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ABSTRACT: In this work, surface fluxes and 
precipitation simulated by the Weather Research and 
Forecasting (WRF) model are evaluated for the 2008 
dry-to-wet transition in the Amazon region. WRF land 
use is updated with PROVEG data for the Amazon 
region, and albedo and greenness fraction are estimated 
from MODIS NDVI satellite data. Soil moisture is 
initialized from the GPNR product, based on assimilation 
of TRMM precipitation data in an offline hydrological 
model. Simulations using original (BM) and updated 
(ND) data were performed for Nov. – Dec. 2008 using a 
30/10km nested grid configuration covering South 
America and the Amazon Basin, respectively. 

LBA flux tower data from forest and pasture sites 
in Rondônia were used to evaluate the average diurnal 
cycle of surface radiation and heat fluxes. Both 
simulations were in agreement with observed sensible 
heat (H) fluxes, but overestimated surface latent heat 
(LH) fluxes at both sites, although the ND simulation 
showed some improvement in LH. Incoming shortwave 
and net radiation fluxes were also higher than observed 
for both simulations at both sites, but the ND case 
showed reduced fluxes at the pasture site.  

3-hr TRMM 3B42 precipitation data were used to 
evaluate average hourly precipitation for the 10km 
domain and the average diurnal cycle of precipitation for 
5° x 5° sub-domains. Both simulations overestimated  
peak rainfall rate and average hourly precipitation 
compared to TRMM, particularly in the southern 
Amazon, although the ND case showed some 
improvement. The timing of peak precipitation (14 LT/18 
UTC) was in agreement with TRMM. 
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1. INTRODUCTION 
 Major uncertainties remain in characterizing 
emissions, photochemical processes and pollutant 
transport in the Amazon basin, due in part to lack of 
observations. The LBA/BARCA campaign collected 
Amazon basin-wide aircraft measurements of trace 
gases and aerosols during the dry-to-wet transition of 
2008, with the aims of analyzing budgets and evaluating 
atmospheric chemistry models for the Amazon. In this 
work, land surface data in the WRF (Weather Research 
and Forecasting) model is updated for the Amazon, and 
surface fluxes and precipitation are evaluated for the 
BARCA region and period using ground-based and 
satellite observations. In future BARCA studies, WRF 
will be coupled with chemistry (WRF-Chem) and 

biospheric (WRF-VPRM) models.  

2. MATERIAL AND METHODS 
2.1 WRF Model 
 The Weather Research and Forecasting (WRF) 
model (Skamarock and Klemp, 2007) is a non-
hydrostatic atmospheric model in use for research and 
weather prediction. In this study, WRF simulations were 
conducted with a 30/10 km two-way nested grid 
configuration. The 30km grid extends from 
approximately 80° W - 20° W and 40° S - 15° N, 
covering most of South America, and the 10km grid 
extends from 70° W - 46° W and 15° S - 5° N, coveri ng 
the Amazon region. Both grids have 41 vertical eta 
levels up to approximately 20km altitude, with vertical 
resolution ranging from approximately 40m near the 
surface to a maximum of 1km. Initial and boundary 
conditions are taken from the ECMWF T799L91 
operational model with horizontal resolution of 
approximately 25km, and the model is integrated from 1 
Nov. - 31 Dec. 2008.  

The cloud microphysics is the WRF Single-
Moment 5-class scheme, which includes mixed-phase 
processes and super-cooled water (Hong et al., 2004), 
and the planetary boundary layer is parameterized with 
the Mellor-Yamada-Janjic scheme (Janjic, 2002). A new 
version of the Rapid Radiative Transfer Model (Mlawer 
et al. 2007), which utilizes the MCICA technique for 
random cloud overlap, is used for short- and longwave 
radiation. The Noah Land Surface Model, based on the 
OSU LSM described in Chen and Dudhia (2002), 
predicts soil temperature and moisture in 4 layers to a 
depth of 2m. Deep convection is parameterized on the 
30km grid with the Grell-Devenyi ensemble scheme 
(Grell and Devenyi, 2002), and on the 10km grid with the 
Grell 3 scheme, which includes the effects of subsidence 
in neighboring columns. 
2.2 Land Surface Data  
 In this study, the 1km USGS Version 2 Global 
Land Cover Characteristics dataset 
(http://edc2.usgs.gov/glcc/glcc.php), based on 1km 
AVHRR data from Apr. 1992 – Mar. 1993, was updated 
with the PROVEG dataset (http://proveg.cptec.inpe.br/), 
which classifies Amazonian land use into four classes 
(forest, pasture, savanna, water) based on data from 
Landsat TM and PRODES 
(http://www.obt.inpe.br/prodes/). As shown in Figure 1, 
PROVEG (a) shows a marked reduction in broadleaf 
evergreen forest cover (dark green) in the southern and 
eastern Amazon region and corresponding increase in 
the area of grassland/pasture (yellow) and savanna 
(light green) relative to the USGS dataset (b).   
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 (a)    (b)  
Figure 1 - Vegetation type on 10km WRF grid from (a) USGS and (b) USGS/PROVEG. 
 

Albedo and greenness fraction were estimated 
from the USGS/PROVEG land use and a 2001-2002 
1km MODIS NDVI product processed by the Terrestrial 
Biophysics and Remote Sensing Lab 
(http://tbrs.arizona.edu/cdrom/Index.html), using the 
Land Ecosystem-Atmosphere Feedback Version 3 
(LEAF-3) parameterization (Walko et al., 2000). Albedo 
and greenness fraction from the NESDIS/NOAA 0.15° 5 -

year climatology (Csiszar and Gutman, 1999) are 
provided with the WRF model. Figure 2 shows 
November albedo on the 10km domain (a) from 
NESDIS/NOAA and (b) calculated from MODIS and 
USGS/PROVEG. The increased resolution better 
captures the surface heterogeneity and is in better 
agreement with observations by von Randow (2004): 
0.1-0.15 for forest, and 0.18-0.22 for pasture/savanna.

(a)  (b)
Figure 2 - WRF albedo on 10km grid (a) from NESDIS/NOAA 0.15° 5-year climatology for November and (b) calculated 
from 2001-2002 1km MODIS NDVI and USGS/PROVEG. 
 
2.3 Soil Moisture Initialization 
 The twice daily 0.25° GPNR soil moisture 
product is derived from an offline hydrological model 
(Gevaerd and Freitas, 2006) which assimilates TRMM 
precipitation data. Figure 4 shows interpolated soil 
moisture for the top soil layer (0 – 0.1m depth) from (a) 

ECMWF and (b) GPNR. GPNR presents more spatially 
heterogeneous and realistic values: 0.3-0.4 for the 
Amazon basin and around 0.1 for the north and 
northeast regions, while ECMWF predicts values of 
approximately 0.45 and 0.1-0.3, respectively.

(a)  (b)
Figure 3 - Top-layer (0 – 0.1m) soil moisture (mm3mm-3) initialization data (1 Nov 2008 00 UTC) on 10km grid from (a) 
ECMWF and (b) 0.25° GPNR product. 
 
2.4 Surface Flux Evaluation 
 The surface heat and radiative flux balances are 
evaluated with flux tower data from two sites in the 
southern Amazon: the Jarú Biological Reserve, located 
in a rainforest area at 10°4.706'S and 61°56.027'W,  and 
Fazenda Nossa Senhora, a deforested pasture area 

located at 10°45'S and 62°22'W (von Randow, et al.,  
2004). Half-hourly incoming and outgoing shortwave and 
longwave radiation and hourly latent and sensible heat 
flux measurements were averaged over the wet seasons 
of 1999 (Feb. – Mar.) and 2000 (Jan. – Mar.). Minutely 
simulated values from Nov. – Dec. 2008 of radiation and 
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heat fluxes in the corresponding grid cell in the 10km 
domain were averaged into half-hourly and hourly bins, 
respectively.  
2.5 Precipitation Evaluation 
 The simulated and TRMM average hourly 
precipitation rates from Nov. – Dec. 2008 on the 10km 
domain were compared. To evaluate the precipitation 
diurnal cycle, the grid was divided into sixteen 5° x 5° 
sub-domains and simulated and TRMM average hourly 
precipitation in each three hour time increment (0, 3, 6, 
9, 12, 15, 18 UTC) were averaged over the sub-domain 
and simulation period. 
 
3 – RESULTS AND DISCUSSION 
3.1 Surface Fluxes 
 The observed (upper and lower bounds) and 
simulated average surface latent (LH) and sensible (H) 
heat flux diurnal cycles are shown in Figure 5 for (a) 
Rebio Jarú and (b) Fazenda Nossa Senhora. Average 
observed latent (sensible) heat fluxes are higher (lower) 
at the forest (pasture) site, due to the higher (lower) 
evapotranspiration of forest (pasture) vegetation. The 

model overestimates peak (13 LT) latent heat fluxes by 
about 200 Wm-2 in the BM simulation and 100 Wm-2 in 
the ND simulation. The improvement in the ND 
simulation may be due to more accurate representation 
of land use at the observation site; the land use type in 
the grid cell containing FNS changed from forest to 
pasture, and the region around both towers shows 
increased deforestation in ND. The model shows 
reasonable agreement for sensible heat flux, with 
average hourly values falling within the observed 
bounds, except for the ND case at Rebio Jarú.  
 The observed and simulated average surface 
radiation diurnal cycle is shown in Figure 6 for (a) Rebio 
Jarú and (b) Fazenda Nossa Senhora. Both simulations 
overestimate peak incoming shortwave radiation (Sin) by 
approximately 300 Wm-2, with minimal difference 
between the BM and ND cases. Excessive Sin is the 
primary contributor to the overestimation of net radiation 
(Rn) by approximately 200 Wm-2 at both sites, although 
at Fazenda Nossa Senhora the ND case shows a 
reduction relative to BM of approximately 50 Wm-2 at the 
peak. 

(a)          (b)

 

Figure 4 - Average diurnal surface heat fluxes at (a) Rebio Jarú (forest) and (b) FNS (pasture). 
(a)          (b)

Figure 5 - Average diurnal surface radiation fluxes at (a) Rebio Jarú (forest) and (b) FNS (pasture). 
 

3.2 Precipitation 
 Figure 6 shows average hourly precipitation (mm hr-1) in the 10km domain from 1 Nov. – 31 Dec. 2008 for the (a) 
3-hourly 0.25° TRMM product and (b) BM and (c) ND s imulations. Both simulations overestimate the average precipitation 
rate in the southern Amazon, with the error increasing with southerly latitude, likely due in part to overestimation of 
surface latent heat fluxes and the lack of a shallow convective scheme. However, the ND run shows improvement in the 
geographical distribution, capturing the elevated precipitation in the NW of the domain and reduced precipitation in the 
predominantly pasture/savanna NE of the domain, possibly due to the improvement in representation of land surface 
properties.  
 Figure 7 shows average hourly precipitation (mm hr-1) at 3 hour intervals for 5° x 5° boxes in the sout heastern 
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Amazon (15°S – 10°S, 65°W – 60°W) for TRMM data and  BM and ND simulations. The time of peak average precipitation 
rate (14 LT/18 UTC) is in agreement among simulations and TRMM; however, both simulations overestimate the peak 
average precipitation rate by approximately double, although the ND simulation shows a slight reduction relative to BM. At 
off-peak hours with lower precipitation rates, the model shows reasonable agreement with TRMM. 
(a)          (b)

(c)      (d)
 

 
Figure 6 – Average hourly precipitation (mm hr-1) in 10km domain for (a) 3-hourly 0.25° TRMM produc t and (b) BM and (c) 
ND simulations, and (d) average hourly precipitation (mm hr-1) at 3 hour intervals for 15°S – 10°S, 65°W – 60°W.   
 
4 – CONCLUSIONS 

An evaluation of WRF model simulations of the 
Amazon basin showed reasonable agreement with 
observed surface fluxes and precipitation in forest and 
pasture areas for the dry-to-wet transition season, 
showing WRF’s capacity to reproduce the impacts of 
different land surface regimes on boundary layer 
processes. More realistic land surface properties and 
soil moisture initialization improved performance. 
However, substantial challenges remain in accurately 
simulating tropical land surface and convective 
processes. The model is “too sunny,” with excessive 
peak shortwave radiation at the surface possibly 
contributing to overestimated latent heat fluxes and 
precipitation. Additionally, the excessive precipitation is 
principally due to an overestimate of the peak 
precipitation rate in the late afternoon, suggesting that 
further improvements are necessary in the convective 
scheme. Since the surface energy balance strongly 
influences the development of the convective boundary 
layer and the precipitation regime, further improvements 
in land surface properties and convection will directly 
contribute to gains in accuracy of WRF coupled 
simulations with biospheric and chemistry models. 
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