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1. Introduction

This project is based on the fact that vast areas of the La Plata Basin have experienced changes in land
cover conditions due to thexpansion of thagriculture replacing natural vegetatiphut also due to

changes in crop types. These changes may affect the physical properties of the surface, with changes in
albedo, net radiation, evapotranspiration, surface roughness and many other parameters. ildodel
studies have shown that surface conditions have a significant impact on weather and climate as changes
in vegetation types imply changesalbedo and evapotranspiratiosjgnificantly altering the physical
conditions of a region and thus affecting tbeerlying atmospheric state and the processes that

modulate precipitation. Changes in vegetation types (e.g., from forests to different kinds of crops) also
involve changes in the root depth and thus in the deeper ground characteristics that affectlthe so
moisture content, the infiltration, subsurface and groundwater outflow, leading to changes in the

volume, timing and quality of the water available at catchment scales.

The CRM094 seeks to determine the extent of the impact of land cover and laedhianges (LCLUC)

in the La Plata Basin hydrachte and specifically assesbether there areconsequences for the

duration and magnitude of extreme events, including seasonal floods and droughts. The overall goal of
this project igo investigate the impct of changing land use and land cover conditions on the regional
hydroclimate and extreme events of the La Plata Basin.

Specific objectives are:

1. Develop 25ear (19802005) datasets employing a Land Data Assimilation System at adequate
resolutions vith all possible in situ and remotely sensed observations including land use and land
cover changes, useful for agricultural and hydrological assessments and applications.

2. Assess the impact of LCLU changes on the hydroclimate of the La Plata Bahim paydical
mechanisms by which the impacts take effect, by means of regional model simulations employing
the lower boundary conditions determined in Objective 1.

3. Investigate the role of LCLU changes in the intensity and length of extreme everntds éiab
droughts).

4. Investigate the potential changes in the hydrological character (soil moisture, infiltration, and runoff)
of the La Plata Basin due to the changes in LCLU.

This report summazies the achievements during 2010 Aprilwe had thesecand Pls meeting (see
program in Annex)lwhich had the objective giresenting progress iour activities and the planningf
activities during the yeait also had the participation of studerdsd invited guestsvho gave short
presentations and particigiad of the discussions to motivate them to get involved.

We also provide a brief report of treubproject on agroclimate with Clyde Fraisse in crop modeling and
applications for stakeholders



2. Capacity Building

The Year 2éport informed on the Summer School taughtléipuin Nov 2009 hé international

summer school on landover change and hydroclimate of the La Plata BaSiimce then, the success of
this Summer School was ragtized by many other actor§he University of BuendSires has given

credits to Ph D students that attended the course, and other universities are in the process of doing the
same.

Both GEWEX/WCRihd CLIVAR/WCRP halevelomd respectiveseti 2 ¥ & L Y LIS NI [(Badg S a €
both refer to our Summer Sobl as an example @apacity Building. We are preparingate that will

be submitted tothe Bulktin of the AmericanMeteorological Societfthe editor has agreed to the

proposed theme of the note).

We are evaluating the possibility of teaching a secaumthmer school.

3. Principal Investigators Meeting

The second Pls meeting took place in San Luis, Argentina, durB@yA&R&il 2010. In this meeting,
members of the CRR031 (Esteban Jobbagy), representatives of INTA (local and CaBtedaps Aires)
and faculty of the School of Agronomic Sciences of the University of Buenos Aires participated. This
meeting had the objective of (a) discussing progress on the project, (b) present our investigations to
experts in agriculture, and (c) ddae links with this communityThe meeting included a field trip to
discuss ecosystems and their properties in sand ArgentinaThe agenda is presented in Annex 1, and
soon we expect to have a web site with the presentations and other useful informatio

4. Estimating land surface conditions from Ecosystem Functional Types for use in regional models
(AlcarazSegura, Berbery, Paruelo).

Ecosysterrclimate feedbacks are a central problem for modeling the datmdosphere interactions of

the climate systemClimate is the main regional driver of the structure and function of ecosystems,
while ecosystems influence climate through multiple pathways, primarily by changing the energy,
momentum, water, and chemical balance of the atmosphere (e.g. albedo, loegwadiation, surface
roughness, evapotranspiration, gred@ouse gases, and aerosols). To represent the former land surface
atmosphere interactions and feedbacks, current regional and global circulation models employ land
cover maps and tables with their mesponding physical properties. However, these laoger
classifications are difficult to update in a yearly basis and are mainly dictated by structural attributes of
vegetation that have little sensitivity to environmental changes. This representatieagetation may

result in a delayed response and reduces the ability of models to represent rapid changes including land
use shifts, fires, floods, droughts, and insect outbreaks. In addition, vegetation physical properties are
usually determined from limed observations and assumed constant throughout the same-tave:r

(e.g. a cropland or a needleleaf forest will have the same properties anywhere in the world, Siberia or
the tropics, even though the observations may have been taken at few locationspying the way

spatial and intefannual variability of vegetation dynamics are considered in land surface models is thus
necessary to account for langse/cover change effects on circulation models.

We are doing progress in a method to replace the tradal landcover types and their biophysical
properties in regional models by timearying Ecosystem Functional Types and their corresponding
properties. For this, we first produced annual EFTs maps from 1982 to 1999 using sigelliéel NDVI

3

ot



attributes. Then, we obtained their larglirface properties values based on the Noah landace

model parameterization for the USGS lacwler classes. Finally, we formally evaluated the effect of our
approach on the spatial and intannual variability of landurface properties across natural and
agricultural systems of South America.

The Ecosystem Functional Types (median for 4980) presented in Fig. 1¢ show an average
characterization of ecosystem functioning. On average, ecosystems of temperate Southa®shew

maxima in autumn and summer. EFTs with summer maxima tend to show méatileny productivity

and high seasonality, while EFTs with autumn and spring maxima represent most of the possible
combinations of productivity and seasonality. EFTs withIN@AXima during winter tend to exhibit

either very low or very high productivity under very low seasonality values. Strong differences in the
EFTs distribution are observed between 1988 and 1999 due to climate factors (e.g., Figs. 1a,b). In 1998
EFTs wit high productivity and low seasonality dominated temperate South America, and particularly La
Plata basin. On the other hand, in 1988 the dominant EFTs showed high seasonality and medium to low
productivity.
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Fig. 1. Ecosystem Functional Types digiob in South America based on the NDVI dynamics for the
1988 and b) 1998 years and for the ¢) median distribution of the-19892 period.

The evaluation of the effect of our approach on the spatial and iaterual variability of landurface
properties revealed thathe large scale regional patterns of all surface properties were similar between
the USGS and the EFTs derived mijugife2). However, some properties showed larger differences
between the two approaches than others throughouettvhole region. For example, Minimum Leaf

Area Index (Fi@b) and Radiation Stress (Fig) 2accumulated the largest differenceghile the

minimum albedo (Fig.fg the smallest differences. In some regions, local differences were repeatedly
observed aarss all propeies. Such differences mainly occurred in shrublands of Patagonia, drylands of
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the Andes, and agricultural areas of southeastern Brazil and eastern Bolivia. In some properties, the
local heterogeneity observed in the EFTs derived map wasridran in the USGS ones (Figujefar
instance, fo Stomatal Resistance (Figuré) 2n northern Patagonia.

(EFT — USGS)/USGS
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Figure 2 Relative difference between the EfdEsived biophysical properties (198299 median) and
USGSlerived biophysical properties (1992). The relative difference was calculated as follows: (EFTs
USGS) / USGS * 100. a) Green vegetation fraction, b) mirgafiarea index, ¢) maximum leaf area
index, d) Stomatal resistance, e) radiation stress, f) minimum albedo.

The interannual variability of vegetatiomgperties is presented in Fig. Great interannual variability
was found for Surface Roughness, SatethResistance, aridinimum Leaf Area Index (Figa-@). Low
interannual variability was observed for Emissivity and Radi&togss (Figs.e3g). Rooting Depth,
Background Albedo, Green Vegetation Fraction, and Maximum Leaf Area Index showed intiermedia
variability. On average, the interannual coefficient of variation of the entire study area across all
biophysical properties was relatively low (13%). However, some regions (e.garsgiaieas of the
Patagonian steppe, the N\BE transect from southetern Bolivia to Uruguay, and the Brazilian Atlantic
Plateau) repeatedly presented high interannual variability across all properties



Stomatal Re: ance

(1IQR/M)*100

&

E & F & B & ¥ ¥ & 3
§ &8 & & ¥ ¥ ¥ ¥ &
E F F & ¥ ¥ ¥ ¥ 8

§ § & & B & ¥ ¥ &

L = 26.84

Ex Rad Stress

-~ 5.868 | == 0.087

o T E £o = £

E 3 & & B ¥ B ¥ 3
§ 0§ & & & § B ¥ @

§ § F & ¥ @

= 5.998

<

Figure 3 Interannual variability of different biophysical properties measured as the interquartie

over the median (in %Jhe variability is based on the interannual variation of the EFTs distribution for
the 19821999Top row, selected parameters with large variation. Bottom row, selected parameters with
small variationa) Min surface roughnasb) Max surface roughness, c) Stomatal resistance, d) Min Leaf
Area Index, e) Min emissivity, f) Max emissivity, g) Radiative stress.

5. Sensitivity of regional model simulations to lower surface conditions

(Lee, Berbery)

The sensitivity of near surda temperature and precipitation to the interannual variability of EFTs was
tested with the WRF regional model by performing seasonal simulations for a low productivity year
(1988) and a high productivity year (1998). Simulations were done with the corréislg EFT types,

and a second set of simulations was performed reversing their order (a low productivity year was
simulated using the EFTs of the high productiyégr and vice versa). Figures, 4 show that when

using EFTs with high productivity and eak seasonal cycle the near surface temperature for the 1988
and 1998 springs tends to increase by as much as 1° C in the central and western portions of La Plata
Basin. Figuresdc,dshow that the precipitation differences where in general positive, reigss of

whether it was a dry or a wet year. However, the patterns are not uniform and exhibit certain
patchiness with drier conditionsThis note shows that using Ecosystem Functional Types instead of the
Land Cover Types opens up the possibility afriparating interannual changes of biophysical properties
into land-surface and climate models.
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Figure 4 Sensitivity studies showing the impact in temperature (top row) and precipitation (bottom row)
of using high or low productivity EFTs. 1988 was a dry year, while 1998 was a wet one.

6. A South American Land Data Assimilation Systeaontrol run 19792004.

(Gerd, de Goncalves, Herdies)

This section describes the activities performed during the second year of this project 2009/10, in
O2yySOGA2Yy (G2 GKS AGSY oF0 2y {SOGA2Yy o oa! OGAQAD
G 5 S @S tyeat 1980p005) datasets employing a Land Data Assimilation System at adequate

resolutions with all possible in situ and remotely sensed observations including land use and land cover
changes, useful for agricultural and hydrological assessments and appkcation

A control run from 1972004 using the Noah LSM and MERRA atmospheric forcing was generated over
the entire South American continent. Jo&o Gerd Z. de Mattos is a PhD student at the National Institute
for Space Research (INPE) under supervision @ifgeu Herdies and Dr. Luis Gustavo G. de Gongalves.
He completed successfully at CPTEC/INPE a control run using the Noah LSM and MERRA atmospheric
forcing. The control run spans from 1979 to 2004 in 10Km spatial resolution over the entire continent
with output every 3 hours. The output variables are listed below:



Net Shortwave Radiation Subsurface runoff Average layer soil temperaturg
Net Longwave Radiation Snowmelt Average layer soil moisture
Latent Heat Flux Change in soil moisture Total soiwetness

Sensible Heat Flux Change in snow water equivalen{ Interception evaporation
Ground Heat Flux Average surface temperature Vegetation transpiration
Snowfall rate Surface Albedo Bare soil evaporation

Rainfall rate Snow Water Equivalent Rootzone soil moisture

Total Evapotranspiration Snow Depth Total canopy water storage
Surface runoff Snow Cover

The main objective of this work is to produce a set of simulations of land surface states over South
America using atmospheric data sets frdifferent sources to force the NOAH land surface model. The

first set of simulations is from South American Land Data Assimilation System (SALDAS) for the period
from January 2000 to December 2004. The second set is forced by the Modern Era Retrospective

analysis for Research and Applications (MERRA) from January 1979 to December 2006. These two sets of
simulations will be used as control runs for subsequent experiments focusing over the La Plata Basins.

Figure 5shows monthly means averaged over the laa@region from January 2001 to December 2001
for precipitation, evapotranspiration, surface runoff and baseflow. It is noticeable that the land surface
model partitions water differently from one set of atmospheric forcing to another (i.e. SALDAS and
MERRA). These results show that there are low runoff and baseflow values produced by NOAH when
forced by MERRA (red line named NGMERRA). Consequently this simulation is being investigated in
more details. Nonetheless this result shows the importance afgudifferent sources of information,
because each source can produce different responses of the land surface model over same region.

Figure 6shows that NOAH simulations forced by MERRA result in more water in the soil when compared
to the MERRA reanaig only. This result could be explained by the fact that the NOAH model
represents more accurately the soil levels in addition to better partition water in the soil column.
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7. Evaluation of the hydrological cycle over South America through the new generation
Reanalyses

(Quadro, de Goncalves, Herdiesrlgery)

This study compared the main characteristics of precipitation over South America as estimated from six
atmospheric reanalysis (MERRA, ERérim, ERA10, NCEP 1, NCEP 2 and CFSR). Five observation
based precipitation products (SALDAS, CPC, CMNAFR énd GLDAS) are employed for evaluation and

to obtain a measure of the uncertainties in observations. Differences up to 1 m#h deg/found

among the observational datasets, while larger differences exist among the reanalysis. The CFSR, which
is the ldest reanalysis dataset available, presents the smallest biases probably due to the assimilation of
GLDAS products. Taylor diagrams show that the observational products tend to be tightly grouped

and close to the reference points (selected from the Clerfatediction Center observed precipitation),
whereas most of reanalyses show correlation coefficients below 0.6. CFSR however, presented higher
correlation coefficients relative to the others.

The moisture budgets of MERRA and CFSR do not fullywltkejn general the imbalance is of the
order of tenths of 1 mm dag for most regions, MERRA has a negative bias that exceeds 1 rrlrirday
the tropics, while CFS has a similar imbalance over LPB.

8. Estimating evapotranspiration over the La Plata Bassing MODIS/AVHRR Leaf Area Index (LAI)

Goergen, de Goncalves)

Estimates of evapotranspiration ovéhe region of the Plata Basin were prepareging data from leaf

area index obtained from remote sensing, via MODIS sensor. The method used to accdmplish t
estimation of evapotranspiration is known as the PenAvonteith. This technique uses beyond the
atmospheric forcings as net radiation, air temperature, relative humidity and vapor pressure parameters
related to vegetation and soil.



During the first maths of the year, work has focused on acquiring and evaluating data of leaf area

index, estimated by remote sensing (MODIS serfgprre 7). Weights were also made on the

atmospheric forcing derived from South American Land Data Assimilation System $AlLliz8e

forcings are used as input in the equation. The SALDAS is a data assimilation system which provides the
forcing for the entire South American continent, in a time interval of three hours and with a spatial
resolution of 0.1 °.

The following step were targeted in order to generate monthly maps of evapotranspiration over the La
Plata Basin fortte period 2001 to 2004~{gure8 ¢ monthly mean March). The monthly average values

of evapotranspiration over the basin were compared to estimates madadgels based on the
calculation of energy balance, and the results showed that the use of data from leaf area index in the
equation of PenmaiMonteith reproduced satisfactorily the spatial variation as the seasonal variation of
evapotranspiration.

Figure 7¢ Leaf area index in La Plata Basin frorm Figure 8¢ Monthly mean (March)
MODIS sensor (mean 20D04) Evapotranspiration in La Plata Basin

9. RemoteConsequences caused by Amazon deforestation in the La Plata Basin

(Guedes, Herdies)

The doctoral candidate at INPE, Marilia Guedes do Nascimento under the supervision of Dr. Dirceu
Herdies investigated during the second year of this project the impacts of Amazonian deforestation in
the water balance of the La Plata Basin. The Amazonrrégi@an important source of atmospheric

moisture to the La Plata, responsible for maintaining processes such as Mesoscale Convective
Complexes (MCC) and the South Atlantic Conversion Zone (SACZ) relevant to the precipitation regime
over that region. Thisian ongoing research consequently only planning activities and preliminary
results are described in this project as follows.

The main objective of this work is to perform a climatology (12008) of the water balance over South
America in order to invatigate how the moist atmospheric components over the Amazon region can
influence the water balance on the La Plata Basin. The specific objectives we seek to answer the
following research questions: a) The Amazon region behaves as a source or sinkwienoiSouth
America™) The central region of South America, including the Alto Paraguai Basin, contributes to
moisture transport from tropics to extratropics? c) The La Plata Basin rainfall is modulated by water
balance over Amazon and central South Aicegeregions?) What the possible impacts of the Amazon
land use changes ond the La Plata Basin rainfall?

The following steps were performed:
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