La Mancha (Spain)

RCA Swedish Meteorological and Hydrological Institute (Sweden)

RegCM3 Universidade de Sdo Paulo (Brazil)

LMDZ Institut Pierre-Simon Laplace (France)

1990-1999
2016-2100
1991-2000
2021-2040
2071-2090
1991-2000
2021-2040
2071-2090
1981-1990
2021-2040
2071-2090
1991-2000
2021-2040
2071-2090

0.44 °x 0.44°

50 x 50 km

0.5° x 0.5°

50 x 50 km

~0.48° x 0.48°

HadAM3P

HadCM3

ECHAMS

HadAM3

LMDZ global

Notes: Reference periods of each RCM are in italics. Institutions responsible for the climate simulations with each RCM are also indicated.
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Figure2 Relationship between the monthly discharge (Q) of the Uruguay River at Paso de los Libres and the maximum daily water level (H) for each
month at the same station. Period: 1960—1999.

Figure 4 presents the changes in the frequency of days with for the near future (2011-2040) and for the end of the twenty-first
water level above the evacuation threshold of the Uruguay River century (2070—2098). Most RCMs show an increase in the fre-

at Paso de los Libres computed considering the unbiased quency of flood events although the magnitude of the change is
CLARIS-LPB climate simulations. Changes are relative to the very variable. According to the ensemble of the four RCMs
reference period of each RCM (Table 1) and they were estimated (Figure 4) there would be an increase in the occurrence of
25
WA2 [B2
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Figure 3 Decadal frequency (%) of days with water level above the evacuation threshold at Paso de los Libres (Uruguay River) for the emission scen-
arios B2 and A2 according to the PRECIS climate model.
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Figure 4 Percentage changes in frequency of days with water level above the evacuation threshold at Paso de los Libres (Uruguay River) for the indi-
vidual CLARIS-LPB climate simulations and the ensemble mean of available models under the scenario A1B with respect to the reference period of
each RCM (Table 1). Black bars represent one standard deviation among RCMs.

floods of more than 20% in the near future while flood cases will
almost be twice of those estimated for the reference period at the
end of the present century. These results are consistent with those
derived from the PRECIS climate model (Figure 3).

Future changes in duration of flooding events in Paso de los
Libres were also explored considering the VIC outputs forced
with the biased corrected PRECIS (Figure 5) and CLARIS-LPB
climate simulations (Figure 6). Most RCMs show a decrease in

25

the occurrence of short-lasting floods (<6 days) and an increase
in the long lasting ones (>30 days) suggesting that an increase
in the negative impacts of floods could be expected.

4.2 Parana River

Figures 7 and 8 show the results derived from the hydrologic
simulations with the VIC model considering the RCMs’

20

W 1990-99
2016-25

W 2026-35
# 2046-55

[@2066-75

2091-00

Number of cases

7-9 10-12

13-15 16-19 20-30 >30

Flood duration (days)

Figure 5 Decadal absolute frequency of flooding events of different durations at Paso de los Libres (Uruguay River) according to the PRECIS climate

model simulations (scenario A2).
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Figure 6 Frequency (%) of flooding events of different durations at Paso de los Libres (Uruguay River) according to the CLARIS-LPB climate simu-
lations (a) PROMES, (b) RCA, (c) RegCM3 (d) LMDZ for scenario A1B.
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experiments indicated in Table 1. In the case of the discharge the cases of the reference period (1990—-1999) with also an
simulations with climate data provided by the PRECIS model increase in events in the near future. Similar results are obtained
(Figure 7), the number of flooding events in the Parana River when considering the CLARIS-LPB climate models and their
by the end of the present century would be almost four times ensemble (Figure 8) with an increase in the frequency of flooding
60
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Figure 7 Number of months with discharges above the flooding threshold at Corrientes (Parana River) according to the PRECIS climate model simu-
lations for different decades (scenarios B2 and A2).
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Figure 8 Differences in the percentage frequency (%) of months with river discharges above the flooding threshold at Corrientes (Parana River)
derived from the CLARIS-LPB climate simulations and for the ensemble mean under the scenario A1B with respect to the reference period of each

RCM (Table 1). Black bars represent one standard deviation among RCMs.

events for both the near future and for the end of the twenty-first
century. However, it is important to highlight that three RCMs
(RCA, RegCM3 and LMDZ) do not exhibit floods for their
respective reference periods (1981-1990 for RegCM3 and
1991-2000 for RCA and LMDZ).

Future changes in duration of flood events in Corrientes were
analysed considering both the PRECIS (Figure 9) and CLARIS-

LPB climate simulations (Figure 10). In all cases, only events
that last more than three months were considered to avoid
single episodes of one to two months of extreme flows that
could not necessarily be associated with flooding at Corrientes
or downstream this station. Isolated extreme flows that last
equal to or less than two months usually do not propagate down-
stream as a flood wave (Camilloni and Barros 2003). Results

10
9
| o
8 | m1990-99 [ -
¥ [12016-25
W 2026-35
3 6 B 2046-55 )
®
8 [ 2066-75
5 . | §2091-00
2
£
=
-

6-8 >9
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Figure 9  Absolute decadal frequency of flooding events at Corrientes (Parana River) of different durations according to the PRECIS climate model

simulations (scenario A2).
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Figure 10 Distribution (%) of flooding events at Corrientes (Parana River) according to their durations for individual CLARIS-LPB simulations (a)

PROMES, (b) RCA, (c) RegCM3 (d) LMDZ for scenario A1B.

indicate increase in duration of up to nine months with respect to
the reference period for the simulations with PRECIS and
between three and five months for three CLARIS-LPB RCMs
(PROMES, RegCM3 and LMDZ).

5 Conclusions

Climate change, as captured by a set of five different RCMs,
would have a significant role in modifying some features of
the flooding events in the margins of the lower sections of the
Parana and Uruguay Rivers in La Plata Basin for the twenty-
first century. An increase in frequency and duration of fluvial
floods was identified considering a physically based approach
that incorporated unbiased meteorological outputs from RCMs
with different emission scenarios to the distributed hydrology
model VIC.

Saurral et al. (2013) found an increase not only in the mean
flows but also in the largest monthly flows for the 2021-2040
(near future) and 2071-2090 (far future) periods both for the
Parana and Uruguay Rivers. Additionally, this paper reveals an
increase in the frequency and duration of extreme events associ-
ated with floods considering the same climate scenarios as
Saurral et al. (2013). Therefore, although it is expected that com-
pared to the current conditions the temperature would rise and
precipitation would have a slight increase in La Plata Basin
during the present century, it could be expected that there will
be an increased freshwater availability accompanied by more fre-
quent and lasting-flood events.

However, the uncertainty bounds as depicted by results
derived from different climate models are wide. Therefore,
although this finding could be relevant for the adaptation of
water management systems, more climate impact studies are
needed to quantify the vulnerability of La Plata Basin to
climate change and its dependence on changing hydroclimatic
conditions.

Acknowledgements

This research was supported by the European Community’s
Seventh Framework Programme (FP7/2007—2013) under the
Grant Agreement No 212492, the University of Buenos Aires
UBACYT- 20020100100803, Consejo Nacional de Investiga-
ciones Cientificas y Técnicas PIP2009-00444 and Agencia
Nacional de Promocion Cientifica y Tecnologica PICT07-
00400. We would like to thank the CPTEC/INPE for providing
the PRECIS model outputs for South America.

References

Andersson, L., et al., 2006. Impact of climate change and devel-
opment scenarios on flow patterns in the Okavango River.
Journal of Hydrology, 331 (1), 43-57.

Barros, V., Doyle, M., and Camilloni, 1., 2008. Precipitation
trends in southeastern South America: relationship with
ENSO phases and with low-level circulation. Theoretical
and Applied Climatology, 93 (1), 19-33.



Downloaded by [Universidad de Buenos Aires] at 04:05 26 February 2014

10 Inés A. Camilloni et al.

Booij, J., 2005. Impact of climate change on river flooding
assessed with different spatial model resolutions. Journal of
Hydrology, 303 (1-4), 176-198.

Camilloni, ., 2005. Extreme flood events in the Uruguay River
of South America. VAMOS Newsletter, 2 (5), 23-25.

Camilloni, I. and Barros, V.R., 2003. Extreme discharge events
in the Parana River and their climate forcing. Journal of
Hydrology, 278 (1-4), 94-106.

Chen, J., et al., 2013. Performance and uncertainty evaluation of
empirical downscaling methods in quantifying the climate
change impacts on hydrology over two North American
river basins. Journal of Hydrology, 479, 200-214.

Christensen, N. and Lettenmaier, D.P., 2007. A multimodel
ensemble approach to assessment of climate change impacts
on the hydrology and water resources of the Colorado River
basin. Hydrology and Earth System Sciences, 11, 1417-1434.

Cloke, H.L., et al., 2010. Climate impacts on river flow: projec-
tions for the Medway catchment, UK, with UKCP09 and
CATCHMOD. Hydrological Processes, 24 (24), 3476-3489.

Dang Tri, V.P., et al, 2012. A study of the climate change
impacts on fluvial flood propagation in the Vietnamese
Mekong Delta. Hydrology and Earth System Sciences Discus-
sions, 9, 7227-7270.

Dominguez, M., et al., 2010. A regional climate model simu-
lation over West Africa: parameterization tests and analysis
of land-surface fields. Climate Dynamics, 35, 249-265.

Doyle, M. and Barros, V., 2011. Attribution of the river flow
growth in the Plata Basin. International Journal of Climatol-
0gy, 31 (15), 2234-2248.

Doyle, M.E., Saurral, R.I., and Barros, V.R., 2012. Trends in the
distributions of aggregated monthly precipitation over the La
Plata Basin. International Journal of Climatology, 32 (14),
2149-2162.

Hagemann, S., ef al., 2011. Impact of a statistical bias correction
on the projected hydrological changes obtained from three
GCMs and two hydrology models. Journal of Hydrometeorol-
ogy, 12 (4), 556-578.

Hamlet, A.F. and Lettenmaier, D.P., 1999. Effects of climate
change on hydrology and water resources in the Columbia
River basin. American Water Resources Association, 35 (6),
1597-1623.

Haylock, M.R., ef al., 2006. Trends in total and extreme South
American rainfall in 1960—2000 and links with sea surface
temperature. Journal of Climate, 19 (8), 1490—1512.

Hourdin, F., et al., 2006. The LMDZ4 general circulation model:
climate performance and sensitivity to parametrized physics
with emphasis on tropical convection. Climate Dynamics, 27
(7-8), 787-813.

IPCC, 2012. Managing the Risks of Extreme Events and Disas-
ters to Advance Climate Change Adaptation. A Special
Report of Working Groups I and II of the Intergovernmental
Panel on Climate Change [Field, C.B., V. Barros, T.F.
Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea,
K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M.

Midgley (eds.)]. Cambridge University Press, Cambridge,
and New York, NY, 582 pp.

Jiang, T., et al., 2007. Comparison of hydrological impacts of
climate change simulated by six hydrological models in the
Dongjiang Basin, South China. Journal of Hydrology, 336
(3-4), 316-333.

Jones, R.G., et al., 2004. Generating high resolution climate
change scenarios using PRECIS. Exeter: Met Office Hadley
Centre.

Kjellstrom, et al., 2005. A 140-year simulation of European
climate with the new version of the Rossby Centre regional
atmospheric climate model (RCA3). Norrkoping, Sweden,
Report in Meteorology and Climatology 108, SMHI, SE-
60176, 54 pp.

Li, Z.X., 1999. Ensemble atmospheric GCM simulation of
climate interannual variability from 1979 to 1994. Journal
of Climate, 12 (4), 986-1001.

Liang, X., etal., 1994. A simple hydrologically based model of land
surface water and energy fluxes for general circulation models.
Journal of Geophysics Research, 99 (D7), 14415-14428.

Liang, X., ef al., 1996. One-dimensional statistical dynamic rep-
resentation of subgrid spatial variability of precipitation in the
two-layer Variable Infiltration Capacity model. Journal of
Geophysics Research, 101 (D16), 21403-21422.

Marengo, J.A., et al., 2010a. An intercomparison of observed
and simulated extreme rainfall and temperature events
during the last half of the twentieth century: part 2: historical
trends. Climatic Change, 98 (3—4), 509-529.

Marengo, J., et al., 2010b. Future change of climate in South
America in the late twenty-first century: intercomparison of
scenarios from three regional climate models. Climate
Dynamics, 35 (6), 1073—-1097.

Nijssen, B., et al., 1997. Streamflow simulation for continental-
scale river basins. Water Resources Research, 33 (4), 711-724.

Pal, J.S., et al, 2007. The ITCP RegCM3 and RegCNET:
regional climate modeling for the developing world. Bulletin
of the American Meteorological Society, 88 (9), 1395-1409.

Re, M. and Barros, V., 2009. Extreme rainfalls in SE South
America. Climatic Change, 96 (1-2), 119-136.

da Rocha, R.P.,, et al, 2009. Precipitation diurnal cycle and
summer climatology assessment over South America: An
evaluation of regional climate model version 3 simulations.
Journal  Geophysical —Research, 114 (D10), 1-19.
doi:10.1029/2008JD010212.

Rusticucci, M. and Barrucand, M., 2004. Observed trends and
changes in temperature extremes over Argentina. Journal of
Climate, 17 (20), 4099—4107.

Samuelsson, P., Gollvik, S., and Ullerstig, A., 2006. The land-
surface scheme of the Rossby Centre regional atmospheric
climate model (RCA3). Norrkoping, Sweden, Report in
Meteorology 122. SMHI, SE-60176, 25 pp.

Sanchez, E., et al., 2007. Impacts of a change in vegetation
description on simulated European summer present-day and
future climates. Climate Dynamics, 29 (2—3), 319-332.



Downloaded by [Universidad de Buenos Aires] at 04:05 26 February 2014

Saurral, R., 2010. The hydrologic cycle of the La Plata Basin in
the WCRP-CMIP3 multimodel dataset. Journal of Hydrome-
teorology, 11 (5), 1083—-1102.

Saurral, R., Barros, V., and Lettenmaier, D.P., 2008. Land use
impact on the Uruguay River discharge. Geophysics Research
Letters, 35 (12), L12401. doi:10.1029/2008 GL033707.

Saurral, R., Montroull, N., and Camilloni, 1., 2013. Develop-
ment of statistically unbiased 21st century hydrology scen-
arios over La Plata Basin. International Journal of River
Basin Management — CLARIS-LP Special Issue (submitted).

Su, F. and Lettenmaier, D.P., 2009. Estimation of surface water
budget of La Plata Basin. Journal of Hydrometeorology, 10
(4), 981-998.

Taye, M.T,, et al., 2011. Assessment of climate change impact on
hydrological extremes in two source regions of the Nile River
Basin. Hydrology and Earth System Sciences, 15, 209-222.

Hydrological projections of fluvial floods 11

Teutschbein, C. and Seibert, J., 2012. Bias correction of regional
climate model simulations for hydrological climate-change
impact studies: review and evaluation of different methods.
Journal of Hydrology, 456—457, 12-29.

Wilby, R.L. and Harris, 1., 2006. A framework for assessing
uncertainties in climate change impacts: low-flow scenarios
for the River Thames, UK. Water Resources Research, 42,
W02419. doi:10.1029/2005WR004065.

Xu, C.Y., Widén, E., and Halldin, S., 2005. Modelling hydro-
logical consequences of climate change — progress and
challenges. Advances in Atmospheric Sciences, 22 (6),
789-797.

Zhao, F., et al., 2012. Application of a macroscale hydrologic
model to estimate streamflow across Southeast Australia.
Journal of Hydrometeorology, 13 (4), 1233-1250.





