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The$Indo)Gange-c$Plain$
has$experienced$consecu-ve$and$
worsened$winter$droughts$since$
2000$culmina-ng$in$a$severe$
drought$episode$during$2008)2009.$
These$recent$spells$of$drought$are$
symptoma-c$of$both$natural$
variability$and$anthropogenic$
influences$including$(1)$the$Arc-c$
Oscilla-on$and$its$decadal$
variability,$(2)$warming$of$the$
southern$Indian$Ocean,$and$(3)$
increased$loading$of$anthropogenic$
aerosols.$Given$that$winter$
precipita-on$has$declined$to$near$
zero$while$groundwater$has$hardly$
been$replenished,$appropriate$
management$of$the$region’s$water$
resources$is$cri-cal.$

Severe winter droughts and groundwater decline in 
the Indo-Gangetic Plain 
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Adjustment strategy via Principal 
Component Analysis removes 
spurious signals and enables 
broader use of MERRA data set 
by science user community.  
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NEWS value added integration: 
This work was funded by NASA’s Energy and Water Cycle Study 
program. 
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Significance: From the comparison between the historic and control 
runs, it suggests that the increasing greenhouse gas affects the 
temporal variation of precipitation, contributing to precipitation 
extremes.  

Science issue: Better understand the hydrological cycle as a 
response to global warming. Quantitatively simulate the 
precipitation trend in order to predict the variation of precipitation 
in the future. 
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Figure 1: Lowpass filtered time series for precipitation (P) from GISS-HYCOM. (a)
 P over high-precipitation (P > 200 mm/mon) from the control run (solid line) and
 trend (dashed line). (b) P over high-precipitation area from the historic run (solid
 line) and trend (dashed line). (c) Same as (a) except for areas with precipitation
 < 50 mm/mon. (d) Same as (b) except for areas with precipitation < 50 mm/mon.  

Investigation of Recycling Rate of Moisture in the Atmosphere From 
Observation and Model  
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Results: Based on the long-term (1988-2012) GPCP precipitation 
data set, our observational study revealed that the precipitation 
increased over the wet area (i.e., monthly precipitation > 200 mm) 
and decreased over the dry area (i.e., monthly precipitation < 50 
mm) during the past two decades. Here, we further investigate 
whether the current atmospheric models can quantitatively capture 
the characteristics of precipitation from the observation. The NASA 
GISS model is used to examine the historic run of the precipitation, 
in which the historic greenhouse gases are included. The historic run 
can qualitatively capture the temporal trends of precipitation over the 
wet and dry areas. The observed trends of precipitation do not 
appear in the control run with the fixed concentrations of greenhouse 
gases, which suggests that the global warming due to the historic 
increase of the greenhouse gases can influence the temporal 
variations of precipitation over the wet and dry areas.  


