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1. Introduction 
The international importance of Amazonia and increased frequency of ex-
treme climate events (two severe droughts hitting Amazonia in 2005 and 
2010) require comprehensive and consistent observations. So far, most sat-
ellite-based studies over Amazonia used optical-based vegetation products,   
which are affected by vapor, clouds and aerosols in the atmosphere. As 
complementary to the existing optical-based products, the microwave-
based vegetation dataset (1) is sensitive to water rather than chlorophyll 
and hence to both photosynthetic and non-photosynthetic aboveground 
biomass and (2) is much less affected by atmosphere and weather condi-
tions. The primary objective of this study is to explore the applicability of 
microwave-based vegetation dataset to characterize the Amazonian vegeta-
tion dynamics between 2005 and 2010.   

4. Conclusion  
We demonstrated that the microwave-based VOD data are able to capture 
the influences of the extreme climate events during 2005 and 2010 on the 
Amazon region and delineate the sub-regions experiencing considerable 
anomalies  in biomass water content under both drought and wet condi-
tions, despite the impacts of open water on VOD retrievals. A more com-
prehensive characterization of vegetation dynamics over densely vegetated 
regions can be expected if both microwave- and optical-based vegetation 
datasets are used. 

Satellite-based Microwave Observations Show Biomass Decline 
during Amazon Droughts  

Region 1 (Fig. 3a-c):  
VOD dynamics are oppo-
site to water levels  in 
terms of seasonal cycle 
and inter-annual varia-
tions. Strong negative re-
lationship is found be-
tween VOD and water 
level. Positive VOD 
anomalies along main riv-
ers in 2010 primarily indi-
cate a lower water level.  
 
Region 2 (Fig. 3d-g): 
VOD dynamics seem in-
fluenced by open water 
only for the first half of 
the year. VOD variations 
during Jul - Nov reflect 
changes in water content 
and biomass of vegeta-
tion. VOD declines dur-
ing Jul - Nov 2010 agree 
with rainfall deficits and 
fires.  
 
Region 3 (Fig. 2):   
Negative VOD anomalies in Sep - Nov 2010 appears the open water con-
tamination, as (1) strong positive rainfall anomalies in Jul - Sep 2010, (2) 
negative VOD anomalies moving from mountain tops downwards to the 
areas along the rivers. 
 
Apart from 2010, large-scale strong VOD anomalies are also observed in 
Jul - Nov 2005, 2007 and 2009. 

2. Data 
  Vegetation optical depth (VOD) product derived from C-band (6.9GHz) 

 AMSR-E using the Land Parameter Retrieval Model 
  Rainfall data obtained from the Tropical Rainfall Measuring Mission 

 (TRMM, 3B43) 
  Fire observations from the Moderate Resolution Imaging Spectroradi-

ometer (MODIS) product (MCD14ML) 
  Enhanced Vegetation Index (EVI) from MODIS product (MYD13C) 
All above products re-sampled to 0.25º resolution and monthly interval 
during July 2002 - December 2010.  
 
 Digital elevation model (DEM) from Shuttle Radar Topography Mission 
 Water level measurements from hydrological stations along the main riv-

ers in central and south Amazonia. 

Figure 1. Spatial distribution of (a) annual VOD, (b) land cover and (c) elevation over the Amazon region. VOD show 
lower values along the main rivers in central Amazonia, most likely due to the existence of open water bodies and con-
sequently affecting microwave emissions and leading to underestimates of VOD values. 

3. Results and Discussions 
 
 

Figure 2. (a and b) Standardized rainfall anomalies for Jul - Sep and Sep - Nov in 2010, respectively. The reference 
period for standardized anomalies calculation is from 2002 through 2010, excluding drought years 2005 and 2010.  
(c and d) Same as (a and b), but for standardized VOD anomalies.    

Figure 4.  Standardized EVI and VOD anomalies for Jul -  Sep and Sep - Nov in 2005, 2007 and 2009. 

Figure 3. (a and b) Monthly VOD anomaly and river stage over the grid cell 
of the Manaus station for non-drought year 2009 and drought year 2010.  
(c) Relationship between monthly VOD anomaly and river stage over 
Manaus station, calculated from the period July 2002 through December 
2010. (d and e) Monthly VOD anomalies, fire observations, precipitation and 
river stage for 2009 and 2010 over the Humaita grid cell. (f and g) Same as 
(d and e), but for Rio Branco grid cell.  


