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The loss of timber has denuded the hills and plains 
surrounding Athens and caused massive soil 
erosion (Plato, 500 BC)
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Numerical Weather Prediction Division

Are there feedbacks between land and climate?

Driving questions:

1. Does land use affect climate?

2. How do climate models represent LCLUCs?

3. What is the sensitivity of regional climate to LCLUCs?

4. Land Cover Types or Ecosystem Functional Types (EFTs)?

5. What are the remote forcings and regional surface effects on 
droughts?

La Plata 
Basin
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Diagnosis 

- The region is subject to frequent droughts and floods

- Despite creeks, ponds and rivers, this region experiences “atrocious” droughts

- Droughts cause much larger economic losses than floods

Statement on droughts, floods and land 
use change in the Buenos Aires Province

Feedbacks

- After a drought, rain cannot penetrate sufficiently the soil, thus the sub-surface 
remains dry. 

- Incoming solar radiation increases evaporation 

- Large evaporation prevents water to infiltrate thus resulting in low soil moisture 
contents and more droughts

Changes in Climate

- The removal of tall swamp grass in the last 200 years in low areas has led to 
faster draining of ponds that resulted in more severe droughts. 

- In every place where deforestation occurred, the climate has changed

- Droughts will be more frequent and stay longer, and their effects will be even 
worse than current ones. 

- Large areas might experience the effect of desertification

- Afforestation would lead to not-so-hot and moister summers, increased dews and 
would contribute to the process of fertilization of the soils 

Florentino Ameghino
(1854-1911)

Warning on Geo-engineering to compensate climate change

- The construction of channels to remove water from flooded areas will reduce the 
water availability on the soil (water table) and make droughts much worse. 
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LCLU changes in South America

Significant deforestation not only over the Amazon, but over other regions as well:

(1) The forested area in eastern Paraguay decreased from 45% 50 years ago to 
15% at the beginning of the 1990s (Bozzano and Weik 1992).

(2) Decreases in forested area in the Paraná basin from 90% to 17% over the 
4 decades from about 1950 to 1990, with the percentage of land use in annual 
crops increasing from near zero in the early 1960s to almost 60% by 1990 (Tucci
and Clarke 1998).

1980-2000
Millennium Ecosystem 
Assessment
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Moderador
Notas de la presentación
Significant deforestation has occurred over the last few decades in both the Brazilian and Paraguayan portions of the Paraguay River basin (Baetghen et al. 2001).  The forested area in eastern Paraguay decreased from 45% 50 years ago to 15% at the beginning of the 1990s (Bozzano and Weik, 1992).  Tucci and Clarke (1998) report decreases in forested area in the Paraná basin from 90% to 17% over the 4 decades from about 1950 to 1990, with the percentage of land use in annual crops increasing from near zero in the early 1960s to almost 60% by 1990.  Considerable land use change has been associated with urbanization as well; the population of La Plata Basin has almost doubled from 61 million in 1968 to 116 million in 1994 (Baetghen et al. 2001).  Although the area affected by urbanization is much smaller than that affected by agricultural and other land use change, urbanization has important implications for runoff production (largely via increases in impervious area), and for water quality as well.  These large changes in land cover would be expected to have major implications for the land surface (and perhaps atmospheric) hydrological cycles. Moreover, extensive changes in agricultural practices (crop types) may also have affected the surface-atmosphere exchanges of energy.  



Normalized Difference Vegetation Index NDVI 1981-2000 trends
(surrogate for primary production)

shifting crop systems
(X Climate?)
NDVI increase forest to agriculture

NDVI decrease

grassland to 
tree plantation
NDVI increase

Red: decrease of NDVI
Blue: increase of NDVI

Land use changes using remotely sensed biophysical variables
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OLD MAP

1:   BROADLEAF-EVERGREEN TREES  (TROPICAL FOREST)

2:   BROADLEAF-DECIDUOUS TREES

3:   BROADLEAF AND NEEDLELEAF TREES (MIXED FOREST)

4:   NEEDLELEAF-EVERGREEN TREES

5:   NEEDLELEAF-DECIDUOUS TREES (LARCH)

6:   BROADLEAF TREES WITH GROUNDCOVER (CERRADO)

7:   GROUNDCOVER ONLY (PERENNIAL)

8:   BROADLEAF SHRUBS WITH PERENNIAL GROUNDCOVER

9:   BROADLEAF SHRUBS WITH BARE SOIL

10:   DWARF TREES AND SHRUBS WITH GROUNDCOVER (TUNDRA)

11:   BARE SOIL  

12:   CULTIVATIONS

NEW MAP
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1973 2003 

Changes at local scales
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Changes at local 
scales: desertification
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Consequently, these large changes in land cover 
are expected to have major implications for the 
surface water and energy budgets, and possibly 
on the hydrological cycle of the basin 

Depending on their physiological properties, vegetation 
types behave in different manners,  for example the way 
they transpire or how they reflect and/or absorb 
radiation (changes in albedo), thus affecting the exchanges 
of energy between the ground and the atmosphere. 

Likewise, their roots absorb water differently, thus 
impacting the soil moisture, deep runoff and ultimately river 
flows.
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Efecto de la superficie en la radiacion del sol
(albedo)
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La tasa de evapotranspiracion (EVT) 
depende de factores climaticos, 
como temperatura, luz solar, viento
y humedad. 

EVT tambien depende de la especie
de planta, porque las especies
dependen de su abilidad de  regular 
agua y adaptarse al stress inducido
por la falta de agua.

El grado de cobertura vegetal, asi
como la profundidad de las raices
son elementos importantes
tambien. 11



La rugosidad de suelo afecta a los
vientos en capas bajas
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How do models treat these processes?
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ATM

LAND

SURFACE

Heat budgetMoisture budget

How do atmospheric models interact with the land?

Land cover types
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The Noah land surface model
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Moderador
Notas de la presentación
Land-surface models, such as NOAH, contain numerous variables related to vegetation properties needed to compute the moisture and heat budgets. 



Numerical Weather Prediction Division

Model land cover
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Land cover dominant category
(fixed in time) 

Type of land cover
Surface 
albedo

[%]

Surface 
roughness

[cm]

Stomatal
resistance

[s m-1]

Surface 
emissivity

[%]
Savanna 20 15 70 92

Evergreen Broadleaf Forest 12 50 150 95

Grassland 23 10 40 92

Dry Cropland and Pasture 20 5 40 92
17
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Land cover dominant category
(fixed in time) 

Croplands?
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Model configuration 

- Model: WRF ARW 2.2
- Grid spacing: 36km/12km 
- Two way nesting
- BC: NCEP/NCAR Reanalysis

- Period: Sep-Nov 2002 (spring)

- Ensembles

Is regional climate sensitive to land cover properties?
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Experimentos numericos

CNTL:  Experimentos control (sin modificaciones en 
vegetacion)

CROP: Se supone que todas las regiones de 
vegetacion natural dentro de la Cuenca del 
Plata son convertidas a cultivos 

NATR: Se supone que no hay regiones con cultivos 
en la Cuenca del Plata (no hay influencia 
humana)
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Land cover 
and its modifications

Case 1
Savanna    Dry cropland
Evergreen  Dry cropland
Grassland  Dry cropland

Case 2
Dry cropland  grassland (south)
Dry cropland  savanna (north)

“Extreme” 
LULC Change

21



Numerical Weather Prediction Division

Land cover and its modification

Area II:   Albedo increase 
Area III: Albedo decrease

Within the La Plata basin as 
a whole, the roughness 
length (Z0) decreased.

I  Savanna     Dry cropland
II  Evergreen  Dry cropland
III  Grassland  Dry cropland
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CROP – CNTL 

T2m

T2m
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CAPE and CIN

• There is relatively large 
MCAPE and MCIN in the 
western and southern 
parts of LPB. 

• LULC change decreased 
CAPE and CIN in the 
central and northern 
part of LPB, while 
increased CAPE and CIN 
in the southern part of 
LPB and above the 
northern boundary of 
LPB. 

CROP – CNTL 

CNTL CNTL

CROP - CNTL CROP - CNTL
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Numerical Weather Prediction Division

Como era de esperar, los vientos en niveles bajos son 
afectados por la reduccion de la rugosidad:

En la zona norte de la cuenca, los vientos se aceleran y 
sacan humedad de la region. En la zona sur, los vientos
se “frenan” y se acumula humedad
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MFC > 0 MFC < 0

MFC > 0 MFC < 0

Flujos de humedad y 
convergencia de flujos de humedad (MFC)
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Vertically integrated MFC

The changes in 
moisture flux and its 
convergence  over LPB 
are related with the 
increased surface wind 
speed due to reduction 
in roughness length.

CROP – CNTL 

CNTL

CROP - CNTL
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Two-meter temperature differences 
between CROP and NATR experiments

Precipitation differences between CROP 
and NATR experiments

Land cover 
and its modification
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Given the interannual variability in land cover and its 

corresponding biophysical properties (e.g., Zo, LAI, Alb)

…is there a consistent way for models to account  

-at least in part- for those changes 

in the land surface states?
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Our objective

To use Ecosystem Functional Types as an alternative 
to Land CoverTypes to characterize the dynamics of 
land surface-atmosphere interactions and their 
interannual variability 

Ecosystem Functional Types

Land cover – constant in time EFTs –time varying
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Moderador
Notas de la presentación
My main objective with this presentation is to show you our approach to define entities that capture the heterogeneity of ecosystem functioning at the regional scale based on attributes that describe the temporal dynamics of primary production. We call these entities Ecosystem Functional Types and we use them to explore the heterogeneity of ecosystem functioning across the environmental and land-use gradients of La Plata Basin.



Numerical Weather Prediction Division

Ecosystem Functional Types (EFTs)

Groups of ecosystems that share functional characteristics 
in relation to the amount and timing of the exchanges of 
matter and energy between the biota and the physical 
environment, showing a coordinated and specific response to 
environmental factors.

Soriano & Paruelo (1992), Scholes et al. (1997), Valentini et al. (1999), Paruelo et al. (2001), Alcaraz-Segura 
et al. (2006)

Plant Functional Types (PFTs) and Ecosystem Functional Types (EFTs) 

Plant Functional Types (PFTs) 
Groups of plants that have similar functioning (N fixation,  
photosynthetic pathways,  etc.  )
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Moderador
Notas de la presentación
My main objective with this presentation is to show you our approach to define entities that capture the heterogeneity of ecosystem functioning at the regional scale based on attributes that describe the temporal dynamics of primary production. We call these entities Ecosystem Functional Types and we use them to explore the heterogeneity of ecosystem functioning across the environmental and land-use gradients of La Plata Basin.
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Attributes of the Normalized Difference Vegetation Index 
(NDVI) used to identify Ecosystem Functional Types

NDVI-I, CV, and DMAX capture 95% of the variance 
in a Principal Component Analysis of NDVI.
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- MODIS:           1 km 2000-2010
- NESDIS: 16 km 1982-2010
- LTDR-AVHRR: 5 km 1982-1999

Methodology to compute EFTs
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Moderador
Notas de la presentación
CV intra-annual
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Ecosystem Functional Types

The three attributes (NDVI- I,  
amplitude of the annual cycle and 
phenology) can be combined to 
define the EFTs

1982-1999

(And they can be computed 
for individual years)
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Interannual variability
of the physical properties

IQR: Interquartile range
M: Median 34
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ALBEDO LAI Zo

EFTs for two different years and 
The differences in physical properties 
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EFTs in a regional model

- Resolution: 30km/10km 
- Two way nesting
- BC: NCEP/NCAR Reanalysis
- Lower BCs: EFTs
-Periods: 
Sep-Nov 1988 (austral spring)
Sep-Nov 1998 (austral spring)
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Sensitivity of temperature and precipitation 
to changes in land cover (EFTs)

SON 1988 

T2m difference resulting from LBCs:  High EFT – Low EFT

SON 1998 

P difference resulting from LBCs:  High EFT – Low EFT

SON 1988 SON 1998 

a) 1988  
  

  

  

  

  

  

  

 b) 1998
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SUMMARY SO FAR

• It was shown that Land Cover in southern South America 
is subject to large interannual variability and longer term 
changes

• Ecosystem Functional Types (EFTs) were identified on a 
yearly basis, as well as their corresponding physical 
properties.

• Model simulations show the sensitivity of P and T to LCCs 
as represented by the EFTs
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We have shown that the model has sensitivity to the lower boundary 
conditions…

… but is the use of EFTs an improvement over the traditional Land 
Cover types?

A number of simulations were performed: 

Period: Sep 2007 – Jul 2009 
LBCs: USGS; IGBP; EFTs
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Pobs P anom

Pobs

The 2008 drought 
in southern La Plata Basin
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The 2008 drought 
in southern La Plata Basin
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Droughts in southern South America

(Mo and Berbery 2011)

PcAw

Pacific SST 

Atlantic SST 

PcAn

+ Tropical Atlantic effectsLa Niña
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TNA INDEX

The 2008 drought in southern La Plata Basin: 
remote forcings

PcAw
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The 2008 drought in southern La Plata Basin: 
effects on vegetation

NDVI NDVI anom

NDVI

Do the changes in 
vegetation affect the 
character of the drought? 
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WRF model simulations of the 
2008 drought
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WRF Model simulations of 
the 2008 drought

Pobs       

Pm - Pobs       

Model Biases wrt to Pobs

Pmod       
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Model Biases wrt to Pobs
Peft – Pobs         Pm - Pobs       

WRF Model simulations of the 2008 drought

Is the use of EFTs an improvement over the 
traditional Land Cover types?

Period: Sep 2007 – Jul 2009

48



Numerical Weather Prediction Division

Green: Ptrmm > Pobs
Gray: Ptrmm < Pobs
Red: Pm w/EFTs
Black: Pm (ctl)

Model Biases wrt to Pobs
Bias reduction 

The brown shades represent a 
reduction in the bias when 
using EFTs

Bias reduction, 
summer: 21%

Bias reduction, 
summer: 17%
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SUMMARY

• Los cambios de cobertura vegetal influyen en el clima
regional

• Sud America tiene grandes variaciones interanuales de 
cobertura vegetal que no es representada en tipicosmodelos
regionales

• La identificacion annual de “Ecosystem Functional Types 
(EFTs)” permite definir condiciones de superficie mas
realisticas, reduciendo los biases de los modelos. 

• Pero no olvidar los efectos de gran escala de las
temperaturas del mar, con influencias tanto del oceano
Pacifico como del Atlantico
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