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ABSTRACT 

Land surface processes play an important role when modeling weather and 

climate, and understanding and representing such processes in South America is 

a particular challenge because of the large variations in regional climate and 

surface features such as vegetation and soil. Numerical models have been used 

to explore the climate and weather of continental South America, but without 

appropriate initiation of land surface conditions model simulations can rapidly 

diverge from reality. This initiation problem is exacerbated by the fact that 

conventional surface observations over South America are scarce and biased 

towards the urban centers and coastal areas. This dissertation explores issues 

related to the apt representation of land surface processes and their impacts in 

numerical simulations with a regional atmospheric model (specifically the Eta 

model) over South America. The impacts of vegetation heterogeneity in regional 

weather forecast were first investigated. A South American Land Data 

Assimilation System (SALDAS) was then created analogous to that currently 

used in North America to estimate soil moisture fields for initializing regional 

atmospheric models. The land surface model (LSM) used in this SALDAS is the 
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Simplified Simple Biosphere (SSiB). Precipitation fields are critical when 

calculating soil moisture and, because conventional surface observations are 

scarce in South America, some of the most important remote sensed 

precipitation products were evaluated as potential precipitation forcing for the 

SALDAS. Spin up states for SSiB where then compared with climatological 

estimates of land surface fields and significant differences found. Finally, an 

assessment was made of the value of SALDAS-derived soil moisture fields on 

Eta model forecasts. The primary result was that model performance is 

enhanced over the entire continent in up to 72h forecasts using SALDAS surface 

fields.
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1 INTRODUCTION 

 

1.1 Scope and Nature of the research 

 

The exchange of heat, moisture, and momentum between the surface and 

atmosphere are highly dependent on land surface processes and an accurate 

initialization of surface stores of energy and water in fully coupled forecast 

models is critical. Several characteristics must be addressed in order to correctly 

describing the exchange between land surface and atmospheric models, 

including capturing the influence of surface heterogeneity at its several spatial 

scales and representing the effect of low frequency soil moisture and 

temperature variations.  When a stand alone Land Surface Model (LSM) is 

driven by reliable data fields (e.g. surface-based observed precipitation), 

calculated state variables such as soil moisture and temperature arguably 

provide the required optimum feedback for atmospheric models. However, 

reliable observation-based information is not abundant everywhere across the 

globe and in some regions, such as South America, alternative observations and 

techniques such as space-borne sensors become especially useful for 

constraining LSM’s states. This dissertation describes research to investigate the 

sensitivity of, and to improve the quality of simulations of the regional 

atmosphere over South America made using the version of the Eta model 

(Messinger et al. 1988; Janjic 1994; Black 1994) which is used operationally by 
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the Centro de Previsao do Tempo e Estudos Climaticos, which is part of the 

Brazilian National Institute for Space Research (CPTEC – INPE). The LSM used 

in these studies is the simplified version of Sellers et al. (1986), i.e., the 

Simplified Simple Biosphere model (SSiB - Xue et al. 1991). 

This dissertation includes four papers, all of which are associated with 

modeling of land surface-atmosphere interaction processes, including evaluation 

of relevant forcing data and evaluation of the impacts of different initial states and 

model features on weather forecasts. The doctoral applicant made a substantial 

contribution to the research described in these papers and was lead author for 

all.  The paper given as Appendix A assesses the methods used to derive area-

average values of vegetation-related parameters in LSMs when used to 

described large weather grid cells. The paper given as Appendix B evaluates 

remote sensing-based precipitation products in the context of their potential use 

to provide precipitation forcing for SSiB in a Land Data Assimilation System 

(LDAS). The third and fourth papers, which are given as Appendices C and D, 

respectively address issues related to the spin up of a stand alone LDAS based 

on SSiB for South America, and the sensitivity of modeled atmospheres given by 

the Eta model to initial states of surface variables. 

 

1.2  Pertinence of and Background to the Research 
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Over the past thirty years there have been substantial advances towards 

understanding the dynamic equilibrium between soil-vegetation characteristics 

and weather and climate. Charney (1975) and Charney et al. (1977) first 

demonstrated that climate models are sensitive to regional-scale changes in 

specified surface albedo, while Nobre et al. (1991) showed that perturbations in 

the regional characteristics of land-surface vegetation (or land-surface “cover”) 

may affect the overlying atmosphere of an entire region.   Chase et al. (1996) 

studied the effects of changes in the Leaf Area Index (LAI) at a global scale and, 

by performing sensitivity tests with Global Circulation Models (GCMs), 

demonstrated a direct relationship between LAI and changes in latent and 

sensible heat fluxes. Lu and Shuttleworth (2001) also have found similar results 

when assimilating NDVI-derived LAI into ClimRAMS, demonstrating that the 

representation of surface vegetation cover (including the phenology of 

heterogeneous vegetation) in the model has a first order influence on the 

simulated weather and climate. Xue et al. (1997) demonstrated that 

desertification increases near-surface air temperature and reduces precipitation, 

runoff, and soil moisture in the Sahel region during the summer months. Similar 

studies have shown that the initial specifications of the land surface can control 

the circulation in global and atmospheric models (Claussen et al. 1998; Pielke et 

al. 1999; Lu et al. 2001). The coupling between the land surface and the 

overlying atmosphere also plays an important role in triggering mesoscale 

circulations (Weaver and Avissar, 2001), modifying the planetary boundary layer 
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(Betts et al. 1998), and inducing local water recycling in the atmosphere 

(Dirmeyer and Brubaker, 1999). 

In an effort to produce more accurate land surface states and fluxes, the 

North American Land Data Assimilation System (NLDAS) project was initiated in 

1998 as a collaboration of several institutions (Mitchell et al. 1999; Cosgrove et 

al. 2003). The approach used was to calculate such states using a two 

dimensional array of stand alone LSM’s forced, to the greatest extent possible, 

by observed data. That project lead to the implementation of a Global Land Data 

Assimilation System (GLDAS - Rodell et al. 2004) as a partnership between the 

National Aeronautics and Space Administration (NASA) and National Oceanic 

and Atmosphere Administration (NOAA). Such LDAS systems are designed to 

combine satellite and ground-based observations in order to obtain optimal land 

surface quantities for atmospheric modeling and hydrological purposes. Rodell 

and Houser (2004), demonstrated that the Mosaic LSM showed a more accurate 

spatial and temporal snow coverage distribution, when driven by the 

NASA/NOAA GLDAS using the Moderate Resolution Imaging Spectroradiometer 

(MODIS) retrieved snow patterns, than could be achieved without updating using 

MODIS data. Luo et al. (2003) validated the forcing data used in NLDAS against 

surface observations for the Southern Great Plains, including data from the 

Oklahoma Mesonet sites. They demonstrated that the NLDAS forcing data can 

be a valuable resource for land surface modeling applications in this region, 

although the precipitation forcing data agreed better with observations at lower 

temporal scales.  
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An important challenge when using LDAS or when assessing the 

performance of coupled (or uncoupled) land-atmosphere parameterizations, is 

the scarcity of comprehensive land-surface data at the spatial and temporal 

resolutions at which the models operate (Maurer et al. 2002). In the context of 

this study, South America, in particular, has an irregularly distributed surface 

observation network that is biased towards the population centers. To aid this 

problem, the applicant proposed and has built a South America Land Data 

Assimilation System (SALDAS). This system has the capability to become a 

powerful tool by bringing together remotely sensed information, surface 

observations, and modeled data, merged using a physically-based land surface 

model to provide initial surface states for use in atmospheric modeling and 

hydrological applications, and also to provide diagnostic fields for the South 

American region.   

The regional Eta atmospheric model (which was used in addition to SSiB in 

this study) has been applied with success in weather and climate studies over 

both North and South America (Messinger et al. 1998; Janjic, 1994; Black 1994; 

Berbery and Collini, 2000; Seluchi et al. 2003). Chou et al. (2001), for example, 

performed two one-month simulations using the Eta model coupled to SSiB to 

validate the effectiveness of the coupling and to investigate the resulting coupled 

model’s bias and its skill in simulations of the South America climate. Chou et al’s 

results show there is an improvement in the simulation of surface temperature 

and an increase in inland precipitation when model runs are compared with 
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similar runs made with the Eta model coupled to a simple “bucket” scheme to 

represent surface interactions. 
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2 PRESENT STUDY 

 

The methods, results, and conclusions of the research carried out in support 

of this degree are presented in four papers that are appended to this dissertation. 

Sections 2.1-2.4 below summarize these papers and summarize the most 

important findings of each. Section 2.5 gives a list of the primary conclusions of 

the overall program of research described in this dissertation. 

 

2.1  Summary of Paper #1: “Application of improved ecosystems aerodynamics 

in regional weather forecasts”, Ecological Applications, 14(4), Supplement, 

2004, pp.S17-S21. 

 

In this study the impacts of applying improved representation of the 

heterogeneity in a regional atmospheric model in South America were 

investigated. Two 7-day model forecasts where compared in which different 

methods for representing the aerodynamic properties of the ecosystem were 

used.  In one simulation the grid averaged aerodynamic properties used were 

those of the most common vegetation type in the grid square. In the second 

simulation the aerodynamic properties were calculated using aggregation rules in 

combination with a high-resolution land-cover dataset. The Brazilian Eta regional 

forecast model (Janjic, 1984) coupled with the Simplified Simple Biosphere land 
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surface model scheme (SSIB; Xue et al. 1991, 2001) was used for this study. 

This model runs operationally at the Centro de Previsao de Tempo e Estudos 

Climaticos, which is part of Instituto Nacional de Pesquisas Espaciais (CPTEC-

INPE), a Brazilian research institute. The Eta/SSiB model runs at 80 km 

resolution, with a 1-km-grid vegetation cover map for South America (De Fries et 

al. 1998; Hansen et al. 2000) used to specify the ecosystem-related parameters 

in SSiB in the two model runs. The major findings of this study are as follows. 

 

(a) Aggregated rules result in more detailed spatially distributed features in 

the aerodynamic parameters. 

The two parameters used by SSiB to specify the aerodynamic interaction 

of vegetation are the roughness length and zero plane displacement. These were 

defined as those for the dominant vegetation cover in each grid box in one 

simulation and using aggregation rules following Shuttleworth (1998) in the 

second. The differences between the aerodynamic parameters for the dominant 

cover and those calculated using aggregation rules are up to 20%, and are most 

significant in particular regions such as the Amazonian region where there has 

been land-cover change along the western and southern edges of the basin. 

There are also significant differences in portions of Southern Brazil. When the 

dominant vegetation type parameters are used, as expected, the Amazon river 

region is not distinguished from the surrounding tropical forest. 
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(b) The CPTEC Eta model shows the expected sensitivity in the more 

heterogeneous areas. 

The effect of using dominant and aggregated parameters on predicted 

temperature and precipitation is most evident in the regions with most vegetation 

heterogeneity, such as along the Amazon River and in Southern Brazil. However, 

changes in the underlying vegetation appear to be able to generate a remote 

response such as changes in the location of bands of precipitation in the central 

Amazon in June and in the South Atlantic Convergence Zone in January, giving a 

southwesterly enhancement in the band of cloudiness and precipitation that 

extends from the Amazon basin to the Atlantic (e.g. Kodama 1993; Liebmann et 

al. 1999, 2004).   
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2.2 Summary of paper #2: “Evaluation of model-derived and remotely sensed 

precipitation products for South America” 

 

This paper evaluates the reliability of some of the most important remotely 

sensed daily precipitation products available for South America as a precursor to 

their possible use in the implementation of a South America Land Data 

Assimilation System. Precipitation data fields calculated as 6-hour predictions by 

the CPTEC ETA model and different satellite-derived estimates of precipitation: 

the “Precipitation Estimation from remotely Sensed Information using Artificial 

Neural Network (PERSIANN); NESDIS/NOAA; and the Tropical Rainfall 

Measurement Mission (TRMM). These three products are compared with the 

available observations of daily total rainfall across South America, and the root 

mean square error, threat score, fractional-covered area, correlation coefficients, 

and relative volumetric bias of the model-calculated and remotely sensed 

estimates are computed for the year 2000. Observed daily precipitation from 

surface weather stations were provided by Centro de Previsão do Tempo e 

Estudos Climáticos part of the Brazilian National Institute for Space Research 

(CPTEC-INPE). All the remote sensed products are interpolated to the Eta grid 

(40 Km). The overall conclusion of this study is that the ETA model-calculated 

data outperform the remotely sensed data products currently available, although 

these products individually show the best performance in some cases.  

Additional specific conclusions are as follows. 
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(a) All products underestimate the area of precipitation 

The fractional covered area (FCA) determines whether the precipitation 

product over- or under-estimates the area of precipitation. It is expressed as the 

ratio between the number of cells where a certain precipitation threshold is 

predicted relative to the number of cells where the same threshold is observed. 

All the products show a three-monthly average FCA less than unity for the entire 

period studied, except for a few occurrences of values no greater than 1.1, but 

the NESDIS product followed by the Eta model product generally give a majority 

of FCA values which are closer to the unity. 

 

(b) The ability of all products to predict the area where precipitation occurs 

above a specified threshold decrease as the intensity of precipitation 

increases. 

The Threat Score (TS) measures the skill of the model to predict the 

correct location of precipitation above a specified threshold rate. The closer to 

unity, the better forecast.  For all the precipitation estimates, as the threshold 

increases and precipitation becomes more intense, TS decreases, in some cases 

approaching zero. The Eta model based estimate has the highest TS for all 

thresholds in all trimesters but does not exceed 0.71 for low thresholds (P=0mm 



28 

and P>5mm). NESDIS has the highest TS in all trimesters for P>50mm, and 

PERSIANN in the third trimester for P>20mm and P>30mm thresholds. 

 

(c) All products apart from NESDIS show reasonable agreement with zonal 

mean precipitation 

The zonal mean precipitation over continental South America normalized 

by the land area in each longitude band and the RVB (Relative Volumetric Bias), 

a measure of the total zonal predicted precipitation relative to the observation, 

were evaluated.  RVB = 0% corresponds to perfect agreement between 

predicted and observed total zonal precipitation. NESDIS systematically 

overestimates the precipitation for latitudes south of 15S by up to 200% 

throughout the period studied. All other products have the larger errors in the 

RVB and zonal mean precipitation for latitudes north of –10S, except for TRMM 

that had RVB values less than 50% for the entire domain. 

 

(d) Eta and TRMM show the lowest monthly averaged, spatially-calculated 

RMSE (root mean square error). 

South America was divided into three climatological regions, i.e., North 

(tropical climate), Northeast (semi-arid Northeast Brazil) and South (mid-latitude 

and extra-tropical regimes), and the monthly-averaged RMSE between each 

product and observations was calculated for each region. The Eta and TRMM 
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products have the lowest values of RMSE, as low as 3mm (Eta) in July and 

August in the NE and S, with an average of 7mm for the N and NE regions and 

6mm for the S region. PERSIANN gave an average RMSE of 11mm in the N, 

10mm in the NE, and 8mm in the S regions, while the NESDIS product gave an 

RMSE of around 17mm for all three regions 

 

(e) PERSIANN represents the spatial distribution (structure) of precipitation 

better in the North (N) and Northeast (NE) regions, while Eta and TRMM are 

better for the South (S) region. 

To measure the ability of the products to describe the spatial distribution 

of precipitation in each region (N, NE and S), the cross correlation coefficient was 

calculated between the precipitation measured at each location and all others 

where there is an observation available. Cross correlation coefficients calculated 

for the observations are expected to decrease exponentially as distance 

increases. Consequently, an exponential function was used to fit the distance 

dependency of the cross correlation coefficient for each precipitation product and 

this was compared with the equivalent curve describing the observations. In the 

NE region, the fitted curve for PERSIANN is the closest to that for observations 

followed, in decreasing order, by ETA, TRMM, and NESDIS, respectively.  For 

the N region, the same applies, with PERSIANN giving the closest fitted curved 

compared to observations. In the S region, however, NESDIS shows better 

agreement with observations for distances below 200km, but ETA and TRMM 
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show similar variations and are closer to variation for observations beyond 

200km. 

 

(f) This exploratory study provides the following guidance to future studies 

involving LDAS over South America when considering precipitation as one 

of the major atmospheric forcing. 

Although a preliminary study, some general aspects of the results merit 

discussion. The Eta model showed better agreement with the observations in 

most of the evaluations, but in some cases the remaining products performed 

better. A combined product is therefore suggested in which the different features 

of precipitation products can be combined to yield an optimum precipitation 

dataset. 
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2.3  Summary of paper #3: “Towards a South America Land Data Assimilation 

System (SALDAS): Aspects of Land Surface Model Spin-Up using the 

Simplified Simple Biosphere (SSiB)” 

 

This paper describes a spin-up experiment conducted over South 

America using the Simplified Simple Biosphere (SSiB) land surface model as a 

precursor for a South American Land Data Assimilation System (SALDAS), to 

study the process of model adjustment to atmospheric forcing data. The results 

from a 11 year-long recursive simulation using three different initial soil wetness 

conditions (Control, Wet, and Dry) are examined and the time necessary for the 

model to reach equilibrium is calculated. Single point locations are chosen in the 

Amazon, North Argentina, and Northeast Brazil and the heat fluxes and total 

evaporation calculated in order to investigate the potential impacts of the 

feedback from SSiB feedback to the atmosphere. The overall conclusion is that 

the model can take several years to reach spin-up equilibrium of the soil moisture 

and the local spin up time is strongly correlated to the annual precipitation 

amount. The heat fluxes and evaporation are plausibly different when different 

soil moisture initializations are used. Specific conclusions are as follow. 

 

(a) Errors for the land surface model adjusting to the atmospheric forcing 

could persist for several years 
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The time necessary for the model to reach specified monthly percentage 

changes (0.01%, 0.1% and 1%) in soil wetness from year to the next can be 

used to determine for how long any potential errors in modeled soil wetness take 

to adjust to atmospheric forcing (i.e. to conditions at the lower boundary of the 

atmospheric model). In some regions with little precipitation, such as the 

Atacama Desert located (north of Chile) and the semi arid Northeast Brazil, or in 

regions were frozen soil persists for long periods (e.g. the central Andes), it can 

take several years (up to 57 months) to reach the soil moisture equilibrium. In 

other regions where precipitation is abundant (e.g. tropical Amazon forest), 

equilibrium can be reached in the first year of simulation. 

 

(b) The preferred equilibrium states of soil moisture are moister than the 

initial reanalysis (Control run) state and CPTEC’s operational fields 

The final soil moisture states calculated by recursive application of forcing 

data with SSiB are, in general, moister than those derived from NCEP/DOE R-2 

reanalysis fields except in southeastern Argentina and central Andes (AN), and 

moister still than climatological soil moisture states routinely used for whether 

and climate simulations for South America at CPTEC. 
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(c) The large modeled differences in the total column soil moisture and root 

zone soil moisture have most impact on the SALDAS-calculated heat fluxes 

and total evaporation occur in the semi-arid areas 

The differences between total column soil moisture and root zone soil 

moisture in the first year and last year of simulation were computed at three 

locations: in Northeastern Brazil (NE), the Central area of continent (CE), and the 

central Andes (AN). On average, there is an increase in the latent heat flux and a 

decrease of sensible heat flux first year and last year suggesting a possible 

associated impact on precipitation and small scales circulations in these regions. 

In the AN region where the soil temperature is below freezing most of the year, 

the preferred (I.e. final) SSiB states are drier than the NCEP/DOE-R2 soil 

moisture states and this results in a decrease in the magnitude of the diurnal 

cycle of latent heat and an increase in the sensible heat flux. 

(d) When compared with the results of a similar study in North America, the 

difference in precipitation regime between the continents is recognized as 

having significant impact 

When comparing the results of this study with that of Cosgrove et. al., 

(2003) who made a similar study in North America with the Mosaic LSM, the time 

for the model to spin up is faster except for in some areas with low precipitation 

or long periods of frozen soil. It is likely this is due to the more abundant 

precipitation and the presence of denser often tropical vegetation covers. 
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2.4 Summary of paper #4: Impact of different initial soil moisture fields on Eta 

model weather forecasts for South America 

 

This paper investigates the impacts of soil initialization in the Eta model coupled 

with SSiB over South America. Two experiments are conducted, one in June 

2003 (austral dry season) and the other in January 2004 (austral wet season), 

each run twice with different initializations: one initialization using soil moisture 

fields derived from a 3 years land data assimilation system run over South 

America (SALDAS) and the other with the current climatological soil moisture 

fields used operationally at the Centro de Previsão de Tempo e Estudos 

Climãticos, (CPTEC, the Brazilian center for weather forecast and climate 

studies). The resulting forecasts of up to 72 hours were compared against each 

other and against observations. 

The overall conclusion is that the model showed an improvement in performance 

for all the variables analyzed in this study (precipitation, surface temperature, 

geopotential height, and mean sea level pressure) when initialized by the 

SALDAS rather than the CTR soil moisture fields. However some local 

degradation of the forecast was observed, in particular in northern Brazil and in 

some southern areas of the continent. Specific conclusions are as follow. 
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(a) The Eta-SSiB model skill in locating the major precipitation systems is 

not affected by the soil moisture initialization 

 The Eta-SSiB was able to locate precipitation reasonably well in both seasons, 

regardless of the initial soil moisture. The model correctly predicted the 

convective band from Peru to southeast Brazil and correctly located the ITCZ in 

January. In July, the Eta-SSiB misplaced the precipitation associated with the 

ITCZ to some extent compared to OLR fields, but this may be due to the 

influence of the model’s lateral boundary conditions.  

 

(b) The SALDAS initialization yields a better Equitable Threat Score (ETS) 

for precipitation than the CTR initiation in 24h and 72h forecasts 

In January 2004, there was a 23% improvement in the ETS in 24h forecasts for 

light precipitation and up to 10% improvement for all others thresholds, with 

some degradation of the BIAS for light precipitation in the N region but 

improvement in all other regions. The 72h forecasts showed an improvement of 

20% in the ETS for all thresholds at this time of year. In July when precipitation is 

lower, only precipitation events below the threshold of 19mm are significant. At 

this time of year, there was an improvement of 3% in the ETS but 5% 

degradation in BIAS in the 24h forecasts, and a 30% improvement in the ETS but 

5% degradation in BIAS in the 72h forecasts. 
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(c) CTR and SALDAS soil moisture initializations have similar temperature 

fields for the majority of the continent 

The maximum difference in the surface temperature between the simulations and 

the surface observations are 4°C in July and 2°C in January. SALDAS 

simulations are in general colder than the CTR runs in January but warmer in 

July. 

 

(d) Simulations using the SALDAS initialization of soil moisture show 

improvement in the pressure reduced to the seal level and geopotential 

height at 500 hPa level 

When initialized by SALDAS soil moisture fields, there is a general improvement 

in the performance of the model (of up to 53% in the N area) when calculating 

the 500 hPa geopotential height and mean sea level pressure analysis. 

Whenever there is degradation of performance in predicting the geopotential 

height or mean sea level pressure, the percentage change is less than 10%. 
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2.5 Summary and Conclusions of this Doctoral Research Program  

 

The research described in this thesis provided a substantial increase in 

the understanding of the impacts of the initial land surface (i.e. soil moisture) 

states and an improvement in the representation of the ecosystems in the 

weather forecasts made with the Eta regional atmospheric model coupled with 

Simplified Simple Biosphere land surface model, which is run at the Centro de 

Previsão do Tempo e Estudos Climáticos (CPTEC, the Brazilian Center for 

Weather Forecast and Climate Studies). It also resulted in the developed of a 

methodology for implementing and testing a South American Land Data 

Assimilation System (SALDAS) based on the same land surface model.   The 

primary conclusions of this study are as follows. 

1. The improvement in the representation of ecosystems the Eta model that 

runs operationally at the Brazilian Center for Weather Forecast and 

Climate Studies (CPTEC) affects short to medium range forecasts for 

South America, especially in regions with heterogeneous mixed 

ecosystems.   

2. Precipitation, one of the key variables for land data assimilation systems 

and a primary concern in regions with poor surface observations 

coverage, is still better estimated by atmospheric models (Eta model) than 

remote sensing products in South America. 
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3. When a South American Land Data Assimilation System (SALDAS) based 

on SSiB was used in a 11-year recursive spin up simulation with three 

different initial soil moisture states (DRY, WET, and CTR), it was found 

that the model is sensitive to precipitation amount, taking more time to 

spin up in dry areas (e.g. Northeastern Brazil and the central Andes) and 

less time in areas with abundant precipitation (e.g. tropical forest). It was 

also found that if the soil is frozen for long periods of the year (e.g. in 

central Andes), this also increases the spin up time for SSiB significantly. 

4. The preferred soil moisture states for the SSiB for South America 

calculated in the final year of the spin up run are general moister than 

NCEP/DOE-R2 fields and the climatological fields currently used in 

operational models at CPTEC. 

5. When the Eta model coupled to SSiB was initialized with SALDAS-

calculated soil moisture fields, there was a general improvement in 

predictive performance for all the variables analyzed in this study 

(precipitation, surface temperature, geopotential height, and mean sea 

level pressure) relative to when initialized with the current soil moisture 

climatology used at CPTEC. 
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APPENDIX A 

 

APPLICATION OF THE IMPROVED ECOSYSTEM AERODYNAMICS IN 

REGIONAL WEATHER FORECASTS 

 

(Ecological Applications, 14(4) Supplement, 2004, pp. S17-S21) 
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APPENDIX B 
 

EVALUATION OF MODEL-DERIVED AND REMOTELY SENSED 

PRECIPITATION PRODUCTS FOR CONTINENTAL SOUTH AMERICA 
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Abstract 

 

This paper investigates the reliability of some of the more important remotely 

sensed daily precipitation products available for South America as a precursor to 

the possible implementation of a South America Land Data Assimilation System. 

Precipitation data fields calculated as 6-hour predictions by the CPTEC ETA 

model and three different satellite-derived estimates of precipitation (PERSIANN, 

NESDIS, and TRMM) are compared with the available observations of daily total 

rainfall across South America. To make this comparison, the threat score, 

fractional-covered area, and relative volumetric bias of the model-calculated and 

remotely sensed estimates are computed for the year 2000. The results show 

that the ETA model-calculated data and the NESDIS product capture the area 

without precipitation within the domain reasonably well, while the TRMM and 

PERSIANN products tend to underestimate the area without precipitation and to 

heavily overestimate the area with a small amount of precipitation. In terms of 

precipitation amount, the NESDIS product significantly overestimates and the 

TRMM product significantly underestimates precipitation, while the ETA model-

calculated data and PERSIANN product broadly match the domain average 

observations. However both tend to bias the zonal location of precipitation more 

heavily toward the equator than the observations. In general, the ETA model-

calculated data outperform the several remotely sensed data products currently 

available and evaluated in the present study.
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1. Introduction 

 
Weather and climate predictions are known to be sensitive to surface 

storage of water and energy, both at regional and global scales (e.g., Koster and 

Suarez, 1999; Beljaars et al., 1993; Betts et al., 1996; Fast and McCorkle, 1991; 

Fennessey and Shukla, 1999). In the last three decades, land surface models 

(LSMs) have been used extensively in coupled land surface-atmospheric models 

to provide a description of the feedback from the underlying soil and vegetation 

to the atmosphere during model integration (e.g., Sellers et al., 1986; Xue and 

Shukla, 1993). Recently, so-called Land Data Assimilation Schemes (LDAS: 

Mitchell et al., 2000, 2004; Rodell et al., 2004; Koster et al., 2004) have been 

successfully employed to provide improved initial surface fields of soil moisture 

for use in predictive meteorological models (in near real time) and to address 

land-surface management issues. LDAS comprise two-dimensional arrays of 

LSMs arranged to match the grid squares used in the predictive model, which are 

forced by model-derived near-surface fields supplemented, to the maximum 

extent possible, with surface observations of meteorological variables. 

An important challenge when using LDAS or when assessing the 

performance of coupled (or uncoupled) land-atmosphere parameterizations is the 

scarcity of comprehensive land-surface data at the spatial and temporal 

resolutions at which the models operate (Maurer et al., 2002). Providing 

adequate observations of precipitation is particularly problematic because 
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precipitation is so spatially variable, and often only point sample data from well-

separated rain gages are available. Some regions of the globe (e.g., North 

America, Europe, Japan, and parts of the former Soviet Union and China) have a 

reasonably dense coverage of observations. However, in the context of the 

present paper, it is significant that South America has very sparse temporal and 

spatial data coverage, and that this coverage is biased toward populated centers 

near the edge of the continent and along the main river course in the Amazon 

region. Consequently, simple interpolation of daily-total precipitation is fraught 

with difficulty. Remotely sensed estimates of precipitation inferred, for example, 

from infrared cloud-top temperatures may provide a means of filling the gaps 

between surface observations in remote regions. Unfortunately, the calibration 

and validation of such remotely sensed estimates is also difficult because 

ground-based observations are so sparse. Nonetheless, in the context of LDAS 

and despite these validation difficulties, remotely sensed estimates (perhaps 

merged with surface observations) remain the best hope for providing a spatially 

comprehensive set of precipitation observations in regions like South America, 

where surface observations are limited (Peterson et al, 1998; New et al, 2001).    

This paper evaluates three remotely sensed daily precipitation products 

currently available for South America. This is done as a precursor to the possible 

implementation of a South America LDAS for the ETA regional model (Janjic, 

1979, 1984) coupled with the Simplified Simple Biosphere (SSiB) LSM (Xue et 

al., 1991), which is used for weather forecasting at CPTEC (Centro de Previsão 
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de Tempo e Estudos Climaticos), the Brazilian Center for Weather Forecasts and 

Climate Studies. Consequently, the primary concern is how well the remotely 

sensed precipitation products reflect the daily precipitation inputs to the land 

surface. Because the goal of any LDAS would be to improve the initial energy 

and moisture state of the land surface model for a given moment in time, the 

precipitation products should reflect as accurately as possible the spatially 

distributed precipitation amount on any given day. Note that this is a stricter and 

more challenging requirement than matching the observed precipitation in some 

average or climatological sense. In addition, to be useful in an LDAS context, the 

precipitation products should better match the actual precipitation than the model 

derived product. 

In this study, precipitation data fields calculated as 6-hour predictions by 

the CPTEC ETA model and several different satellite-derived estimates of 

precipitation are compared with the available observations of daily total rainfall 

across South America, and the threat score, fractional-covered area, relative 

volumetric bias, root mean squared error and spatial cross correlation 

coefficients of the model-calculated and remotely sensed estimates are 

computed for the year 2000. In turn, these estimates are compared with gage 

observations, which, although not without problem, remain the standard measure 

of surface precipitation input. 

The paper is divided into seven sections. The general climatology of South 

America is described briefly first, followed by a description of the ETA model, the 
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remotely sensed data products, and the surface observations (Section 3). 

Section 4 presents the analysis methods and performance measures. Results, 

discussion, and conclusions are presented in Sections 5, 6, and 7, respectively. 

 

2. Climatology of South American Precipitation  

 

There are substantial variations in the climate of continental South 

America associated with latitude, topography, and proximity to oceanic influence. 

In the northern part of the continent, much of the within-continent precipitation is 

convective in origin, either in the form of organized large-scale precipitation or 

originating from mesoscale tropical squall lines which produce rainfall near the 

coast and then propagate inland.  Seasonal migration of the Inter-Tropical 

Convergence Zone (ITCZ) modulates the large-scale pattern of rainfall variability 

in tropical South America.  Rainfall east of the Andes is determined by the 

interaction between the trade winds blowing from west to east on both sides of 

the equator in this region.  Northeast Brazil has a wet season which is restricted 

to a few months (February-May) and has otherwise has a semi-arid climate.  

The Amazon region experiences its rainy season during the months of 

November, December, and January (NDJ) in southern Amazonia and February, 

March and April (FMA) in central Amazonia. 
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The central and southeastern regions of South America are influenced by 

mid-latitude and extra-tropical transient weather systems but have a well-defined 

convective wet season, especially southern Brazil, Paraguay, and northern 

Argentina, where Mesoscale Convective Cloud Systems (MCCs) occur. These 

MCCs can be fed by moisture from the Amazon basin transported east of the 

Andes by a low level jet, especially during NDJ and FMA periods (Seluchi et al., 

2000; Marengo et al., 2002). 

Transient systems, such as cold fronts, regulate the precipitation regime 

over the southern portion of the continent.  Rainfall in southeastern South 

America is also modulated by the South Atlantic Convergence Zone (SACZ) and 

is more intense during NDJ months (Liebmann et al, 1999; Nogués-Paegle and 

Mo, 1997).  The intensity of the SACZ is influenced by the availability of regional 

moisture from the Amazon and its position is modulated by intense convective 

activity in the western Pacific, in the form of a Rossby wave that emerges from 

this section of the Pacific and propagates all the way to southeastern South 

America. 

Precipitation along the Andes Mountains is modulated by the topography. 

In the northern Andes, precipitation is associated with low-level wind 

convergence, while in the central and southern Andes it is primarily orographic in 

nature.  Regions such as the inter-Andean Valley in Colombia are among the 

wettest in the continent because of strong convective activity and mountain uplift 



57

(Legates and Willmott, 1990; Figueroa and Nobre, 1990; Marengo and Nobre, 

2001; Velazco and Fritsch, 1987; Rao and Hada, 1990; Marengo, 1995).  

 

3. Model-Derived, Remotely-Sensed, and Surface Observations of Precipitation 

 

3.1 ETA weather forecast model 

 

In this study, the model-calculated precipitation data fields used for 

comparison with remotely sensed products are the 6-hour predictions given by 

the CPTEC ETA model for the year 2000. None of the surface observations of 

precipitation used here for validation are assimilated into the model prior to these 

6-hour predictions. The ETA model, as implemented at CPTEC, is set up to 

describe a domain that covers most of South America with a grid resolution of 40 

km in the horizontal and 38 vertical layers, with the model top corresponding to 

50 hPa.  The prognostic variables are surface pressure and the horizontal wind 

components, temperature, specific humidity, turbulent kinetic energy, and cloud 

water calculated over a semi-staggered Arakawa E-grid. Step-mountain (or ETA) 

vertical coordinates (as defined by Mesinger (1984)) are used in the model, with 

the resolution of vertical layers higher nearer the surface (the first layer is ~20 m 

deep) and in layers near the tropopause. In the adjustment stage, the forward-

backward scheme modified by Janjic (1979) is used. The horizontal advection 
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scheme was developed by Janjic (1984) specifically for the ETA grid and controls 

the cascade of energy toward smaller scales. It is used in conjunction with a 

modified Euler backward time-differencing scheme. A split-explicit approach 

(Gadd, 1978) is used during model integration. 

The initial conditions for the ETA model are taken from NCEP (National 

Centers for Environmental Prediction) analyses and the evolving conditions at 

the lateral boundaries from 6-hourly CPTEC global model forecasts. Both 

conditions are provided to the model in 28 vertical layers and in the form of 

spectral coefficients with T62 triangular truncation, equivalent to 1.825º resolution 

in the meridional and zonal directions. Sea surface temperature is prescribed to 

be the observed weekly average value (Reynolds and Smith, 1994), and the 

initial surface albedo is taken from a seasonal climatology  (Dorman and Sellers, 

1989). Soil moisture and temperature are also taken from seasonal climatology 

(Wilmott et al., 1985) and linearly interpolated to the first day of simulation with 

no adjustments. 

Both grid-scale (Zhao and Carr, 1997) and convective precipitation (Betts 

and Miller, 1986; Janjic, 1994) are calculated. The turbulent exchange between 

model layers in the free atmosphere is based on the Mellor-Yamada Level 2.5 

scheme, while the exchange between the earth's surface and the lowest model 

layer uses the Mellor-Yamada Level 2 scheme (Janjic, 1994, 1996a,b). The 

radiation package was developed at the Geophysical Fluid Dynamics Laboratory: 
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short-wave radiation is computed using the scheme of Lacis and Hansen (1974), 

while the long-wave radiation scheme is that of Fels and Schwartzkopf (1975). 

 

3.2 PERSIANN precipitation data product 

 

An automated system for Precipitation Estimation from Remotely Sensed 

Information using Artificial Neural Networks (PERSIANN) was developed by Hsu 

et al. (1997). The primary remotely sensed data used to estimate rainfall are 

infrared images from geosynchronous satellites (GOES-IR) available every half-

hour and sampled at a resolution of 0.25º x 0.25º (Hsu et al., 1997). The 

algorithm is based on an artificial neural network that can be adapted easily to 

incorporate any relevant additional information available. An adaptive training 

feature can be used to facilitate rapid updating of the artificial neural network 

parameters whenever independent estimates of rainfall are available. However, 

so far, no attempt has been made to incorporate data from South America into 

the training process. Consequently, the PERSIANN products evaluated in this 

study use extrapolated training calibrations made elsewhere (i.e. Japan Islands 

and Peninsula of Florida, USA) in the retrieval algorithm (Hsu et al., 1997). For 

this study, PERSIANN estimates of precipitation were only available for the last 

10 months of 2000. 
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3.3 NESDIS precipitation product 

 

The NOAA/NESDIS (National Oceanic and Atmospheric 

Administration/National Environmental Satellite, Data and Information Service) 

experimental product (Vicente et al., 1998) provides  real-time rainfall estimates 

over South America based on cloud top temperature measurements in the 

10.7 µm channel of the GOES-8 satellite. Estimates are not available when 

GOES-8 is in rapid scan mode because it only observes the Northern 

Hemisphere. Precipitation rates are calculated from a power law equation based 

on a comparison of satellite observations with collocated, instantaneous radar 

rainfall Estimates. These estimates were obtained from the U.S. operational 

network of 5 cm and 10 cm radar in the central Great Plains and areas adjacent 

to the Gulf of Mexico at a spatial resolution of 4 km. The precipitation estimates 

are available at temporal resolutions of 1, 3, 6 and 24 hours and at a spatial 

resolution of approximately 4km at the equator.  

 

3.4 TRMM precipitation product  

 

The combined instrument rain calibration algorithm (3B42) uses combined rain 

structure and the Visible Infrared Sensor (VIRS) calibration to adjust IR estimates 

from geosynchronous IR observations (Huffman et al., 1995; Huffman, 1997; 
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Huffman et al., 1997).  That is, global precipitation estimates are made by 

adjusting the GOES Precipitation Index (GPI – Arkin and Meisner, 1987) to the 

TRMM estimates. The data used in this study are one-day rainfall estimates on a 

1º x 1º grid taken from an original geographic coverage between 40ºN and 40ºS. 

The data were acquired as part of the Tropical Rainfall Measuring Mission 

(TRMM) using algorithms developed by the TRMM science team, (Simpson et al, 

1996; Halverson et al, 2002; Petersen et al, 2002). These data, processed by the 

TRMM Science Data and Information System (TSDIS), are archived and 

distributed by the NASA Goddard Space Flight Center Distributed Active Archive 

Center (DAAC). 

 

3.5 Observed data 

 

Rain gage data from conventional in situ stations in South America were 

obtained from local institutes, such as the Brazilian National Institute of 

Meteorology (INMET)  which represents the World Meteorological Organization 

(WMO) in Brazil, through the databases at CPTEC. The data is in the form of 

daily average precipitation values for the year 2000. This matched the time 

period for which ETA model-calculated data were available. In practice, many 

stations did not report every day in 2000 and only those stations with an 

adequate yearly reporting record were used in the evaluation. Stations were 
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considered acceptable for use in this evaluation if they reported on a minimum of 

300 days.  During 2000, of the 998 stations reporting rainfall in South America, 

only 240 reported on more than 300 days. The distribution of the surface stations 

used in the product evaluation is shown in Figure 1. 

 

4. Analysis Methods 

 

4.1 Comparison with observations 

 

The motivation for the present analysis is the evaluation of candidate 

precipitation products for possible use in the context of a South American LDAS 

for the CPTEC version of the ETA model. The analysis is based, therefore, on 

the grid resolution of that model. The ETA model-derived product is, of course, 

already available at the 40-km ETA model resolution. The three remotely-sensed 

data products were interpolated to match the model resolution using a general 

bilinear interpolator function, which is a linear weighted combination of the 

nearest four pixels in the original data set. These four (now gridded) products 

were then compared with observations in those grid squares, where at least one 

observation was available. If more than one observation was available in a grid 

square, a linear average of the available observations was used in the 

evaluation.  
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The year 2000 was found to be the only period where all the products 

overlapped significantly in time.  Although the PERSIANN product has only 

available for 10 months during this year, the results obtained using it are 

considered statistically significant for the purposes of this study. As noted in the 

introduction, to evaluate the utility of the remote sensing products in the context 

of a potential LDAS, the products should accurately reflect the daily precipitation 

amounts on any given day, rather than match the daily precipitation in an 

average or climatological sense. Consequently, the evaluation measures 

discussed below are all calculated at the daily timescale. 

 

4.2 Evaluation measures 

 

Measures used to evaluate numerical weather forecasts made with 

regional models include fractional-covered area (FCA), threat score (TS), relative 

volumetric bias (RVB), root mean squared error (RMSE) and correlation 

coefficients (Anthes, 1983; Anthes et al., 1989). All five measures were selected 

for use in this study. The first three were calculated for the entire study domain 

as a whole, while the latter two were calculated for three subregions of the South 

American continent. The correlation coefficients used in this evaluation are 

spatial correlation coefficients that evaluate the internal structure of the daily 

precipitation fields. 
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The fractional-covered area (FCA) measures the model's tendency to 

systematically overestimate or underestimate the area of precipitation within a 

defined domain for a given precipitation threshold. It is defined as 

 FCA = F
O , (1) 

where F is the number of times that a predicted point precipitation lies above a 

certain threshold and O is the number of times that an observed point 

precipitation lies above the same threshold. Consequently, the FCA is above 

(below) unity when the areal extent of predicted precipitation is greater (less) 

than the areal extent of observed precipitation above a threshold P. 

The threat score, TS, measures the model's skill to forecast the area of 

precipitation for a certain threshold, defined as (e.g., Anthes et al., 1989) as 

 TS = H
F + O −H , (2) 

where H is the number of "hits", that is, the number of times in which both 

predicted and observed point precipitation lie above that threshold. It is often 

used in combination with the FCA.

The third measure used in this analysis, the relative volumetric bias (RVB)

is the total volume of predicted precipitation relative to the observed precipitation 

for a given area. It is defined as 

 RVB = 1
N

1
M

MODmn −OBSmn
OBSmnm=1

M∑







n=1

N∑ , (3) 
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where N is the total number of points, M is the total number of days, MOD is the 

product precipitation value, and OBS is the gage-based observed value.  

The RMSE calculated between each station and predicted values is 

described as 

 ( )∑
=

−= (4) 

where N is the total number of evaluated points, X represents the predicted 

values and Y the observations. The RMSE was computed for three regions 

described below for each valid station within the region. The daily RMSE values 

were then averaged to produce a monthly average value. 

To evaluate the spatial distribution of precipitation estimated by each 

product, the continent was separated in three regions (North, Northeast and 

South) according to the unique rainfall regimes identified in Section 2. The North 

(N) region extends from 20S/80E to 10N/50E, the Northeast (NE) from 20S/50E 

to 10N/35E and South (S) from 55S/80E to 20S/40E. For each region, spatial 

cross correlation coefficients were computed between each location with a valid 

rain gage and surrounding gages within a radius of 500 km. The cross correlation 

between two stations is given by 
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where x(i) and y(i) are two series with i=1,2,…,N-1 and N the length of the series. 

A lag time between the series can be defined by d. For the present study the lag 

zero correlation (d=0) was larger than the lagged correlations, which indicates 

small significance of the storm movement. The lag zero correlation decreased 

with increasing distance while the lagged correlations did not show significant 

changes with increasing distance. Because the resulting plots of correlation 

versus distance are inherently noisy, an decay function was fitted to the point 

data to facilitate comparison. An exponential function best described decrease in 

correlation with distance and was used for all cases. 

The performance of the several precipitation products (in the form of 24-

hour totals prior to 12:00 UTC) was evaluated for the year 2000 according to their 

ability to represent precipitation amounts, P. The thresholds for the calculation of 

FCA and TS were taken to be the same as those used for evaluation of the 

operational ETA model at NCEP, and were equal to P = 0 mm, P > 0 mm, P > 5

mm, P > 10 mm, P > 15 mm, P > 20 mm, P > 30 mm, and P > 50 mm. Statistical 

scores were calculated wherever the observations were available. 

Fractional-covered area, relative volumetric bias, and threat score 

evaluations were calculated for four successive 90-day periods using these 240 

stations. RMSE was calculated for each month for three different subregions, and 

the spatial correlation was calculated for the entire period for the same three 

subregions. For a perfect forecast, TS = 1, FCA = 1, RVB = 0, and RMSE = 0. 
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5 Results  

 

The products were evaluated for the regions of the ETA model domain 

(continental South America), over the land surface only. The averaged FCA 

values for the four quarters of the year (January-March; April-June; July-

September; October-December), for the same periods and all threshold levels 

are presented in Table 1, the same for TS in Table 2. An example of the 16-day 

running mean FCA calculated for P > 5 mm is given in Figure 2 and an example 

of the 16-day running mean TS calculated for P > 5 mm is given in Figure 3.  

In Table 1, shaded boxes highlight the values where FCA reaches its best 

value (closest to 1) for each threshold and time period.  In the first quarter, ETA 

has the best FCA values for thresholds from P>0 to P>20 and NESDIS has the 

best values for the remaining thresholds (P=0, P>30 and P>50). In the second 

quarter, ETA has the best values for thresholds of P=0, P>0 and P>10, 

PERSIANN for P>5, and NESDIS for P>15 to P>50. In the third quarter, ETA has 

the best FCA values for P=0 and P>0, TRMM for P>5, NESDIS for P>20 to 

P>50, and PERSIANN for P>10 and P>15. In the last quarter, ETA has the best 

FCA values for P>0, PERSIANN for P>5, and NESDIS for P=0 and for P>10 to 

P>50. 

In Table 2, shaded boxes highlight the values where TS reaches its best 

value for each threshold and time period. A value of TS equal to zero means 
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there is no agreement between observed and predicted values above a certain 

threshold. For all quarters, TS decreases as the threshold increases, reaching 

zero or approximately zero in some cases. In the first and second quarters, ETA 

has the best TS for all thresholds except for P>50 where NESDIS yielded a 

marginally better value (0.014 for both quarters). In the third quarter, ETA has the 

best values for thresholds from P=0 to P>15, PERSIANN for P>20 and P>30, 

and NESDIS for P>50. In the last quarter, ETA has the best TS values for P=0 to 

P>15 and NESDIS for P>20 to P>50.  Zero values of TS are found for ETA (third 

quarter, P>50) and TRMM (all quarters for P>50. and third quarter for P>30). In 

general, all three satellite derived products (TRMM, NESDIS, and PERSIANN) 

have TS values less than 0.1 in all quarters for thresholds above P>10.   

Figure 4 shows the zonal precipitation over continental South America 

normalized by the land area in each longitude band. Precipitation for oceanic grid 

squares is not included in the average. The figures on the left-hand side show 

the mean zonal precipitation, while the figures on the right-hand side show the 

relative volumetric bias (RVB) expressed as a percentage. The products were 

evaluated for the four quarters of the year as well as for the whole year. The 

mean zonal observed precipitation shows maximum values (around 10 mm/day) 

in the north of the continent during the first and second quarters, with 

progressively less rainfall as the latitude increases southward.  During the third 

and fourth quarters, the mean zonal precipitation throughout the continent is 

around 5 mm/day.  The ETA model precipitation estimates follow the observed 
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pattern with a maximum in the first and second quarters of around 15 mm/day in 

the north and less than observed (near zero rainfall) in the south (>20ºS). The 

NESDIS product overestimates precipitation at all locations in all quarters except 

in the north (<10ºS) in the first semester.  In the third semester, the NESDIS 

product overestimates precipitation in the south (up to 15 mm/day) and central 

areas (10ºS-30ºS) by approximately 5 mm/day. The TRMM product 

underestimates observations in the first and second quarters by up to 5 mm/day 

in the north of the continent and PERSIANN shows its maximum difference in the 

third quarter of 4 mm/day around 10ºS.  The annual mean zonal precipitation 

shows differences up to 2 mm/day between all products and observations except 

NESDIS that shows differences up to 5 mm/day in the southern areas and 

around 10ºN. The ETA model product also shows the same 5 mm/day difference 

at 10ºN. 

 The right hand side column in Figure 4 shows the RVB, which is a 

measure of the estimated total zonal precipitation relative to observations.  If 

RVB = 0%, there is perfect agreement between estimated and observed total 

zonal precipitation (Equation 3). NESDIS shows the highest RVB values for all 

quarters for latitudes south of 10ºS, with values above 100%, reaching peaks of 

600% in the second and fourth quarters, and more than 600% in the third 

quarter. In the third quarter, PERSIANN shows values up to 600% around 30ºS 

and more than 200% for latitudes greater than 30ºS. All the products except 

TRMM show an annual average peak of up to 600% for latitudes north of 5N. 
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South of 5ºN, all the products oscillate between –50% and 50%, but NESDIS 

reaches values of up to 250% at 40ºS in the annual average RVB. 

 The monthly averaged RMSE is shown in Figure 5 for each month. The 

vertical bars illustrate the standard deviation computed for each month.  

Because the standard deviation (and RMSE) of the NESDIS product is high 

compared to the other products, its results are plotted separately on the right with 

a different scale.  In the northern region (N), the RMSE of PERSIANN, when 

available, is around 10 mm/day. For the period January to June, TRMM has the 

lowest RMSE, on average about 1 mm/day less than ETA. From July to 

December, ETA has the lowest RMSE, which is on average 2 mm/day less than 

TRMM. The maximum RMSE for TRMM and ETA occur in February (8 mm/day 

and 8.9 mm/day, respectively), for PERSIANN in September (11.5 mm/day), and 

NESDIS in July (20 mm/day). The minimum RMSE for TRMM, ETA, and 

PERSIANN occur in August (5 mm/day, 3.5 mm/day, and 9.1 mm/day, 

respectively) and for NESDIS in September (7.7 mm/day). 

In the northeastern region (NE), the RMSE of PERSIANN, when available, 

is around 10 mm/day. For the months January to June, TRMM has the lowest 

RMSE (as for the northern region), followed by ETA. The differences between 

TRMM and ETA during this period are less than 1 mm/day). From July to 

December, ETA has the lowest RMSE (again as for the northern region), 

followed by TRMM. The differences between TRMM and ETA during this period 

are less than 2 mm/day. The maximum RMSE for TRMM, ETA, and PERSIANN 
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occur in April (8.2 mm/day, 9 mm/day, and 11.2 mm/day respectively), and for 

NESDIS in July (22 mm/day). The minimum RMSE for TRMM, ETA, PERSIANN 

and NESDIS all occur in August (5.2 mm/day, 3.3 mm/day, 8.5 mm/day, and 

8.0 mm/day, respectively).  

In the southern region (S), the TRMM product has the lowest RMSE for 

the entire period, followed in order by ETA, PERSIANN, and NESDIS. The 

average difference between TRMM and ETA is 1.3 mm/day, with the minimum 

difference in June (0.5 mm/day) and maximum difference in July (2.4 mm/day). 

The maximum RMSE values for TRMM, ETA, and PERSIANN occur in 

December (8.5 mm/day, 7.4 mm/day, and 10.4 mm/day, respectively) and for 

NESDIS in November (20 mm/day). The minimum RMSE values for TRMM and 

ETA occur in July (5.2 mm/day and 2.8 mm/day, respectively), PERSIANN in 

May (7.0 mm/day), and NESDIS in January (8.8 mm/day). 

For the three regions analyzed, the observations show that the cross 

correlation coefficients decrease with distance. Figure 6a shows the calculated 

correlation coefficients versus distance, with fitted curves for the observations 

(blue) and PERSIANN (red) products given as examples. Comparisons between 

the fitted curves, based on an exponential decay function, are shown in Figures 

6b, 6c, and 6d for the NE, N, and S regions, respectively. 

In the NE region (Figure 6b), the fitted curve for PERSIANN (dashed line) 

matches the observations most closely. This is followed, in decreasing order, by 

ETA (circles), TRMM (crosses), and NESDIS (dots).  For the N region 
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(Figure 6c), this pattern is repeated. Figure 6d shows the comparison for S 

region. In this case, NESDIS shows better agreement with the observations for 

distances less 200 km. ETA and TRMM yield very similar curves which most 

similar to observations for distances greater than 200 km.  

 

6. Discussion  

 

When considering the potential value of a precipitation product for use in 

an LDAS, aspects that merit special consideration are a tendency to over- or 

under-estimate precipitation amount (bias), the degree to which the spatial 

structure of the observations is captured, and the performance when estimating 

zero or high intensity rainfall.   For all threshold P > 5 mm/day and greater, all 

four precipitation products have an FCA value less than one, that is, the area 

estimated to have rainfall is less than observed. This may result, in part, from our 

method of comparison, in which grid-averaged products are compared with 

observations from individual gages. The ETA model and NESDIS product are 

approximately equally successful in terms of FCA and capture the area without 

precipitation within the domain reasonably well, although their relative success in 

doing so changes through the year. The TRMM and PERSIANN products tend to 

underestimate the area without precipitation and to heavily overestimate the area 

with a small amount of precipitation (less than 5 mm/day). It is interesting that the 
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NESDIS and PERSIANN products, which are both GOES-derived products, 

show different behavior with respect to FCA, not only in terms of their annual 

average values, but also in terms of its variation with time of year. 

All of the precipitation products have low values of TS (less than 0.6, in 

general) if precipitation is greater than zero. For high precipitation intensity 

thresholds (P > 20 mm/day), values of TS are typically less than 0.1. The ETA 

model-derived product gives noticeably better TS for all but the highest rainfall 

threshold. It is better in 80% of the cases, and much better when P = 0 mm/day. 

The NESDIS product has the highest TS for areas with very heavy precipitation 

(P > 50 mm/day), but its TS for heavy precipitation is nonetheless very low 

although there are few events for that threshold. The TRMM product 

underestimates precipitation, with the domain-average precipitation for this 

product being 2.2 mm/day/cell, while the NESDIS product significantly 

overestimates precipitation, the domain-average precipitation being 5.8 

mm/day/cell..  

In terms of zonal behavior, the ETA model-derived precipitation product 

broadly follows the pattern of observations, but it significantly overestimates the 

peak of precipitation between 10ºS and 10ºN. For latitudes below 10ºS, the 

zonal-average ETA product correlates quite well with observations in the first half 

of the year, but in the second half of 2000 the peak in the zonal-average ETA 

product is north of that for observations (at about 10ºN), and the correlation 

below 10ºS is less good. The TRMM product noticeably underestimates 
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precipitation through most of the year (except in the period October to 

December).  In general, the NESDIS product significantly overestimates 

precipitation.  

Over the 10 months for which predictions are available, the PERSIANN 

product shows reasonably good average agreement, but it overestimates 

precipitation for latitudes north of 15ºS and south of 25ºS. The domain average of 

the observations is 3.3 mm/day (the domain only includes cells which contain 

one or more stations). The ETA model-calculated data and PERSIANN product 

broadly match the domain average observations, with domain averages of 3.07 

mm/day and 3.67 mm/day respectively. In the second and third quarters, the 

NESDIS product has two zones with strong precipitation; one near the Equator 

and one at about 30ºS. The TRMM product and the NESDIS product show 

domain averages of 2.2 mm/day and 5.8 mm/day, respectively. 

 In terms of RMSE, TRMM and ETA are the best products for the N and 

NE regions. NESDIS shows the highest RMSE values in all regions for the whole 

period studied. In the S region, the ETA model has the lowest RMSE for the 

whole period.   

 

7. Summary and Conclusions 

 



75

The fractional covered area (FCA) determines whether the product over- 

or under-estimates the area of precipitation. This is often used in conjunction with 

the threat score (TS), which measures the model's ability to forecast the location 

of events. The relative volumetric bias (RVB), measures the total volume of 

predicted precipitation relative to that observed. The RMSE gives a measure of 

the absolute value of the departure from the observation, while the distribution of 

cross correlation coefficients with distance measures the model ability to 

reproduce the spatial structure of precipitation. These measures were used in 

conjunction with available observations of daily total rainfall across South 

America to evaluate four precipitation products: the 6-hour predictions from the 

CPTEC ETA model, and three different satellite-derived estimates of precipitation 

(PERSIANN, NESDIS, and TRMM).  

In a LDAS context, precipitation generated by the atmospheric model is 

used, along with other forcing information, by the LSM to create a background 

field of land surface states. Remote sensed information along with sparse 

surface data are then assimilated to correct inherent systematic in the land 

surface states errors in the atmospheric model. Thus in this study, the above-

mentioned characteristics of precipitation are analyzed and compared between 

the ETA model and three precipitation products to determine whether 

weaknesses of the former could be addressed by the latter.  It is important to 

remember that the analysis presented here is for only for one year (2000) and 

the number of stations with sufficient observations is limited. However, to be 
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useful in an LDAS context, the precipitation products should reflect as accurately 

as possible spatially distributed precipitation on any given day. This is a stricter 

and more challenging requirement than matching the observed precipitation in 

some average or climatological sense, and this has been the focus of the present 

study. 

The ETA model-calculated data and NESDIS product are broadly 

comparable in terms of success in defining the fractional-covered area of the 

domain with precipitation, the ETA model data being better for low precipitation 

thresholds and the NESDIS product for high precipitation threshold. However, the 

comparative success of the NESDIS product in terms of fractional coverage area 

for high precipitation thresholds may just be a consequence of its tendency to 

heavily overestimate precipitation in general. The NESDIS product is also the 

most successful at identifying the location of areas with very heavy precipitation 

(P > 50 mm), although it is still relatively poor. The ETA model-calculated 

precipitation and PERSIANN product broadly match the zonal average 

observations. However, both tend to bias the zonal location of precipitation 

towards the Equator more than the observations. The PERSIANN product also 

tends to underestimate the area without precipitation, to overestimate the area 

with a small amount of precipitation (less than 5 mm), and has difficulty locating 

areas with and without precipitation. The TRMM product underestimates overall 

precipitation and does not capture the location of precipitation and the fractional 

area with precipitation as efficient as the other products.    
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In general, the ETA model-calculated precipitation outperforms the 

remotely sensed products evaluated in the present study in that it provides the 

best agreement with both the overall observed amount of precipitation and the 

observed location of precipitation. However some specific features merit mention: 

a. The TRMM product has a regional RMSE similar to ETA. 

b. PERSIANN has a better spatial distribution of precipitation cross 

correlation coefficients than ETA in the N and NE areas. This 

suggests that PERSIANN could better explain the evolution of 

precipitation systems in these regions (e.g. squall lines) 

c. TRMM and NESDIS also have better spatial distribution of 

correlation coefficients in the S region, which could be related to 

mesoscale convective complex development and the frontal 

systems that are characteristics of this region. 

d. In the case of FCA, NESDIS outperforms ETA for high 

precipitation thresholds, and the differences are small where 

ETA outperforms NESDIS. 

In South America and other locations where surface observations of 

precipitation are sparse, remotely sensed products could potentially be a 

promising source of information. However, the ETA model-produced precipitation 

fields compared better with gauge observations than with any of the four remote 

sensing-based products evaluated in this study,  though none of the 
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observations used for the comparison were assimilated by the model. From an 

LDAS application point of view this is problematic because it is exactly these 

model fields (i.e. ETA model fields) one would like to improve. At this time, there 

may be an opportunity to correct some of the weaknesses in the ETA product by 

developing a combined ETA-remote sensing product, but significant 

improvement in remotely sensed precipitation fields are necessary before they 

will be of real use in an LDAS context. 
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Table 1. Average fractional-covered area (FCA: Equation 1) for the four 
time periods in 2000 for each of the eight thresholds P (including zero 
rainfall), where n is the number of observations. Shaded boxes highlight the 
highest value for each threshold and time period. 

 
Jan-March ETA TRMM NESDIS PERSIANN 

P = 0 n=137 0.850 0.721 1.029 0.249 
P > 0 n=101 1.085 1.279 0.872 0.471 
P > 5 n=67 0.849 0.309 0.663 0.173 
P>10    n=54 0.686 0.111 0.493 0.113 
P>15    n=48 0.504 0.029 0.382 0.066 
P>20    n=45 0.324 0.005 0.301 0.043 
P>30    n=40 0.088 0.000 0.216 0.023 
P>50    n=36 0.002 0.000 0.122 0.004 

April-June     
P = 0 n=154 1.000 0.339 1.072 0.721 
P > 0 n=85 0.933 2.586 0.848 1.716 
P > 5 n=50 0.712 0.707 0.667 0.745 
P>10    n=39 0.573 0.279 0.522 0.563 
P>15    n=34 0.405 0.091 0.431 0.403 
P>20    n=32 0.262 0.030 0.362 0.276 
P>30    n=27 0.097 0.004 0.297 0.131 
P>50    n=25 0.003 0.000 0.213 0.029 

July-Sept     
P = 0 n=163 1.008 0.327 1.076 0.657 
P > 0 n=76 0.735 2.933 0.704 1.975 
P > 5 n=43 0.422 1.007 0.583 0.816 
P>10    n=34 0.255 0.517 0.467 0.614 
P>15    n=30 0.145 0.237 0.388 0.461 
P>20    n=28 0.063 0.095 0.338 0.336 
P>30    n=25 0.013 0.006 0.282 0.183 
P>50    n=23 0.001 0.000 0.215 0.055 

Oct-Dec     
P = 0 n=145 0.983 0.509 1.025 0.563 
P > 0 n=94 0.967 2.193 0.941 2.135 
P > 5 n=61 0.565 0.540 0.758 0.816 
P>10    n=50 0.366 0.241 0.664 0.586 
P>15    n=46 0.211 0.105 0.583 0.408 
P>20    n=43 0.122 0.042 0.510 0.289 
P>30    n=39 0.030 0.013 0.366 0.145 
P>50    n=36 0.002 0.000 0.240 0.040 
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Table 2.  Average threat score (TS: Equation 2) for the four time periods in 
2000 for each of the eight thresholds P (including zero rainfall), where n is 
the number of observations. Shaded boxes highlight the highest value for 
each threshold and time period. 

 

Jan-March ETA TRMM NESDIS PERSIANN 
P = 0 n=137 0.612 0.408 0.531 0.123 
P > 0 n=101 0.396 0.225 0.165 0.070 
P > 5 n=67 0.325 0.090 0.130 0.037 
P>10    n=54 0.241 0.032 0.087 0.022 
P>15    n=48 0.178 0.009 0.063 0.014 
P>20    n=45 0.116 0.001 0.049 0.009 
P>30    n=40 0.032 0.001 0.030 0.005 
P>50    n=36 0.001 0.000 0.014 0.001 

April-June     
P = 0 n=154 0.712 0.222 0.592 0.459 
P > 0 n=85 0.390 0.242 0.139 0.241 
P > 5 n=50 0.274 0.104 0.081 0.138 
P>10    n=39 0.194 0.042 0.046 0.086 
P>15    n=34 0.133 0.014 0.032 0.054 
P>20    n=32 0.086 0.006 0.026 0.042 
P>30    n=27 0.024 0.001 0.020 0.016 
P>50    n=25 0.001 0.000 0.014 0.004 

July-Sept     
P = 0 n=163 0.713 0.211 0.655 0.450 
P > 0 n=76 0.293 0.182 0.117 0.211 
P > 5 n=43 0.174 0.085 0.069 0.100 
P>10    n=34 0.093 0.043 0.040 0.063 
P>15    n=30 0.051 0.020 0.029 0.046 
P>20    n=28 0.027 0.011 0.022 0.030 
P>30    n=25 0.004 0.001 0.013 0.014 
P>50    n=23 0.000 0.000 0.005 0.004 

Oct-Dec     
P = 0 n=145 0.693 0.316 0.576 0.343 
P > 0 n=94 0.342 0.213 0.136 0.206 
P > 5 n=61 0.213 0.087 0.112 0.097 
P>10    n=50 0.129 0.034 0.084 0.058 
P>15    n=46 0.072 0.012 0.066 0.035 
P>20    n=43 0.038 0.005 0.055 0.023 
P>30    n=39 0.008 0.000 0.039 0.010 
P>50    n=36 0.001 0.000 0.020 0.002 
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Figure 1. Spatial distribution of the valid surface meteorological stations 
across continental South America used for this study. 
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Figure 2. FCA for the 16-day running mean rainfall greater than 5 mm for the 
ETA, TRMM, NESDIS, and PERSIANN precipitation products as a function 
of day of the year during 2000. The 90-day average values for 3-month 
periods are given at the top left of the figure. 
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Figure 3.  TS for 16-day running mean, precipitation greater than 5 mm for 
the ETA, TRMM, NESDIS, and PERSIANN precipitation products as a 
function of day of the year during 2000. The 90-day average values for 3-
month periods are given at the top left of the figure. 
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Figure 4.  The left-hand column shows the zonal average precipitation over 
continental South America for the ETA, TRMM, NESDIS, and PERSIANN 
precipitation products and the observations. The right-hand column shows 
the relative volumetric bias.  Data are shown for four quarters of the year as 
well as the whole year.  

 



91

Figure 5.  TRMM, ETA, PERSIANN and NESDIS rainfall monthly averaged 
RMSE for N, NE and S regions in mm. The vertical bars show the standard 
deviation for each month (NESDIS is plotted in a separate column due to its 
high standard deviation relative to the others). 
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Figure 6.  Cross correlation coefficient versus distance for each valid 
location within each region: North, Northeast and South (6.b, 6.c and 6.d 
respectively). An example of the data distribution and the fitted curve is 
shown for PERSIANN and observations (6.a). The x-axis represents the 
distance in hundreds of Km and the y-axis the cross correlation coefficient. 

(a) (b)

(c) (d)

(a) (b)

(c) (d)
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Abstract 

 

This paper describes a spin-up experiment conducted over South America using 

the Simplified Simple Biosphere (SSiB) land surface model to study the process 

of model adjustment to atmospheric forcing data. The experiment was carried out 

as a precursor to the use of SSiB in a South American Land Data Assimilation 

System (SALDAS). The results from an 11 year-long recursive simulation using 

three different initial conditions of soil wetness (control, wet and dry) are 

examined. The control run was initiated by interpolation of the NCEP/DOE Global 

Reanalysis-2 (NCEP/DOE R-2) soil moisture dataset. In each case the time 

required for the model to reach equilibrium was calculated. The wet initialization 

leads to a faster adjustment of the soil moisture field, followed by the control and 

then the dry initialization. Overall, the final spin-up states using the SSiB-based 

SALDAS are generally wetter than both the NCEP/DOE R-2 and the Centro de 

Previsao do Tempo e Estudos Climaticos (CPTEC – Brazilian Center for 

Weather Forecast and Climate Studies) operational initial soil moisture states, 

consequently modeled latent heat is higher and sensible heat lower in the final 

year of simulation when compared with the first year. Selected regions, i.e. in the 

semiarid northeastern Brazil, the transition zone to the south of the Amazon 

tropical forest, and the central Andes were studied in more detail because they 

took longer periods to spin up (up to 56 months) when compared with other 
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areas (less than 24 months). It is shown that there is a rapid change in the soil 

moisture in all layers in the first 2 months of simulation followed by a subsequent 

slow and steady adjustment: this could imply there is increasing errors in medium 

range simulations. Spin up is longest where frozen soil is present for long periods 

such as in the central Andes. 

 

1. Introduction 

 

The large variations in regional climate and surface characteristics (i.e. 

topography, vegetation, and soil) in South America make climate and weather 

forecasting a challenging task (Goncalves et al. 2005a; Liebmann et al. 1999; 

Marengo et al. 2002). The exchange of heat, moisture, and momentum between 

the land surface and the atmosphere are all highly dependent on land surface 

processes and an accurate initialization of the surface stores of energy and water 

in fully coupled forecast models is critical. To better understand and determine 

the land surface energy and moisture stores for initiating prediction systems and 

to address land surface management issues in South America, a South 

American Land Data Assimilation System (SALDAS) has been created. This 

system is based on the concepts used in the Land Data Assimilation System 

(LDAS: Rodell et al. 2004) used at the NASA’s Hydrology Sciences Branch at 

Goddard Space Flight Center (GSFC). In this study, the LDAS has been adapted 
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to interface with the regional Eta atmospheric model (Janjic, 1979, 1984) that is 

used for weather forecasting at CPTEC (Centro de Previsão de Tempo e 

Estudos Climaticos), the Brazilian Center for Weather Forecasts and Climate 

Studies. It is therefore based on the Simplified Simple Biosphere (SSiB; Xue et 

al. 1991; 2001) Land Surface Model (LSM). The results presented here are the 

first from a series of studies to explore the value of the SALDAS in forecasts 

systems. This study evaluates the spin up characteristics of SSiB when operating 

in the climate of South America and is similar to the evaluation of spin-up 

characteristics for North America, Cosgrove et al. (2003), who compared the 

behavior of several LSMs and found spin up times showed a large spatial 

variation and were correlated most strongly with precipitation and temperature. 

Future research will assess the impact of using SALDAS-generated initial fields 

of soil moisture and soil temperature in weather and climate forecasts. 

The process of a model adjustment to forcing fields (i.e. model spin-up) can 

severely bias land surface simulations and, if not properly recognized and 

understood, could potentially degrade the value of LDAS-calculated initiation 

fields, therefore compromising associated weather and climate simulations. Xue 

et al. (2004) showed that with improved initial soil moisture and vegetation maps, 

the intensity and location of the summer precipitation over East Africa and West 

Asia in a coupled Global Circulation Model that included SSiB were also 

improved. To better understand how the spatial and temporal climate and land 

surface complexities over South America affect SSiB spin-up, the results of three 
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11-year long simulations where analyzed. Forcing data for the same 365-day 

period in 2001-2002 was recursively applied for 11 years in experiments 

initialized with different soil water contents: completely dry (DRY), fully saturated 

(WET), and a control run (CTR) which was initiated from the NCEP/DOE Global 

Reanalysis 2 (NCEP/DOE R-2; Kanamitsu et al. 2002).  

 

2. SSiB Land Surface Scheme 

 

The Simplified Simple Biosphere land surface scheme (SSiB; Xue et. al., 1991) 

used in the CPTEC Eta model simulates biophysical processes by modeling 

vegetation explicitly and is a simplified version of the Simple Biosphere model 

(SiB; Sellers et al. 1986). The SSiB scheme has three soil layers with depths that 

vary according to the vegetation type, and one canopy layer. Their status is 

defined by eight prognostics states (i.e. soil wetness in the three soil layers; the 

temperatures of the canopy, ground surface, and deep soil layer; the liquid water 

stored on the canopy; and the snow stored on the ground). Vertical eddy flux 

transfer is calculated using the Mellor-Yamada second-order closure scheme 

(Mellor and Yamada 1982). Three aerodynamic resistances are specified, 

namely the resistance between the soil surface and the canopy air space (rd); the 

resistance between the canopy and the canopy air space (rb); and the resistance 

between the canopy air space and the reference height (ra). The SSiB forcing 
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variables (taken from the lowest modeled level of the Eta model when operating 

in coupled mode) are precipitation, downward shortwave radiation, downward 

longwave radiation, temperature, humidity, and wind speed. The output variables 

include surface albedo; sensible heat flux; latent heat flux (transpiration and 

evaporation from intercepted water and the soil); momentum flux; ground heat 

fluxes; skin temperature; surface runoff; groundwater runoff; carbon dioxide flux; 

and net photosynthesis rate. SSiB requires the specification of 23 parameters for 

13 ecosystems (i.e. broadleaf-evergreen; broadleaf deciduous trees; mixed 

forest; needle leaf evergreen trees; needle leaf deciduous trees; savanna; 

perennial grassland; broadleaf shrubs with ground cover; broadleaf shrubs with 

bare soil; tundra; desert; crops; and permanent ice). In the present study, the 

default values of these 23 parameters given by Xue et al. (1991) were used for 

each ecosystem. Snow melting and freezing are also taken into account in SSiB 

(Xue et al. 2003). If the canopy/ground temperature is below freezing, the water 

stored on the canopy is frozen and accumulates there as snow and ice. If the 

canopy/ground temperature rises above freezing, accumulated snow begins to 

melt and the water becomes runoff.  

Studies have been made with SSiB coupled to a General Circulation Model 

(GCM) to investigate the impact of land surface changes on the atmospheric 

circulation, precipitation and moisture flux in the Sahel (Xue , 1993; Xue and 

Shukla, 1993); and to study the influence of seasonal variations in crop 

parameters on the U.S. hydrological cycle (Xue et. al., 2001) and the southeast 
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Asia monsoon (Xue et. al., 2004). These studies suggest that the resulting 

changes in the surface energy budget and hydrological cycle can have a 

significant impact on regional climate simulations (Xue et al. 1996).   

 

3. Observed Climatologies 

 

Data used for comparison with the spin up states were those currently used to 

initialize models at CPTEC and the NCEP renanalysis-2 data.  At CPTEC, a 

monthly soil moisture climatology derived from global model simulations forced 

with observations monthly-average temperature and precipitation climatologies 

(Mintz and Serafini, 1992; Mintz and Walker, 1993) are used for the purposes of 

weather and climate simulations. A simple 15-cm bucket model (Manabe, 1969) 

is used with Thornthwaite (1948) evaporation, and soil moisture is derived on a 

global 4 x 5° latitude-longitude grid. The soil moisture data provided by Mintz and 

Serafini (1992) were recently evaluated by Robrock et. al. (1998) as part of the 

Atmospheric Model Intercomparison Project (AMIP) and were found to be 

noticeably different from available observations. These data, linearly interpolated 

to a daily timestep (Wilmott et al. 1995), are currently used in both the 

operational Global Circulation Model (Cavalcanti et al. 2002) and the Eta regional 

model (Chou et al. 2002) at CPTEC. 
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 The NCEP–NCAR reanalysis (R-1) is a 40-year record of global analyses of 

atmospheric fields where land surface, ship, rawinsonde, buoy, aircraft, satellite, 

and other data is quality controled and assimilated using a data assimilation 

system that is kept unchanged over the reanalysis period 1957–96 (Kistler et al. 

2001). The model used is the global system implemented operationally at the 

NCEP on 11 January 1995, except that the horizontal resolution is T62 (about 

210 km).  The NCEP/DOE Reanalysis-2 (R-2) soil moisture analysis is used to 

initiate the CTR run in this study. This analysis is based on the precipitation 

constructed from satellite data and rain gauges, radiation forcing computed from 

atmospheric analysis, and near surface atmospheric analyses. It is an updated 6-

hourly global analysis series from 1979 to the present and corrects known 

processing errors in the NCEP–NCAR reanalysis (R-1) and uses an improved 

forecast model and data assimilation system. Because there is limited soil 

moisture variation over periods less than a month, the soil moisture fields used 

for initializing the CTR run in this study are the monthly average values from 

NCEP/DOE-R2. 

 

4. Experiment design and SALDAS configuration 

 

The experiment consisted of three simulations using different soil wetness initial 

conditions: the first, a control run (CTR) initialized with NCEP reanalysis-2 soil 
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moisture fields; the second, with the soil completely dry (DRY); and the third, with 

a fully saturated soil moisture content (WET). 

An offline, two-dimensional array of SSiB LSMs set up on a 40km x 40 km grid 

across South America (between 50ºS-12ºN and 85ºE-30ºE) was run for 11 years 

using forcing data for the period from March 17, 2001 to March 16 2002 

recursively. March 17, 2001 was selected as the starting date for the repeated 

annual cycle because the year-to-year difference in meteorological forcing 

variables were least for this particular date, and the resulting recursive forcing 

data consequently had a smoother year end transition. The atmospheric forcing 

data used to force SSiB was derived from the global operational weather forecast 

model at NCEP (Derber et al. 1991) which provides 6-hourly, 0.25° global 

coverage for precipitation, downward short wave and longwave radiation, 

temperature, relative humidity, wind speed and atmospheric pressure. Figure 1 

shows (a) average annual net radiation, (b) average annual temperature, and (c) 

total annual precipitation over the study region. There are large climatic 

variations over South America. The annual average net radiation ranges from 

less than 60 Wm-2 in the extreme south, to over 180 Wm-2 in parts of the Amazon 

basin. Similarly for temperature, the Amazon basin has an annual average 

temperature of approximately 300 K and the south of the continent has an annual 

average temperature around 280 K. The average annual temperature is below 

freezing in parts of the central Andes (north of Chile and Argentina and 

southwest Bolivia) and the Peruvian Andes. This can affect the water balance 
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particularly during snow melt (Mocko et al. 1999; Slater et al. 2001; Xue et al. 

2003).   Many southern areas and the western and eastern edges of the 

continent have a very low annual precipitation (less than 700 mm per year). 

Precipitation is particularly low (less than 10 mm per year) in the lowlands north 

of Chile (Atacama desert). However, the Amazon basin has an annual 

precipitation which often exceeds 3000 mm per year.  

The vegetation classification (Figure 2) used in SSiB was taken from the 

University of Maryland (UMD) global, 1-km, AVHRR-based, 13-class vegetation 

database (Hansen et al. 2000). The broadleaf tress in the Amazon basin are the 

dominant ecosystem in the north, whereas in the south the vegetation is much 

sparser and dominated by shrubs, ground cover and bare soil.  The vegetation 

parameters were held constant throughout the simulations. Figure 2 also shows 

the three 5 x 5 degree regions over which further analysis was carried out. These 

regions are in different climate regimes: their vegetation and soil characteristics 

are given in Table 1 and their annual atmospheric conditions for the study period 

in Table 2.  

The selected region in semi-arid northeastern Brazil, hereafter called NE, is 

predominantly covered with broadleaf trees mixed with bare soil. (Note: in SSiB, 

the type of soil present at each location is defined from a look up table.) The NE 

region received a relatively low total accumulated precipitation of 413 mm during 

the period studied. The selected region in the Central area of the continent (CE) 
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is in the Mato Grosso state in Brazil. This region received significantly more total 

accumulated precipitation during the period studied than NE, which is in part due 

to convective activity. The predominant vegetation in CE is tropical forest and soil 

characteristics are very similar to the NE region. The third selected region covers 

the Andes (AN), a mountainous region where the mean temperature is below 

freezing for a significant proportion of the year, and the Atacama desert, which is 

at a lower elevation but which has very low accumulated precipitation (less than 

10 mm). Taken together, this corresponds to an area where the mean annual 

temperature is just above freezing and the precipitation is low. It is predominantly 

covered with broadleaf shrubs mixed with bare soil.  

The criterion often used to define when a model has achieved soil moisture 

equilibrium in a recursive run is when the percentage change in the average 

monthly soil moisture from one year to the next reaches a specified value, the 

percentage change (PC) being given by: 

1 2

2
100 M MPC M

−= ⋅ , (1) 

where M1 is the monthly average soil moisture for the previous year and M2 the 

monthly average soil moisture for the current year. Henderson-Sellers et al. 

(1993) suggest a PC value of 0.01% defines when an LSM to reaches 

equilibrium, while the SSiB modeling group (Yang et al. 1995) suggested a PC 

value of 1%. This study uses both the 0.01% and 1% thresholds, along with the 
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intermediate value of 0.1%. The time necessary for each run to reach the 

threshold is a measure of the minimum required spin up period for the model. All 

the spin up experiments (i.e. CTR, WET and DRY) converged to the same 

preferable final states, demonstrating that the model final states are independent 

of the initial states. These final spin-up states were compared with soil moisture 

climatology currently used at CPTEC and with the NCEP reanalysis-2 soil 

moisture fields. To investigate associated changes in the modeled land surface 

interaction with the atmosphere, surface fluxes were computed and compared 

using the two different soil moisture initiation fields and the final soil moisture 

states after spin-up for each of the three regions (NE, CE and AN) shown in 

Figure 2.   

 

5. Results 

 

5.1 Percentage Change 

 

Over the majority of South America for all the spin-up simulations the time taken 

to reach equilibrium is less than 18 months (Figure 3). Figure 3 shows the 

number of months before the spin up experiment reaches the PC thresholds of 

(a) 1%, (b) 0.1%  and (c) 0.01% in the CTR run. In South America, the regions 
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with most delay in spin-up are those with ice, snow and frozen soil are present 

for long periods of the year, for example over the Andes mountains. Another 

contributing factor to the delay in the spin-up time is low precipitation. Regions 

with low precipitation, such northeastern Brazil and the Atacama desert to the 

north of Chile, have a longer spin up time. In addition, other areas in central 

Brazil, eastern Amazonia, southern Argentina, coastal Ecuador and Colombia 

show up to 24 months delay in the spin up. (Note: Figure 3 shows the spin up 

times only for the CTR experiment because, although the actual number of 

months required to reach a specified threshold differ between the CTR, WET, 

and DRY experiments differ in significant, the areas where the model spin up 

take 24 or more months are essentially the same.) 

In a similar study conducted over North America using the Mosaic LSM, 

Cosgrove et al. (2003) found longer spin up times. The initial soil moisture states 

in their CTR run  were closer to the final spin up states than their WET and DRY 

runs and consequently reached equilibrium more quickly but nonetheless took 5 

years to spin up (their WET run took 12-24 months and DRY run 30-50 months 

longer than this). In this study, the WET run reached the equilibrium most quickly 

because, as we show later, the preferred (i.e. equilibrium) states for SSiB after 

spin up are moister and nearer to the WET initiation than to the generally fairly 

dry CTR initiation. For the period studied by Cosgrove et al. (2003), the total 

annual precipitation over the North American continent rarely exceeded 1000mm, 

but the annual precipitation in South America generally exceeds 1000mm (except 
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for in Northeastern Brazil and the Andes mountains and for latitudes south of 

33S) and even reaches 5000mm in some tropical regions. There is also little 

variation in temperature through the year in South America: temperatures ranges 

from 290K to 300K, on average. Differences in vegetation may also influence 

spin up time and are different in North and South America. The predominant 

covers in South America are tropical rainforest, broadleaf and needleleaf trees, 

broadleaf trees, with ground cover, croplands, and broadleaf trees with shrub. 

Predominant covers in North America are evergreen needleleaf forest, cropland, 

mixed cover, open shrub and wooded grassland. It is possible that the more 

abundant vegetation associated with the higher precipitation regime increases 

the speed with which the LSM adjusts soil moisture in South America. 

The average number of months necessary to reach a given PC threshold (1%, 

0.1% or 0.01%) for the three regions in all simulations is shown in Table 3. Table 

4 shows the maximum time in months to reach a given PC threshold. Note that 

the values in Table 4 are not an area averages, rather they represent a single (40 

km x 40 km) cell. It is interesting that although the average time taken to reach 

equilibrium in the NE region increases as the threshold decreases (from 1% to 

0.1% to 0.01%), the time to threshold is very similar for each initial state (i.e. 

WET, CTR, or DRY). In the CE region, the time required for the model to reach 

equilibrium range between 14 and 16 months for all PC thresholds and is 

therefore, on average, 3 months less than in the NE. This may be explained by 

the higher total annual precipitation (three times larger) in the CE region. The 
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average time necessary for the model to reach equilibrium in the AN region is up 

to 11 months more (see, for example the value for a PC of 0.01% in the DRY 

simulation) than in the NE and CE regions. This is likely a result of a combination 

of low precipitation, the presence of frozen soil during significant proportions of 

the year, and low net radiation - a result of the high albedo due to partial snow 

and ice cover.  With the DRY initialization, parts of the AN region take up to 42 

months to reach the 1% PC threshold, 46 months to reach the 0.1% PC 

threshold, and 51 months to reach the 0.01% PC threshold.  On average there is 

a greater difference in spin-up times between the WET and DRY initializations in 

this region. Perhaps this is because of the way SSiB partitions infiltration and 

runoff in the presence of frozen soil, which may lead to an rapid runoff of excess 

water when snow melts or it rains. When the soil is already saturated (as in the 

WET initialization), the model needs to discard the excess moisture quickly and 

the equilibrium state is thus less dependent on the external inputs (snow melt 

and precipitation).    

 

5.2 Comparison with NCEP/DOE Reanalysis-2 and CPTEC soil moisture fields 

 

The monthly average NCEP/DOE-R2 soil moisture for March used as the initial 

state for the CTR simulation was compared with the soil moisture field derived 

from SSiB for March in the last year of the simulation. Figure 4 shows the 
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percentage difference between the NCEP/DOE-R2 and preferred (ultimate) SSiB 

states. Positive values (green) mean the NCEP/DOE-R2 is larger and negative 

values mean the SSiB states are larger. Over the majority of South America, the 

SSiB total column soil moisture final state is wetter than the NCEP/DOE-R2 initial 

field (Figure 4a). The percentage difference is highest in semi-arid northeastern 

Brazil, central Argentina, and the north of Venezuela. The remaining areas show 

differences between 10% and 80%, except the north of Chile, northwestern 

Argentina, and southwestern Bolivia, including the central Andes and Atacama 

desert. In the root zone (Figure 4b) the areas where the final spin-up states are 

wetter than the NCEP/DOE-R2 soil moisture are similar to the those for total 

column, except in the region from central Argentina to south of Amazonia where 

the percentage differences are noticeably smaller. A more detailed analysis of 

the differences between the initial and final states of simulations for the NE, CE 

and AN regions is given later. 

Figure 5 shows the percentage difference in the soil moisture between the SSiB 

final states and the climatological fields used for initialization at CPTEC. The total 

column spin up states are more than 120% larger than CPTEC initial states over 

an area that covers northeast Brazil and extends towards central South America. 

Most of Argentina (except eastern areas close to Uruguay and southern Brazil), 

southern Bolivia, and western Peru along the west side of Andes also have spin-

up soil moisture states which are more than 120% larger than the CPTEC fields. 

In general, positive differences occur over most of the continent, except eastern 
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Argentina; southern Uruguay (a region of winter wheat in the La Plata basin); 

southern Chile; and northern parts of the Amazon tropical forest. The differences 

in the root zone soil moisture (Figure 5b) are very similar to the total column 

differences (Figure 5a) although in northern latitudes the percentage differences 

are smaller, between –10% and 10%, compared with the 40% of the total column 

soil moisture.   

 

5.3 Differences between first (reanalysis) and last (spin up) years of simulation 

 

A more detailed comparison between the NCEP/DOE-R2 reanalysis soil moisture 

fields and the preferred SSiB final states was carried out for the NE, CE, and AN 

regions. Figures 6a,b respectively show the NE region monthly average total 

column soil moisture and root zone soil moisture for the first year (dashed line) 

and last year (solid line) of the simulation. Figure 6c shows the total monthly 

precipitation (bar plot), surface temperature for the first (red line with stars) and 

last years (red line with circles) and also the total evapotranspiration for the first 

(black line with stars) and last years (black line with circles). Figures 7 and 8 

show the same variables for the CE and AN regions respectively.   

In the NE region, the soil moisture adjusts to its final state rapidly. After the first 3 

months of simulation there is little difference between the first and last year of the 
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simulation. In the first two months the precipitation is slightly greater than the 

evapotranspiration, creating a positive input into the system (although runoff is 

not shown, there is still has a net positive input) which helps resolve the initial 

water deficit. There is little change in either the evapotranspiration or the surface 

temperature between the first and last year of the simulation. In fact, the monthly 

average soil temperature does not change significantly from the first to the last 

year, keeping its value relatively constant throughout the year (20°C ± 3°C). 

Although evapotranspiration is higher than precipitation most of the year, there is 

no evidence of a decrease in the total column soil moisture during the 11 years of 

simulation. This is discussed further later. 

 In the CE region, the total column soil moisture (Figure 7a) takes longer - 

between 5 to 6 months - to reach average final states values. This is despite the 

monthly net water input being much larger in the first months of simulation than in 

the NE region. This delay may be related to differences in the vegetation 

characteristics. The CE region is 75% covered by tropical forest and the NE 

region 61% by broadleaf trees with bare soil. The evapotranspiration in the CE 

region is almost entirely due to the extraction of the water from the root zone. 

This is in contrast to the NE region where a significant portion of the total 

evapotranspiration is from bare soil. The use of the soil moisture to support 

transpiration could delay the adjustment of soil water deficit a few months as 

shown in Figure 7a, although the root zone soil moisture in the CE region does 

not experience the same delay when compared to the root zone in the NE region. 
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This also could be a result of continuous extraction from the root zone of excess 

water that, in NE, would move downwards to the drainage layer. The CE region 

is a transition zone (albeit 75% of the vegetation cover is tropical forest) which 

receives less total annual precipitation than other areas with similar vegetation 

(see Figure 1c). More abundant precipitation likely feeds both evapotranspiration 

and soil deficit demands in the first year of simulation with the same vegetation 

characteristics (temperature does not change substantially in the tropical area, 

see Figure 1b).  

In contrast to the other two regions, the AN region shows a difference in soil 

moisture at the end of the first year of the simulation (Figures 8a,b). The total 

column and root zone soil moisture experience a rapid increase between the first 

and second months and then continue to increase steadily for the remainder of 

the first year. The evapotranspiration is constant through the year and is slightly 

larger in the last year. The monthly average soil temperature remains below 

freezing from the second to the eleventh months in the first year, and in all 

months except December in the last year of simulation. The implications of long 

periods of frozen soil are that the precipitation is almost entirely partitioned into 

snow accumulation and runoff (not shown). If ice is present, the infiltration 

decreases and the snow pack last longer because frozen soil prevents melting 

from below. The AN region (Figure 2 and Table 1) is predominantly covered by 

shrubs with bare soil (type 9), with a shallow root depth of 47cm and with a 1m 

for drainage layer, and is 31% bare soil (type 11), with root and subsurface zones 
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of 17cm and 30 cm, respectively. The coverage characteristics and the low total 

annual precipitation of 178 mm (see Table 2) associated with the (almost 

permanent) frozen soil complicate the interaction between the soil and the 

atmosphere and slow the process of soil moisture adjustment.   

 

5.4 Differences in heat fluxes between the first and last year of spin up  

 

The mean diurnal cycles of the latent, sensible and ground heat fluxes are shown 

in Figures 9 (NE), Figure 10 (CE) and Figure 11 (AN) for the first and last years 

of the simulation. Values shown are 3-hourly averages. In the NE region (Figure 

9), the sensible heat flux is larger than the latent heat flux as is expected for semi 

arid environment. In the final year the latent heat flux is, on average, 17.5 W m-2 

greater than in the initial year (Figure 9a), with a maximum difference between 

the two of 60 Wm-2 around 9 AM (local time). The sensible heat decreases by, on 

average, 13.2 Wm-2 (Figure 9b) and there was little change in the ground heat 

flux (Figure 9c). This decrease in the Bowen ratio is likely a result of the increase 

in the available soil moisture in all soil layers.  

In the CE region, which is mainly a tropical region, most of the available energy is 

released as the latent heat flux. However, as for the NE region, there is an 

increase in the amount of water in the soil in the last year compared with the first 
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year, and a decrease in the Bowen ratio (Figure 10a,b). The mean difference in 

the diurnal cycle of the latent heat is 24.0 Wm-2 with a maximum difference of 75 

Wm-2 at 12 PM. The sensible heat decreased overall by 17 Wm-2, with a 

maximum difference of around 70 Wm-2 at 12 PM. Again there was minimal 

change in the ground heat flux. 

In the AN region, frozen soil, ice, and snow is expected for most of the year 

(Figure 8c). This leads to a reduced albedo. The ground heat flux (Figure 11c) is 

large, with a maximum of around 150 Wm-2 (at 9 AM local time) and minimum of 

around -100 Wm-2 (at 6 PM local time). The combined latent and sensible heat 

fluxes is much lower than in the other two regions. In general there was little 

change in the diurnal energy balance between the first and last years of the 

simulation. 

 

6. Summary and Conclusions 

 

The present study investigated aspects of the spin up for the SSiB model applied 

over South America. Specifically, it explored the time it takes for this model to 

adjust soil moisture in response to atmospheric forcing, and the differences in 

modeled moisture states (and related surface fluxes) between values defined 

from the NCEP/DOE Global Reanalysis 2 (NCEP/DOE R-2: Kanamitsu et al. 
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2002) data set and the equivalent states calculated by SSiB as equilibrium states 

with recursive application of meteorological forcing data for South America. The 

preferred SSiB soil moisture states are also compared with those used at CPTEC 

for climate and weather forecast models. 

A spatial analysis was made of the time required for modeled states to approach 

within specified percentages of their long-term equilibrium values. This revealed 

a marked dependency of spin up time on precipitation regime. Over some 

regions with low precipitation but relatively large evapotranspiration, such as the 

semi arid Northeastern Brazil (NE), or with little precipitation and long periods 

with frozen soil and low near surface air temperatures, such as the Central 

Andes (AN – north of Chile, northwest Argentina and southwest Bollivia), or in 

transition zones, such as the southern limits of the Amazon tropical forest in the 

Brazilian state of Mato Grosso (CE), the model can take many months (even 

several years) to reach equilibrium. However, over regions where precipitation is 

abundant (e.g. the tropical Amazon forest) or well distributed through the year 

(southern and central South America and coastal areas), the model reached 

equilibrium in less than 18 months. In this study, spin times are, in general, 

noticeably less than those found by Cosgrove et. al. (2003) for the Mosaic model 

applied in North America. Arguably this is related to the more abundant 

precipitation and the more prevalent presence of denser vegetation cover.  
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The final soil moisture states calculated by recursive application of forcing data 

with SSiB are, in general, moister than those derived from the NCEP/DOE R-2 

reanalysis fields except in southeastern Argentina and central Andes (AN). The 

impact of using different specifications of initial states was also investigated for 

three regions (NE, CE and AN) in more detail. In the NE and CE regions, the 

preferred SSiB soil moisture states are moister than the NCEP/DOE-R2 and 

moister still than the climatological soil moisture states used at CPTEC for 

routine whether and climate simulations for South America. Consequently, there 

is an average increase in the latent heat flux and decrease in sensible heat flux, 

suggesting a potential impact on precipitation and perhaps atmospheric 

circulation. In the AN region, where the soil temperature is below freezing most of 

the year, the preferred SSiB states are drier than the NCEP/DOE-R2 soil 

moisture states, resulting in a decrease in the latent heat flux and an increase in 

the sensible heat flux. Note that, unlike NCEP/DOE-R2, the CPTEC soil moisture 

states in this region (AN) are drier than the preferred SSiB states. 
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Figure 1. Average annual net radiation in W m-2 (a), temperature in K (b), total annual precipitation in mm (c) from
March, 2001 to March, 2002.
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Figure 2. Vegetation cover classification over South America. Type 1 is tropical rainforest; type 2 is broadleaf
deciduous trees; type 3 is broadleaf and needleleaf trees; type 4 is needleleaf evergreen trees; type 5 is needleleaf
deciduous trees; type 6 is broadleaf trees with ground cover; type 7 is grassland; type 8 is broadleaf shrubs with
ground cover; type 9 is broadleaf shrubs with bare soil; type 10 is dwarf trees with ground cover; type 11 is desert;
type 12 is crops.
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Figure 3. Number of months necessary to reach the PC thresholds of 1% (a), 0.1% (b) and 0.01% (c) for CTR
simulation. The regions of interest (NE, CE and AN) are shown as dashed white boxes.
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Figure 4. Total column (a) and root zone (b) soil moisture percent differences between last (SSiB preferable
states) and first (NCEP/DOE R-2) months in the CTR simulation. Positive values mean final states higher than
NCEP/DOE R-2. The regions of interest (NE, CE and AN) are shown as dashed white boxes
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Figure 5. Total column (a) and root zone (b) soil moisture percent differences between last (SSiB preferable
states) and CPTEC initial states. Positive values mean final states higher than CPTEC. The regions of interest
(NE, CE and AN) are shown as dashed white boxes.
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Figure 6. Monthly mean in the first (dashed) and last (solid) years of spin up for the total column soil moisture (a)
and root zone soil moisture (b) for region NE. Figure 6c shows the atmospheric forcing precipitation (in mm) and
the soil temperature (in C; in red) and the evapotranspiration (in mm; in blue) for the first (line with stars) and final
(line with circles) years of simulation.
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Figure 7. Monthly mean in the first (dashed) and last (solid) years of spin up for the total column soil moisture (a)
and root zone soil moisture (b) for region CE. Figure 6c shows the atmospheric forcing precipitation (in mm)
and the soil temperature (in C; in red) and the evapotranspiration (in mm; in blue) for the first (line with stars)
and final (line with circles) years of simulation.

Ro
ot 

Zo
ne

 S
oil

 M
ois

tur
e 

(m
m)

To
tal

 C
olu

mn
 S

oil
 M

ois
tur

e 
(m

m)

Pr
ec

ipi
tat

ion
 (m

m)
Ev

ap
otr

an
sp

ira
tio

n (
mm

)
So

il T
em

pe
rat

ure
 (C

)

Central (CE)

Month

First year
Last year

First year
Last year

(c)

(a) (b)

Month Month

Ro
ot 

Zo
ne

 S
oil

 M
ois

tur
e 

(m
m)

To
tal

 C
olu

mn
 S

oil
 M

ois
tur

e 
(m

m)

Pr
ec

ipi
tat

ion
 (m

m)
Ev

ap
otr

an
sp

ira
tio

n (
mm

)
So

il T
em

pe
rat

ure
 (C

)

Central (CE)

Month

First year
Last year
First year
Last year

First year
Last year
First year
Last year

(c)

(a) (b)

Month Month



134

Figure 8. Monthly mean in the first (dashed) and last (solid) years of spin up for the total column soil moisture (a)
and root zone soil moisture (b) for region AN. Figure 6c shows the atmospheric forcing precipitation (in mm)
and the soil temperature (in C; in red) and the evapotranspiration (in mm; in blue) for the first (line with stars)
and final (line with circles) years of simulation.
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Figure 9. Mean annual diurnal cycle of latent (a), sensible (b) and ground (c) 
heat flux in W m-2 for the first (dashed line) and last (solid line) years of 
simulation for region NE. The diurnal cycle has a 3-hourly average interval. 
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Figure 10. Mean annual diurnal cycle of latent (a), sensible (b) and ground (c) 
heat flux in W m-2 for the first (dashed line) and last (solid line) years of 
simulation for region CE. The diurnal cycle has a 3-hourly average interval. 
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Figure 11. Mean annual diurnal cycle of latent (a), sensible (b) and ground (c) 
heat flux in W m-2 for the first (dashed line) and last (solid line) years of 
simulation for region AN. The diurnal cycle has a 3-hourly average interval. 
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Table 1. Surface (SUR), root (ROO) and subsurface (SUB) depths, for the first 
and second vegetation types (TYPE) with higher coverage (COV), in the NE, 
CE and AN regions. 

 
TYPE COV 

(%) 
SUR 
(m) 

ROO 
(m) 

SUB 
(m) 

POR TYPE COV 
(%) 

SUR 
(m) 

ROO 
(m) 

SUB 
(m) 

POR

NE 6 75 0.02 1.48 2.0 0.42 3 19 0.02 1.48 2.0 0.42
CE 1 61 0.02 1.48 2.0 0.42 6 17 0.02 1.48 2.0 0.42
AN 9 58 0.02 0.47 1.0 0.44 11 31 0.02 0.17 0.3 0.44

Table 2. Total annual precipitation (mm), mean annual temperature (K) and 
mean annual net radiation (W m-2) in the NE, CE and AN regions for the 
period used in the simulations 

 
Total annual 

precipitation (mm) 
Mean annual 

temperature (K) 
Mean annual net 
radiation (W m-2)

NE 413 300 147 
CE 1374 298 162 
AN 178 275 117 

Table 3. Average number of months necessary for the total column soil moisture 
to reach 1%, 0.1% and 0.01% PC within the regions NE, CE and AN. 

 
1% PC 0.1% PC 0.01% PC 

CTR WET DRY CTR WET DRY CTR WET DRY 
NE 15 14 15 17 17 17 18 18 18 
CE 16 14 16 16 14 16 16 14 16 
AN 20 17 22 23 20 25 25 22 27 

Table 4. Maximum number of months necessary for the total column soil 
moisture to reach 1%, 0.1% and 0.01% PC within the NE, CE and AN 
regions. 

 
1% PC 0.1% PC 0.01% PC 

CTR WET DRY CTR WET DRY CTR WET DRY 
NE 24 24 24 24 24 24 24 24 24 
CE 19 19 20 19 19 20 20 19 21 
AN 35 22 42 41 24 46 46 32 51 
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APPENDIX D 

 

IMPACT OF DIFFERENT INITIAL SOIL MOISTURE FIELDS ON ETA MODEL 

WEATHER FORECASTS FOR SOUTH AMERICA 

 

(To be submitted to Journal of Geophysical Research) 
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Abstract 

 

Two 7-day weather simulations were made for South America in July 2003 and 

January 2004 (in the south hemisphere summer and winter) to investigate the 

impacts of using different soil moisture initialization fields in the Eta model 

coupled to the Simplified Simple Biosphere (SSiB) land surface model.  The 

alternative initial soil moisture fields were (a) the soil moisture climatology used 

operationally by the Centro de Previsão do Tempo e Estudos Climáticos in 

Brazil, and (b) the soil moisture fields generated by a South American Land Data 

Assimilation System (SALDAS) based on SSiB. When the SALDAS soil moisture 

fields were used there was an increase in the model performance relative to 

climatology in the equitable threat score calculated with respect to observed 

surface precipitation fields, and a decrease (up to 53%) in the root mean square 

error relative to the NCEP analysis of the modeled geopotential height at 500 

hPa and mean sea level pressure. However, there was no noticeable change in 

the model skill in positioning the primary South American weather systems. 
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1. Introduction 

 

Soil moisture significantly impacts climate and weather simulations in 

numerical models by affecting the partitioning of energy between latent and 

sensible heat due to differences in the availability of heat and water at the 

surface. In this way, the initial soil moisture prescribed in a model can affect not 

only the near-surface air temperature and humidity, but also local atmospheric 

circulations and precipitation. 

Several studies have investigated the sensitivity of atmospheric models to 

soil moisture changes at different time scales in both seasonal and short term 

simulations. Shukla and Mintz (1982) showed that simulated precipitation 

increases when using a wet initialization rather than dry initiation of land 

surfaces. By running a General Circulation Model (GCM) for several thousands 

of years, Koster et al. (2000) concluded that predictions of precipitation are most 

influenced by soil moisture in the transition zones between humid and dry 

climates.  Fennessy and Shukla (1999) and, more recently, Zhang and 

Frederiksen (2003) suggested that including observed soil moisture data in the 

initial conditions used in a model improves seasonal forecasts. At reduced 

temporal and spatial scales, it has been shown that the initiation of moist 

convection can be influenced by the spatial distribution of soil moisture (Pielke, 

2001; Weaver and Avissar, 2001; Findell and Eltahir, 2003a,b). While Kanamitsu 

et al. (2003) investigated the predictability of soil moisture and temperature in the 
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NCEP Seasonal Forecast System using climatological and NCEP-DOE 

Reanalysis 2, and found improved model skill over arid and semiarid regions 

where initial soil moisture conditions are critical. 

Although there has been considerable progress in the methodology of soil 

moisture data assimilation (Houser et al. 1998; Walker and Houser 2001; 

Margulis et al. 2002; Reichle et al. 2002 ; Reichle and Koster 2003 ; Crow and 

Wood 2003 ; Seuffert et al. 2003 ), the lack of observations in regions such South 

America still compromises numerical simulations. Consequently, in South 

America, the use of a Land Data Assimilation System (Rodell et al. 2004) 

represents a promising alternative for ingesting ground-based and satellite 

observational data products by using land surface modeling and data 

assimilation techniques to generate optimal fields of land surface states and 

fluxes and initial fields of soil moisture.  

Over the past few years, there has been an increasingly effort to use 

regional models to better represent mesoscale processes, topography, coastal 

geometry, and land surface characteristics in South America, although several 

aspects of regional climate modeling such as resolution, lateral boundary 

conditions, initialization, spin-up time, and model variability remain poorly 

assessed (Giorgi and Mearns, 1999; Weisse et al. 2000; Tanajura, 1996). 

Tanajura and Shukla (2000) investigated the influence of the Andes on South 

American summer climate using the Eta model reinitialized every 48 hours. Chou 

et al. (2000) also used the Eta model over South America to make a detailed 
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investigation of forecasts made with the Centro de Previsão de Tempo e Estudos 

Climáticos/Center for Ocean-Land-Atmosphere Studies (CPTEC/COLA) GCM 

(Bonatti, 1996) during opposite phases of the annual precipitation cycle. Seluchi 

et al. (2003) used the Eta model to study the extremely dry warm wind that 

occurs east of the Andes Cordillera (called the Zonda) that has an orographic 

origin similar to that of the Foehn that blows in Germany and Austria and the 

Chinook that occurs east of the Rocky Mountains. Chou et al. 2002 made a 

validation study of the Eta model coupled with a simplified version of Sellers et al. 

(1986) Simplified Simple Biosphere model (SSiB; Xue et al. 1991) over South 

America by performing 1-month simulations in the dry and wet seasons. This 

model is hereafter referred to as the “Eta-SSiB model”.  

The present work investigates the impacts of soil moisture initialization in 

the Eta-SSiB model operating over South America with 40 km spatial resolution. 

The model is initialized using two different soil conditions. One is the soil 

moisture climatology used operationally at CPTEC, the resulting runs being here 

referred to as the control runs (CTR runs). The second used a product derived 

from a 3-year South American LDAS run made with an offline version of SSiB 

forced by the Global Data Assimilation System (GDAS) atmospheric fields for 

South America, the resulting being here referred to as SALDAS runs. Two 7-day 

runs were performed during the austral winter (in the dry season, in July 2003) 

and summer (in the wet season, in January 2004) using these different initial soil 

moisture conditions. The resulting 72 hours forecasts were then compared with 
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each other and with observations. The models used are described in Sections 2 

and 3 and the soil moisture initialization procedures in Section 4.  Methods and 

analysis are explained in Section 5 and results presented in Section 6. Section 7 

gives a summary and the conclusions.  

 

2. Eta Model 

 

The Eta model is currently used as the primary regional model at CPTEC 

and is widely used at several other research and weather forecast centers 

worldwide. The version used at CPTEC was originally derived from that used at 

the National Center for Environmental Prediction (NCEP) and calculates 

prognostic variables (i.e., temperature, specific humidity, horizontal wind 

components, surface pressure, turbulent kinetic energy and cloud water) on a 40-

km semi-staggered Arakawa E grid (Arakawa and Lamb, 1977) that covers most 

of South America and adjacent oceans.  

The Eta Model has the characteristic that it represents mountains as steps 

(Bryan 1969) and it preserves all important conserved properties in its finite-

difference schemes (Mesinger et al. 1988). An improved Betts–Miller–Janjic 

scheme (BMJ; Betts 1986; Betts and Miller 1986; Janjic 1994) is employed to 

represent deep and shallow convection. The formulation of the large-scale 

condensation is conventional in this version of the Eta Model, and includes the 
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evaporation of precipitation in unsaturated layers below the condensation level 

(Janjic 1990). In the present study, the model was specified to have 28 levels, 

with the top of the atmosphere at 50 hPa. The vertical resolution is higher near 

the ground and near the tropopause. In the model runs, initial and lateral 

boundary conditions were taken from NCEP/GCM analyses in the form of 

spectral coefficients with T62 triangular truncation (equivalent to 1.825°
resolution) in both the meridional and zonal directions. The 28 vertical layers 

were updated every 6 hours. Observed weekly-average sea surface 

temperatures were used. The initial land surface albedo was also taken from the 

seasonal climatology routinely used at CPTEC, with subsequent values then 

calculated by SSiB. 

3. SSiB Land Surface Scheme 

 

The Simplified Simple Biosphere land surface scheme (SSiB: Xue et. al. 

1991) used in the CPTEC Eta model is a simplified version of the Simple 

Biosphere model (SiB; Sellers et al. 1986). It simulates biophysical processes by 

modeling vegetation explicitly. The SSiB scheme has three soil layers and one 

canopy layer, with eight prognostics variables (i.e. soil wetness in three soil 

layers; the temperatures of the canopy, ground surface, and deep soil layers; and 

the liquid water stored on the canopy and snow stored on the ground). The SSiB 
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forcing variables (taken from the lowest modeled level of the Eta model) are 

precipitation, downward shortwave radiation, downward longwave radiation, 

temperature, humidity, and wind speed. The output variables are surface albedo; 

the sensible heat flux; latent heat flux (transpiration and evaporation from 

intercepted water and the soil); momentum flux; ground heat fluxes; skin 

temperature; surface runoff’; groundwater runoff; carbon dioxide flux; and net 

photosynthesis rate. SSiB requires the specification of 23 parameters for 13 

ecosystems (i.e. broadleaf-evergreen; broadleaf deciduous trees; mixed forest; 

needle leaf evergreen trees; needle leaf deciduous trees; savanna; perennial 

grassland; broadleaf shrubs with ground cover; broadleaf shrubs with bare soil; 

tundra; desert; crops; permanent ice). In the present study, the default values of 

the 23 parameters given by Xue et al. (1991) for each ecosystem were used. A 

recent study has been conducted to improve the snow parameterization in SSIB 

(Sun and Xue, 2001; Xue et. al. 2003) but this aspect of the model is not used in 

this study. 

 

4. Eta/SSiB and Its Surface Initialization at CPTEC 

 

The present study uses the Eta model coupled to SSiB (Eta/SSiB model). 

The coupling methodology is described in detail by Xue et al. (2001), which study 

also reports that Eta/SSiB produces more realistic monthly precipitation over 

United States than does the Eta model with a “bucket model” land surface 
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scheme. The Eta/SSiB model evaluated over South America by Chou et. Al 

(2002) remains in use at CPTEC with the initial soil moisture states in weather 

and climate simulations interpolated, for a given day, from monthly values in a 

yearly climatology (Wilmott et al. 1985; Mintz and Serafini, 1981, 1989, 1992; 

Mintz and Walker, 1993). This climatology is based on a bucket model (Manabe, 

1969) with a Thornthwaite (1948) estimate of evaporation and prescribed 

precipitation. However, Robock et. al. (1998) showed that this climatological 

dataset is substantially different to observations and, more recently, Goncalves et 

al. (2005) compared two SSiB offline runs, one initialized by Mintz and Serafini 

soil moisture climatology and other by SSiB spin up fields, and found there were 

significant differences in the calculated latent and sensible heat fluxes, 

particularly in the semi arid regions of South America.   

 

5. Methods and Analysis 

 

The soil moisture initiations used in the CTR runs were those described in 

the previous section. The alternative soil moisture initiation (in the SALDAS runs) 

were calculated using a SSiB-based LDAS system set up over South America 

(SALDAS) starting from soil moisture states taken from a spin up experiment for 

the calendar year 2001 (Goncalves et. al. 2005), with the SALDAS then 

continuously forced by the NCEP/GDAS atmospheric forcing through to June 

2004. Two 7-day experiments were then conducted using Eta/SSiB in July 2003 
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and January 2004, i.e. in the southern hemisphere summer and winter, 

respectively. During each 7-day period, the model initially uses the offline soil 

moisture conditions (either climatological or derived from SALDAS) then runs 

(and updates soil moisture) for 72 hours, with outputs every 24 hours. Figure 1 is 

a schematic diagram illustrating the experiment design. 

For each 7-day experiment, the 24 hour, 48 hour, and 72 hour forecasts 

for the CTR and SALDAS runs were compared with daily precipitation and 

temperature from surface stations and the modeled geopotential height at 500 

hPa and the mean sea level pressure with NCEP/GCM analysis fields.  Because 

direct comparison with the limited upper air soundings available and scarce 

topography-dependent surface observations is problematic, comparison with 

analyzed NCEP/GCM fields derived from these and other (e.g. remotely sensed) 

observations is considered preferable. These analyzed fields at least provide a 

broad measure of the overall behavior of the atmosphere over large areas, such 

as South America. For the purpose of making comparison, the South American 

continent was divided into three regions selected on the basis of prevailing 

weather systems (Chou et al. 2002) and vegetation cover characteristics: the 

three areas, North (N), North East  (NE), and South (S) as shown in Figure 2. 

 

6. Results 

 

6.1 Initial Soil Moisture States 
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In general, the differences between the SALDAS and CTR (climatological) 

soil moisture fields in the three soil layers are greater in January 2004, in the wet 

season, than in July 2003, in the dry season (Figure 3). In January 2004 (Figure 

3a), the fractional wetness of the surface layer in the SALDAS initiation field is 

drier than climatology by up to 0.6 over all of southeastern Brazil, and areas east 

and west of Amazonia, north of Bolivia, and west of Peru. In the root and deep 

soil layers, the SALDAS field is drier than climatology in similar areas, although 

there are significant differences including areas along latitude 10 °S in northern 

Brazil. The SALDAS fields are higher than climatology in all soil layers in the 

northern portion of the continent, in northeast Brazil and regions east of the 

Andes in Chile and coastal Peru, and in southern and western Argentina. The 

differences in the soil wetness in these areas are greatest in the deep soil layer 

and reach 0.8 in south-central Argentina. 

In July 2003, the surface layer shows most difference in those areas 

where the SALDAS field is drier than climatology in all three soils layers. For the 

surface layer, drier areas include southeast Brazil, northern Amazonia, and the 

eastern side of the Andes in Bolivia and Peru, with differences ranging from less 

than 0.2 (in Amazonia and the eastern Andes) to 0.6 (in southeast Brazil). In the 

root layer, there are differences greater than 0.2 only in small areas of 

southeastern Brazil while, in the deep soil layer, there are no areas where the 

SALDAS field is drier than climatology by 0.2. Areas in central Amazonia, north 
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of northeastern Brazil, Argentina, Chile and coastal Peru are where the surface 

layer in the SALDAS field is wetter than climatology, with differences of up to 0.8. 

Areas where the SALDAS field is wetter than climatology in the root zone are 

similar to those for the surface layer, except in central Amazonia (where the 

differences are small) and in northeastern Brazil where there are more areas with 

a differences greater than 0.6. The SALDAS field is greater than climatology in 

the deep soil layer in areas similar to those for the root zone except in central 

Argentina where difference exceeds 0.8 in some places. 

 

6.2 Gridded Precipitation and Outgoing Longwave Radiation (OLR) 

 

One source of observed precipitation data available for use for 

comparison with modeled fields in this study is a 1° x 1° gridded product provided 

from a collaboration between INMET and CPTEC, which was derived from 

surface stations distributed over South America interpolated using a modified 

Cressman (1959) scheme  (Glahn et al. 1985; Charba et al. 1992). However, the 

distribution of surface stations is uneven in South America, and the density of 

stations is low, especially in the Amazon, the Andes, and central Brazil 

(Goncalves et. al, 2005). Moreover, the resolution of the interpolated gridded 

product is coarse compared to the 40 km Eta model resolution.  Clearly this 

gridded product therefore needs to be used with care. 
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In practice, the main difference in the modeled precipitation in the CTR 

and LDAS runs is in the amount of precipitation rather than its location. A 

quantitative comparison between the precipitation fields calculated in the CTR 

and SALDAS simulations is presented in the next section using in situ (rather 

than gridded) precipitation observations. In this section, the interpolated 

precipitation fields described above are used to make a qualitative investigation 

of the Eta model’s ability to simulate the location of the primary precipitation 

systems. This investigation is aided by use of the observed Outgoing Longwave 

Radiation (OLR) fields provided by NOAA-CIRES that can be used to identify the 

approximate location of cloud and, by inference, precipitation. 

Figure 4 shows the observed average precipitation (left), the Eta-SSiB 

model time-average precipitation forecast (center), and the average OLR (right) 

for the period January 5-12, 2004. During this period (in wet season), 

precipitation mainly falls in the center of the continent, organized in continuous 

“bands” northwest to southeast with locally high precipitation in places. There is 

some relatively heavy rainfall northwest of northeastern Brazil, this being linked 

to the Intertropical Convergence Zone (ITCZ) that can be seen in the OLR panel 

over the tropical ocean between the equator and 12N. The model predicts the 

area with precipitation associated with the ITCZ correctly, although the 

precipitation calculated by the model along the north coast of Brazil is not 

observed. However, the Eta-SSiB model does correctly predict the approximate 

location of the northwest-southeast band of precipitation over the continent, and 
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the area with precipitation west of the Northeast Brazil. The apparent difference 

in the area covered by the precipitation between the model and observations are 

arguably explained by the coarse resolution of the gridded observations and the 

poor and sparse spatial distribution of the stations from which these data were 

interpolated. Over the ocean, the modeled precipitation associated with a frontal 

system in the southeast Brazil (as a continuation of the band of precipitation over 

land) appears to be shifted to the south relative to the location indicated by the 

OLR field. 

Figure 5 shows similar results for the drier period of July 3-10, 2003. The 

gridded observations of average precipitation mainly occurs in three regions: 

southern Brazil, south of Chile, and in the northernmost region of the continent 

associated with convection in the ITCZ, which is located further north than it is in 

January. In the southern region, precipitation is produced, mainly, by fontal 

systems and topographic effect, and the Eta-SSib model was able to simulate the 

position of this precipitation correctly. The model does seems to predict the 

position of maximum intensity in the ITCZ a few degrees south of observations, 

although model results in this area may be influenced by the boundary conditions 

of the domain which updated every 6 hours. In the South Atlantic, minimum 

values of OLR agree with the position of frontal precipitation predicted by the Eta-

SSiB model over southeast Brazil and near ocean.  However, the model was not 

able to capture the (albeit limited) precipitation near the coast of northeast Brazil 
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that may be caused by easterly waves, which common in this area June, July, 

and August.        

 

6.3 Equitable Threat Score and Bias 

 

The equitable threat score (ETS) measures the ability of the model to 

predict the area with precipitation above a given threshold (Anthes et al. 1989; 

Mesinger, 1996). It is defined as: 

H CHETS F O H CH
−= + − − . (1) 

where F is the number of points the model predicts above a specified threshold, 

O is the number of observations above the same threshold, H is the number of 

model “hits”, CH is the number of points corresponding to random” hits”, 

calculated from: 

F OCH N
×= (2) 

where N is the number of points in the verification domain. In this study, the ETS 

was calculated for the following precipitation thresholds: P = 0 mm, P > 0 mm, P

> 5 mm, P > 10 mm, P > 15 mm, P > 20 mm, P > 30 mm, and P > 50 mm. 

The bias score is defined as: 

 FBIAS O= (3) 
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ETS varies from 0 to 1, with higher values indicating better simulations and ETS 

and BIAS are used in combination and a perfect simulation would be equivalent 

to ETS = 1 and BIAS = 1.  

The main interest of this study was to investigate relatively changes in 

model performance. Consequently, percentage change in the ETS and BIAS are 

calculated for the N, NE and S regions shown in Figure 2 when using the 

SALDAS initiation relative to when using the CTR initiation. Recognizing that 

performance is better when ETS and BIAS approaches unity, the percentage 

change in ETS, is give by 

1 1100 1
SALDAS CTR

ETS
SALDAS

ETS ETSPC ETS
− − −= × − (4) 

while the percentage change in the BIAS score is calculated from: 

1 1100 1
SALDAS CTR

BIAS
SALDAS

BIAS BIASPC BIAS
− − −= × − (5) 

Note the sign of the BIAS is not being considered, rather how close its value is to 

unity. 

Figure 6a shows the percentage change in the 24h ETS (top) and BIAS 

(bottom) in January 2004, in the NE (line with star), N (line with crosses), and S 

(dashed line) areas, for the different precipitation thresholds shown on the x-axis 

(in mm). Note that negative values of ETS imply an increase in the model 

performance when using the SALDAS initialization rather than the climatological 

initiation. In the 24 hour forecast, the SALDAS initialization results in a better 
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ETS than does CTR initiation for all regions, with up to 23% improvement for light 

precipitation, and up to 10% for all the others thresholds. In the case of the BIAS 

(bottom panel), for precipitation values up to 6.3 mm there is a degradation in the 

forecast for the N region, but in the NE there is a 25% increase in the 

performance and in the S the performance increases by up to 8%. For the 

thresholds above 6.3 mm, there is an improvement in all regions up to a 

threshold on 38 mm when there is a degradation of 5% in the N and NE areas. 

Figure 6b is similar to Figure 6a but shows the results for the 72 hour 

forecast in the same month (January). In general, the percentage change in ETS 

shows increased performance (top panel) although the picture is less consistent 

for the increased forecast lead time. There is an increase performance in the 

range 0 - 25% in the N and NE regions. In the S region, there is a maximum 

decrease in performance of 20% for the 19 mm threshold and a maximum 

increase in performance of 45% for the 25.4 mm threshold.  In the case of the 

BIAS, there is a 5% decrease in performance for the NE region for thresholds of 

6.3 mm, 25.4 mm and 38.1 mm, but an 12% increase in performance for the 

0.3mm threshold. In the N and S areas, the behavior is broadly similar, with 

increased performance of 15% and 20%, respectively, for the 0.3 mm threshold, 

but then progressively less improvement at higher thresholds, and degraded 

performance for thresholds above 19 mm. 

The ETS and BIAS performance analysis for the Eta-SSiB model for the 

drier month of July 2003 is shown in Figure 7a for the 24 hour forecast, and in 
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Figure 7b for the 72 hour forecast. Because precipitation is generally low across 

the whole continent in this month, only precipitation thresholds less 19 mm 

threshold are significant. For thresholds lower than 2.5mm, the 24 hour forecast 

show an improvement of up to 5% for thresholds less than 6.3mm (light rain) in 

the NE area, and 3% in the other areas. In the case of the ETS, in all regions 

there was some degradation in performance (but less than 1%) for thresholds of 

6.3 and 12.7 mm. In the case of the BIAS, the 24 hour forecast showed 

degradation of up to 10% in all regions for thresholds up to 6.3mm. For the 72 

hour forecast (Figure 7b), in the NE area there is a performance increase in the 

ETS performance of 18% and 30% for the 0.3 mm and 2.5 mm thresholds, but a 

degradation of 20% for a 25.4 mm threshold. The BIAS was improved for 

thresholds lower than 6.3mm for in 72 hour forecast for July 2003, but 

degradation for higher thesholds. 

 

6.4 Surface Temperature 

 

Temperature comparisons are made using the 2-meter modeled 

temperature from Eta-SSiB, this being the height closest to that at which 

temperature observations are usually made at climate stations. The modeled 

temperatures were interpolated to locations where observations were available, 

the difference taken, and contours drawn (Figure 8). Figure 8a shows that the 

average temperature in January 2004 exhibits little variation for latitudes north of 
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15S, the value is close to 28 °C except over the Andes where the values drop 

rapidly with altitude. As might be expected, the temperature also falls further 

south near the coast in southeastern Brazil (24 °C) and in Argentina where the 

values fall off with latitude. 

In general, the CTR runs calculate a temperature that is 2 °C colder than 

the observations across the continent, except for a small area in northeast Brazil, 

where it is 2 °C warmer, and along the east cost south of 25 °S, where it is up to 

6 °C colder than observations. The SALDAS run calculates temperatures that 

show a larger area with 6 °C difference near the coast of southeastern Brazil, 

and 4 °C colder than observed areas in the northeast and north of the continent. 

Over Bolivia, between 15S and 20S, the CTR and SALDAS runs show opposite 

differences: CTR is 8 °C colder than observations and the SALDAS run is 6 °C 

warmer. Recall that this is one of the regions where the SALDAS initial soil 

moisture conditions are moister than the CTR initial conditions.   

 Figure 9 shows that during July 2003 (a dry month), the CTR and 

SALDAS runs are on average 4 °C colder for latitudes north of 25 °S, although 

the CTR run has some regions in northeast Brazil and at the extreme north of the 

continent which are 6 °C colder than observations.  The initial soil moisture for 

the CTR run is drier than for the SALDAS run here (Figure 3) and OLR is higher 

in the winter over the northeast (Figure 5): perhaps the presence of broadleaf 

shrub ground cover (Figure 2) in this semi arid region causes higher nighttime 

radiative cooling. In spite of the fact that Colombia and Venezuela are in a region 



159

with higher precipitation, the CTR run calculates a temperature which is 4 °C 

colder than the SALDAS run, and 6 °C colder than observations. In northern 

Chile and Argentina, where the vegetation cover is mainly dwarf trees with bare 

soil and desert, the CTR run calculates colder temperatures. In these regions 

where, as in northeast Brazil, the precipitation is low and SALDAS initial soil 

moisture conditions are wetter than CTR intitial conditions, the average daily 

temperatures can be as low as 5 °C in July.  

 

6.5 Geopotential Height and Mean Sea Level Pressure 

 

Over each area (N, NE and S), the area-averaged RMSE for the 

geopotential height at 500 hPa and mean sea level pressure were calculated 

between the CTR and SALDAS simulations and the NCEP analysis. The results 

were then compared as the percentage change in order to diagnose the 

improvement or degradation in the RSME for the SALDAS runs relative to the 

CTR runs. The percentage change (PC; %) in each case was calculated from: 

100SALDAS CTR

SALDAS

RMSE RMSEPC RMSE
−= ×  (1) 

Table 1 shows the percentage change in RMSE for geopotential height at 500 

hPa and the mean sea level pressure in January 2004 and July 2003 for the 24 

hour, 48 hour, and 72 hour forecasts.  Negative values mean the errors in the 

SALDAS run are lower than the errors in the CTR run.   
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In January 2004, the percentage change in geopotential height is negative 

for all forecast periods in the N and S regions. In NE region, there are small 

percentage changes (less than unity) in the 24 hour forecast but the RMSE for 

the SALDAS 48 hour run is approximately 7% higher than for the CTR run. The 

maximum percentage change occurs for the 72 hour run in the N region where 

RMSE for the CTR run is 53% higher than for SALDAS run. The RMSE for the 

mean sea level pressure for the CTR run is higher than for the SALDAS run for 

all regions and forecast periods in January 2004, and the differences increase as 

the forecast hours increase, with a maximum percentage change of 32% for the 

72 hour run in the S region. 

In July 2003, the percentage change in the RMSE of geopotential height is 

small and positive in all areas for the 24 hour forecast period. In the NE and S 

the maximum percentage change (-9% and –2.6%, respectively) occurs for the 

48 hour forecast period while, in the N region, the maximum percentage change 

(2.8%) is for the 24 hour forecast period. For the mean sea level pressure, the 

percentage change in RMSE values decreases as the forecast period increases 

for all regions. For the mean sea level pressure, there is just one occurrence of a 

positive percentage change (~1%) for the 24 hour forecast in the N region, while 

the maximum improvement resulting from use of the SALDAS fields is a 

percentage change of 18.6% in the NE region for the 72 hour forecast. 

 

7. Summary and Conclusions 
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In this study, the Eta model coupled to SSiB was run over South America 

with a grid resolution of 40 km and with boundary and initial conditions taken 

from NCEP analysis. The model was initialized using two different soil conditions; 

one, the soil moisture climatology used operationally at CPTEC; the other, the 

product of a 3-year LDAS run using SSiB forced by the GLDAS atmospheric 

fields. Two 7-day runs were performed during the austral winter (the dry season, 

in July 2003) and summer (the wet season, in January 2004) with these 

alternative initial soil moisture conditions. The resulting forecasts of up to 72 

hours were compared against each other and against observations. 

The CTR soil moisture fields were, on average, drier than the SALDAS 

soil moisture fields in both January and July in northeastern Brazil, the inner 

continent, southern portions of Amazonia, and in a region that extends from 

southern Argentina to northern of Peru, with increasingly greater differences at 

greater depth.  In January, the SALDAS soil moisture fields are drier than the 

CTR fields in the inner continent and southeastern Brazil, especially in the 

surface layer. 

 Regardless of which initial soil moisture fields were used, the Eta model 

was able to predict the general location of precipitation in both seasons 

reasonably well. In particular, the model correctly predicted the convective band 

from Peru to southeast Brazil and correctly located the ITCZ in January. In July, 

the Eta-SSiB misplaced the precipitation associated with the ITCZ to some extent 
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compared to OLR fields, but this may be due to the influence of the model’s 

lateral boundary conditions. Nonetheless, the Eta-SSiB model generally did 

predict the position of the precipitation correctly over the continent quite well in 

July although, when compared to the measured OLR, it appeared to displace the 

convection associated with the frontal systems southwards.  

 In January 2004, a quantitative analysis of model precipitation against 

station observations shows that the SALDAS initialization yields a better ETS 

than the CTR initiation for the 24 hour forecast for all regions, with up to 23% 

improvement for light precipitation and up to 10% improvement for all others 

thresholds. There is degradation of the BIAS for light precipitation in the N region, 

but improvement in all other regions. With the SALDAS initialization, the 72 hour 

forecasts also show an overall increase in ETS performance of 20% in all regions 

and for all thresholds. For the same forecast period, there is an average increase 

in performance for BIAS of 10% for thresholds lower than 19 mm but degradation 

in performance above this threshold. Because precipitation is low in July, only the 

precipitation events below the 19mm threshold are significant. For the 24 hour 

forecasts, there was an improvement of 3% in the ETS and a degradation of 

around 5% in BIAS for all regions when the SALDAS initiation fields were used. 

For the 72 hours forecasts, there was an improvement of up to 30% in the ETS in 

the N region, but a degradation of around 5% in the BIAS. 

 The differences between modeled surface temperatures and 

observations are similar for both initiation fields and, on average, about 2 °C
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colder in January and 4 °C colder in July. The SALDAS runs have larger areas 

with temperatures colder than the CTR runs in January, particularly near the east 

coast in southern Brazil and Argentina. In July, the CTR run is colder than the 

SALDAS run in semiarid and desert areas where the initial soil moisture is drier 

and there is greater nighttime radiative cooling.  

 The 500 hPa geopotential height and mean sea level pressure analysis 

show a general improvement in the performance of the model of up to 53% (in 

the N area) when initialized by SALDAS soil moisture fields. Whenever there is 

degradation of performance in predicting the geopotential height or mean sea 

level pressure, the percentage change is less than 10%. 

 In conclusion, the Eta-SSiB showed a general overall improvement in 

performance for all the variables analyzed in this study (precipitation, surface 

temperature, geopotential height, and mean sea level pressure) when initialized 

by the SALDAS rather than the CTR soil moisture fields. However, a more 

detailed small scale analysis is justified for the limited regions where using 

SALDAS fields degrades the model simulation in the present study, including 

areas in northeastern Brazil and some southern areas where the SALDAS fields 

are wetter than the CTR fields. Further investigation of whether there are any 

significant differences in the mesoscale atmospheric circulations modeled by the 

Eta model operating at 40 km resolution is also justified. 
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Table 1. Percentage change in the RMSE for geopotential height at 500 

hPa and mean sea level pressure between the SALDAS and the CTR computed 

for each region (N, NE and S) for the 24 hour, 48 hour and 72 hour forecast 

periods. The percentage change is calculated for January 2004 (top three rows) 

and July  2003 (bottom three rows). Negative values imply RMSE for the CTR 

run is higher than for the SALDAS run. 

 

Mean Sea Level PressureGeopotential at 500 hPa Mean Sea Level PressureMean Sea Level PressureGeopotential at 500 hPaGeopotential at 500 hPa
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Figure 1.  Diagram of the experiment design for the study showing how the 
initial SALDAS fields where generated for the two 72 hour Eta-SSiB runs 
during July 2003 and January 2004. 
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Figure 2.  Vegetation cover classification for South America. Type 1 is 
tropical rainforest; Type 2 is broadleaf deciduous trees; Type 3 is broadleaf 
and needleleaf trees; Type 4 is needleleaf evergreen trees; Type 5 is 
needleleaf deciduous trees; Type 6 is broadleaf trees with ground cover; 
Type 7 is grassland; Type 8 is broadleaf shrubs with ground cover; Type 9 is 
broadleaf shrubs with bare soil; Type 10 is dwarf trees with ground cover; 
Type 11 is desert; Type 12 is crops. The regions where area-average 
analyses were made are N, NE, and S. 
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Figure 3.  Difference (a) in January 2004 and (b) in July 2003 between the 
SALDAS and CTR initial soil moisture fraction (in the range 0 to 1), for the 
surface layer (left panels), root zone (center panels), and deep soil layer 
(right panels).  

 



175

Figure 4. For January 2004, interpolated surface observations of precipitation (left), 72-hour Eta-SSiB
precipitation forecast (center), and outgoing longwave radiation (OLR: right).
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Figure 5. For July 2003, interpolated surface observations of precipitation (left), 72-hour Eta-SSiB
precipitation forecast (center), and outgoing longwave radiation (OLR: right).
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Figure 6  (a) Percentage change in the 24-hour forecast ETS (top) and 
BIAS (bottom) in January 2004, in NE (line with star), N (line with crosses) 
and S (dashed line), for the different precipitation thresholds shown on the x-
axis (mm). (b) Percentage change in the 72-hour forecast ETS (top) and 
BIAS (bottom) in January 2004, in NE (line with star), N (line with crosses) 
and S (dashed line), for the different precipitation thresholds shown on the x-
axis (mm). 
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Figure 7  (a) Percentage change in the 24-hour forecast ETS (top) and 
BIAS (bottom) in July 2003, in NE (line with star), N (line with crosses) and S 
(dashed line), for the different precipitation thresholds shown on the x-axis 
(mm). (b) Percentage change in the 72-hour forecast ETS (top) and BIAS 
(bottom) in July 2003, in NE (line with star), N (line with crosses) and S 
(dashed line), for the different precipitation thresholds shown on the x-axis 
(mm). 
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Figure 8. Observed surface temperature (left), and differences between the temperature calculated in the
CTR run and observations (center), and between the temperature calculated in the SALDAS run and
observations (right) for the 72- hour forecasts in January 2004.
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Figure 9. Observed surface temperature (left), and differences between the temperature calculated in the CTR run
and observations (center), and between the temperature calculated in the SALDAS run and observations (right) for
the 72- hour forecasts in July 2003
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