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Downscaling NCC CGCM Output for 
Seasonal Precipitation Prediction over 

Islamabad – Pakistan
A Case Study



Data used
Observational seasonal precipitation data of summer (JJA) of Islamabad from
1983 – 2005. 
Dataset provided by Pakistan Meteorological Department.

Large Scale Climate Variables
1. Global Atmosphere-Ocean Coupled Model (CGCM)
2. NCEP Reanalysis data provided by the NOAA-CIRES Climate Diagnostics 

Center, Boulder, Colorado, USA.



The Global Coupled Ocean-Atmosphere Model (CGCM)

AGCM named T63L16 AGCM_1.0 which was developed for operational use in National 
Meteorological Center of China Meteorological Administration (NMC/CMA), Horizontal 
Resolution 1.875°×1.875°.

OGCM named GT63L30 OGCM_1.0 which was developed by the State Key Laboratory 
of Numerical Modeling for Atmospheric Science and Geophysical Fluid Dynamics (LASG) 
of the IAP/CAS on the basis of the original LASG OGCM, 20 levels in vertical direction, 
horizontal resolution 4°×5°. 

These are coupled through the coupling scheme of the Daily Flux Anomaly on the open sea 
surface. This model contains large scale variables like SLP, SST, Precipitation and 
Temperatures at 2M at the resolution 1.875°×1.875°, and H500, H200, T850, U200, V200, 
U850, V850 at the resolution 2.5°×2.5°.



Statistical Model

Two statistical downscaling models are used for seasonal precipitation prediction:
1. Coupled Pattern Projection Model (CPPM)
2. Multiple Linear Regression Model (MLRM)

CPPM; coupled patterns are achieved from the covariance between each predictor 
and predictand and projected onto the predictor field and then the value of 
predictand on local scale using single variable predictor, is calculated



Predictand Y (t) 
(Regional Variables) 

Predictor Field X (i, j, t) 
(Large Scale Variables) 

Coupled Pattern Projection 

∑ •
=

ji X
y ji

tjiXjitXp
,

2 ),(
),,(),cov()(

μ
μ  

Transfer Function 
βα += )()( tXtY pF  

Regional Climate Forecast  
YF (tp) 

X (i, j, t) 

Xp (tp) 

Couple Pattern 
∑ −•−=

t
jiXtjiXYtYji )),(),,(())((),cov(  



Statistical Model

MLRM; More than one predictors are used to have predicted time series

⎥
⎦

⎤
⎢
⎣

⎡ −
+= ∑

=

N

i Xi

ii
ioyF

XtXtY
1

)()(
α

ααμ

where, YF (t) is time series of predictand, µy is standard deviation of 
predictand, αo is the regression sum of squares, N is total number of 
independent large scale variables, αi is the regression coefficient of ith
variable, Xi is the projected time series which is obtained in CPPM. 
Numerator term is variance of projected time series of ith variable which 
is divided by the standard deviation of the same variable.



Average (JJA) Sea – Level Pressure

NCC CGCM NCEP Reanalysis



Average (JJA) Stream Flow at 850hPa Level

NCC CGCM NCEP Reanalysis



Correlation Patterns of SLP

NCC CGCM NCEP Reanalysis



Correlation Patterns of H500

NCC CGCM NCEP Reanalysis



Correlation Patterns of T850

NCC CGCM NCEP Reanalysis



SLP H500

T850





Predicted Time Series with one Predictor, SLP



Predicted Time Series with one Predictor, H500



Predicted Time Series with one Predictor, T850



Predicted Time Series with Three Predictors



Predicted Time Series with Three Predictors



Predicted Time Series with Three Predictors SLP,H500,T850
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Predicted Time Series with Three Predictors SLP, SST, TEMP
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Predicted Time Series with Three Predictors U200, SST, T850
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Predicted Time Series with Three Predictors U200, V200, U850



Predicted Time Series with Three Predictors U200, V200, TEMP
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Predicted Time Series with Three Predictors U200, V200, TEMP
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Predicted Time Series with Three Predictors U200, V200, TEMP



CONCLUSION

The correlation coefficient between observed and predicted precipitation by the 
statistical downscaling of NCC CGCM output is 0.74, which means that the prediction 
is in well accordance with the observed precipitation 

The statistical model performed well in terms of regenerating the precipitation at 
station/regional scale from large scale variable

This technique is a good tool for seasonal precipitation prediction. However, some 
outliers exist in the predicted time series. 



JJA Rainfall



Prediction for Monsoon 2007





Thank You Very Much!


