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Outline  

ÅWhat do we know? 

ÅWhat can we learn? 

ÅWhere do we go next? 



ÅRio Negro water level 
in Manaus was the 
lowest in the 109 -
year record in 
October, 2010.  

ÅRio Solimoes also 
reached record low 
levels in Oct. 2010.  

Å2010 drought 
affected nearly 5 
million km 2 of 
vegetated area.  

Xu et al., GRL, 2011; 

Espinoza et al., GRL, 
2011 

Sand bars (pink) exposed in 2010, visible in 

satellite images (http:// na.unep.net / geas/)  



Causes of 2010 drought 
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Marengo et al., GRL, 2011 

Harper et al., in prep  

Å There is a tendency for an 
increase in dry and very 
dry events, especially in 
the southern Amazon 
during the dry season.  

Å Warming in the tropical 
North Atlantic can lengthen 
the dry season and delay 
wet season onset.  

Å In 2010, this situation was 
preceded by a drier than 
usual wet season. 

 

 



Evidence for drought impacts  

ÅVegetation indices (NDVI, EVI) 

ÅAtmospheric profile measurements  

ÅInversions based on profile measurements 

ÅForest inventory data  

ÅChlorophyll fluorescence  



Vegetation impacts  

ÅWidespread, severe 
declines in vegetation 
greenness over 51% of the 
forests affected by rainfall 
deficits in 2010.  

ÅDeclines persisted 
following the end of the 
dry season drought. 

ÅEstimated 2.2 GtC of 
committed emissions from 
drought-induced mortality.  

Xu et al., GRL, 2011; 

Espinoza et al., GRL, 2011; 
Lewis et al., Science, 2011 

http:// na.unep.net / geas/newsletter/im

ages/Oct_11/ anomalies.png 



Drought impacts 

Å Drought suppressed Amazon-
wide photosynthesis by 0.38 
PgC, midday basin-wide GPP 
was reduced by 15% 
compared to 2009, 
associated with canopy 
water stress.  

Å Total NPP was constant, but 
autotrophic respiration in 
roots and stems declined 
significantly toward the end 
of the drought. Implies that 
trees prioritized growth.  

Å Following the drought, NPP 
was allocated to canopy 
more than fine roots.  Doughty et al., 2015: 

Nature;  
Lee et al. 2013, PNAS. 



Background 

Typical 

carbon sink 

in the 

Amazon 

switched to a 

carbon 

source in 

2010. 

Harper et al., in prep  


