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Global#warming#!#more#extremes#

#

but,#

#
every#Fme#when#an#extreme#event#occurs…#

One#event#≠#warming#!?#



The$2010$Pakistan$Floods$–$
submerged#20%#of#Pakistan’s#

land#area,#taking#lives#of#5,000#

people#directly,#and#displacing#as#
many#as#20#million.#
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Lightning#frequency#(TRMM#LIS)##

(Romatschke#&#Houze#2011)#
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Monsoon#trough#

850mb#streamlines#+#OLR#

Role#of#the#monsoon#trough?#
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filtered#monsoon#trough#
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Organized#MCS# Scafered#convecFon#
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Only#condiFonal#–#it#needs#liH!#
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Weather#Research#and#ForecasFng#(WRF)##

Advanced#WRF#v3.1##+##NCEP/DOE#RY2#

(dynamical#downscaling#approach…)#

30#km;#opFmal#CU/MP/PBL#

clim
ate#

tren
d#(w

arm
ing)

#

deYtrend#(no#warming)#

1979#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#Y#2010#

RY2#forcing#data:#20sets0

SimulaFon:#Jiming#Jin#(USU)#

Control$

Experiment$
(Detrend)$

SimulaFon:#2010#JJA#

(for#ALL#variables)#



%0change0

SimulaFon:#Jiming#Jin#(USU)#



%0change0

Dynamical#downscaling#approach#

suggests#30%#contribuFon#from#

climate#trend#(i.e.#warming)#

!#wouldn’t0be0that0extreme…0
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(a)$Z(200mb)#reg.#w/#ΔPrecip(�)####July01974C20100

CI:#0.5#m⋅(WmY2)Y1#

Strong#monsoon#@#N.#India#(Ding#&#Wang#2005)#
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•  Only#the#preYmonsoon#(July)#phase#has#changed##(cond.#instab.)#

•  There#are#climate#change#signals!###(warming#≈#30%)#

•  Increased#instability#may#have#modified#the#monsoon#dynamics#

#!#may#hinder#monsoon#predicFon#for#Pakistan/N.#India!#
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•  There#are#climate#change#signals!#

•  Only#the#preYmonsoon#trough#phase#is#affected##

•  Increased#instability#may#have#modified#the#monsoon#dynamics#

#!#may#hinder#monsoon#predicFon#for#Pakistan/N.#India!#

#

Important#quesFon:#

•  Has#this#region#reached#a#climate#“Fpping#point”?#

####!#Need#longYterm#dynamical#downscaling#exp.#

####!#Enhance#weatherYtoYclimate#predicFon#



•  There#are#climate#change#signals!#

•  Only#the#preYmonsoon#trough#phase#is#affected#(so#far)#

•  Increased#instability#may#have#modified#the#monsoon#dynamics#

#!#may#decrease#the#predicFve#ability#for#monsoon!#

#

Important#quesFon:#

•  Has#this#region#reached#a#climate#“Fpping#point”?#

####!#LongYterm#dynamical#downscaling#may#answer#





(a)$Z(200mb)#reg.#w/#(235W⋅mY2#–#OLR)(N.Pakistan)####August01974C20100

(b)$ΔZ
E
(200mb)####August020100

(c)$Z(200mb)#linear#trend #######August01974C20090
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precip#≥##

5#mm/day#

OLR#≤##

215#W/m2#


