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Severity of 2010 Flood – Global warming?

Motivations and questions
 The human disaster caused by the July–August 2010 flash floods over Pakistan called for
a detailed scientific investigation in order to determine if such climate events can be
anticipated and are linked to anthropogenic warming.
 Most of the previous investigations are based on observations or reanalyses. Only a few
modeling efforts have been undertaken to delineate the factors leading to this disaster.
 Moreover, very few studies have focused on the relative impacts of the Indian and
Pacific Oceans SST forcing relative to the mid-latitude atmospheric blocking/intrusions
and their interactions with the monsoon surges for promoting the flood event.
Thus, a comprehensive (modeling) study focusing specifically on the role of Indo-Pacific SST
forcing on the 2010 Pakistan floods is missing!
 These questions are tackled here in a modeling framework with the help of various
sensitivity experiments performed with LMDZ.
 Interesting and challenging test of LMDZ for understanding extreme rainfall events,
which are at the front of the scene now, especially in monsoon zone!
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The ENSO and ENSO-unrelated
components of monthly SST
anomalies during 2010 were
computed using a linear inverse
modeling approach (Compo and
Sardeshmukh, J. Climate, 2010)
This approach is one of the best
methods currently available to
isolate ENSO component in
climate time series (see
http://www.esrl.noaa.gov/psd/
people/cecile.penland/pubs.ht
ml).
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None of the simulations
simulate the observed
mid-latitude atmospheric
blocking!
This blocking is not
related to SST forcing, an
expected result.

The time varying forcing agents (CO2, CH4, N2O, …) are set to present values
10 members by experiment, all starting the 16th May 2010
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 Realistic simulation of rainfall anomalies over the Indo-Pak region and atmospheric circulation
observed during 2010 by the R-SST runs!

What is the roles of ENSO and ENSO-unrelated SST patterns in modulating the northwest
Indo-Pak rainfall and the observed/simulated atmospheric cells?

Weibull distribution tail

Rainfall and Moisture Transport Anomalies
E-SST

(70-74ºE & 30-36ºN)

NE-SST
500 hPa Vertical Velocity (Pa s-1)

 Only NE-SST & NE-IO-SST runs
could
NE-IO-SST

simulate

extreme

convective

activity and anomalous positive rainfall
over northwest India-Pakistan region
during 2010!
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CONCLUSIONS
None of the simulations simulate the observed mid-latitude atmospheric blocking,
which was suggested as a key-trigger of the 2010 Indo-Pak flood event in past studies.
This blocking is not related to SST forcing, an expected result.
However, interestingly:
 ENSO-related forcing seems to induce a modest westward shift of the large-scale
monsoon circulation and significantly weakens the convection over Bay of Bengal, but
is not sufficient for a realistic simulation of the flood event during 2010.
 Intensification of northward moisture transport from Arabian Sea into the
subtropical Indo-Pak region leading to positive rainfall anomalies as observed in 2010
could be mostly attributed to ENSO-unrelated Indian SST forcing in addition to
mid-latitude forcing.
 The warmer SST anomalies over the northwest and southeast Indian Ocean
promotes northward moisture transport and enhanced convection over subtropical
Indo-Pak region during 2010.
 This study highlights the intrinsic role of Indian Ocean SST in modulating regional
scale heavy rainfall events. The in-situ observations over Indian Ocean may be crucial
for better understanding and realistic prediction of such events.

Use of LMDZ at CCCR (IITM, Pune, India) and comments

 LMDZ4 is currently installed at CCCR (IITM, Pune, India) and is
now heavily used in PhD thesis (3), publications (about 10 of
rank A) and projects (CORDEX- Asia, Belmont Forum-PacMedy,
national projects ...) But not at all the institution level (e.g.
IITM), because it is not considered as a ”MoES” model like CFS
and GFS (e.g. NCEP models)!
 Good performance of LMDZ (however speed is a limiting
factor) for the simulation of the mean Indian monsoon and
extreme rainfall events in this study. Strong interest for the
zooming capacity of LMDZ!
 The differences with coupled mode (e.g. IPSL model) is striking
and raise many questions on how building a “realistic” coupled
model for monsoon and more generally tropical variability!

