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Economic cost for extreme weather

It is very valuable to predi
ct future change of heavy 
precipitation



Coupled Model Intercomparison Project (CMIP)

CMIP5 CMIP6



Future change of Frequency of daily precipitation

Ratio =
precipitation frequency at present climate

precipitation frequency at future climate

 Strong trend in medium PRCP

 Weak trend in heavy PRCP

Is it reliable or reasonable?

CMIP5 models
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Horizontal pattern of light/medium/heavy precipitation
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Future change of Frequency of daily precipitation
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Ratio =
precipitation frequency at present climate

precipitation frequency at future climate

Small spread, monotonic increasing trends 
according to precipitation intensity

Large spread, discontinuous trends according 
to precipitation intensity = > Why the trends 
decreases during at precipitation ?



Key processes for heavy precipitation

Schumacher et al. (2007)



Composite of SST, PRCP & BLMC for heavy precipitation events
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Vertical profile of diabatic heating profile : Good v.s. Poor models 
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Future change of heavy precipitation 

: potential problems in poor models.

CMIP5 models

NESM3.0 (CTL,MOD)

Historical run v.s. RCP85 (last 10yr- data for analysis)



Good model

Poor model

Future change of Frequency of daily precipitation

HadGEM2-CC

inmcm4

Historical run RCP85 scenario

65mm/day -> 85mm/day

32mm/day -> 25mm/day



NESM3.0 model results
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 Increasing medium PRCP

 Decreasing light PRCP

Future change of Frequency of daily precipitation

CTL ( Poor model)



Horizontal pattern of light/medium/heavy precipitation

CTL 4CO2_CTL

Convective precipitation

CTL 4CO2_CTL

Large-scalce precipitation



Future change of Frequency of daily precipitation

MOD 4CO2_MOD



Horizontal pattern of light/medium/heavy precipitation

MOD 4CO2_MOD

Convective precipitation

MOD 4CO2_MOD

Large-scalce precipitation



Change of mean RH profile
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10% of RH is reduced due to strong 
warming by 4CO2 forcing 



Summary

Different cloud 
profiles

Less warming

More warming

Increased 
RH

Decreased 
RH

Increasing 
Large-scale 

PRCP

Increasing
Heavy PRCP 

Decreasing 
Large-scale 

PRCP

Decreasing 
Heavy PRCP

Suppressing 
Medium 

convective PRCP

Increasing
Medium 

convective PRCP

CO2 
forcing

CO2 
forcing



Thank you!



Is the Top-heavy heating profiles represented 
in a cloud resolving model? 



Heavy precipitation processes in Cloud Resolving Model

Lower tropospheric 
heating

Upper tropospheric 
heating



Summary

Poor model

Convective 
PRCP

Large-scal
e PRCP

Lower mean RH 
at upper troposphere 

Reduced diabatic heating
at upper troposphere

Too active 
Convection 

Convective 
PRCP

Large-scale 
PRCP

Higher mean RH 
at upper troposphere 

Increased diabatic heating
at upper troposphere

Less active 
Convection 

Decreasing heavy PRCP Increasing heavy PRCP

Good model
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Horizontal pattern of light/medium/heavy precipitation at 4co2 forcing

TRMM MOD 4CO2_MOD



Horizontal pattern of light/medium/heavy precipitation at 4co2 forcing

TRMM CTL 4CO2_CTL


