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Hands-on Statistical Downscaling 
Training (II) 



Overview 



1. Raw GCM analysis for 
excluding worst GCMs 

GCM1 GCM2 
30 year monthly average 

(Observed) 

 Temporal evaluation 

Observed GCM1 GCM2 

 Spatial evaluation 



Raw GCM Analysis: algorithm 

 Temporal skill (seasonal cycle) 
 For each weather station, correlation coefficient of 36 pairs (10-day) of 3

0-year average between GCM and local data 

 Calculate pass rates compared to critical value of CC 

 Spatial patterns 
 For each 10-day period, pattern correlation coefficient of weather statio

ns of 30-year average between GCM and local data 

 Calculate pass rates 



Raw GCM Analysis: summary table  
Raw_GCM_Rank_Both(Prcp-Temp).csv 

GCMs/Criteria Spa_Prcp Spa_PrcpRate tem_Prcp tem_PrcpRate prcp_Rank Spa_Temp Spa_TempRate tem_Temp tem_TempRate temp_Rank Rank_Total 

MRI-CGCM3 0.37 0.64 0.84 1.00 10 0.65 1.00 1.00 1 1 1 

CESM1-CAM5 0.36 0.67 0.80 1.00 8 0.65 1.00 0.99 1 4 2 

CMCC-CM 0.44 0.83 0.66 1.00 2 0.61 0.97 0.99 1 10 3 

CESM1-BGC 0.31 0.61 0.78 1.00 11 0.64 1.00 0.99 1 3 4 

CCSM4 0.30 0.58 0.79 1.00 14 0.65 1.00 0.99 1 2 5 

MPI-ESM-LR 0.42 0.78 0.66 0.97 7 0.56 1.00 0.99 1 9 6 

MPI-ESM-MR 0.49 0.78 0.60 0.87 9 0.62 1.00 0.98 1 7 7 

NorESM1-M 0.41 0.81 0.87 1.00 4 0.59 0.86 0.99 1 17 8 

CNRM-CM5 0.44 0.78 0.78 1.00 5 0.61 0.89 0.99 1 16 9 

HadGEM2-CC 0.48 0.83 0.72 0.98 3 0.50 0.83 0.99 1 21 10 

IPSL-CM5B-LR 0.27 0.53 0.81 0.97 19 0.59 1.00 0.99 1 6 11 

HadGEM2-ES 0.48 0.86 0.68 0.98 1 0.50 0.81 0.99 1 24 12 

IPSL-CM5A-LR 0.27 0.58 0.72 0.97 17 0.59 0.97 0.99 1 11 13 

GFDL-ESM2G 0.19 0.44 0.70 1.00 23 0.60 1.00 1.00 1 5 14 

HadGEM2-AO 0.47 0.78 0.70 0.98 6 0.48 0.78 0.99 1 25 15 

CMCC-CMS 0.50 0.83 0.48 0.77 13 0.55 0.86 0.98 1 18 16 

FGOALS-g2 0.22 0.47 0.90 1.00 21 0.56 0.94 0.99 1 13 17 

GFDL-ESM2M 0.23 0.50 0.65 0.97 22 0.56 0.94 1.00 1 12 18 

bcc-csm1-1 0.29 0.58 0.66 0.98 16 0.50 0.86 0.94 1 19 19 

FGOALS-s2 0.09 0.31 0.38 0.62 27 0.57 1.00 0.99 1 8 20 

CSIRO-Mk3-6-0 0.36 0.61 0.70 0.97 15 0.55 0.83 0.95 1 22 21 

MIROC-ESM 0.14 0.39 0.52 0.97 25 0.55 0.94 0.98 1 14 22 

MIROC5 0.31 0.61 0.78 1.00 12 0.55 0.72 0.99 1 28 23 

IPSL-CM5A-MR 0.23 0.56 0.75 0.95 18 0.59 0.81 0.99 1 23 24 

MIROC-ESM-CHEM 0.16 0.42 0.35 0.40 28 0.53 0.92 0.98 1 15 25 

inmcm4 0.13 0.33 0.77 1.00 26 0.57 0.83 0.99 1 20 26 

bcc-csm1-1-m 0.20 0.53 0.56 0.97 20 0.54 0.72 0.95 1 29 27 

GFDL-CM3 0.29 0.64 0.53 0.80 24 0.48 0.75 0.99 1 26 28 

CanESM2 0.21 0.44 0.16 0.27 29 0.42 0.75 0.95 1 27 29 

 Ranks for precipitation and temperature are calculated based on sum of pass 
rated for both temporal and spatial CC. 

 Total rank is calculated based on sum of precipitation and temperature ranks 



Raw GCM Analysis: summary graph 

Worst 

Best 

Do not consider for 
calculating climate 
extreme indices 



Check-point 

• GCM resolution VS study area 

 

• Which variables are crucial to your study region? 
– PRCP, Temp, or both 

 

• Clear seasonality in your region of interest? 

 

• Spatial climate variability is an essential factor to rank 
GCMs? 
– Multiple stations 

– Geographical characteristics 

 

 

 



Hands-on: run AIMS using your data 

Go for lunch! 
 

Check and share your results. 

 Select only 4 stations 
 Select only SQM 
 Select only RCP4.5 
 Select all GCMs 



2.1. Evaluating reproducibility of climate 
change indices (Historical period) 

Annual total precipitation amount (mm) 

Individual GCMs 

Reproducibility 

Historical 
MME 

Observed 



Climate Extreme Indices 

 Expert Team on Climate Change Detection and Indices (ETCCDI) 

 http://etccdi.pacificclimate.org/  

 ID Variable Description  Unit 

CDD 

PRCP 

Consecutive dry days, PRCP < 1mm Day 

CWD Consecutive wet days, PRCP ≥ 1mm Day 

PRCPTOT 
Annual total PRCP in wet days (daily PRCP ≥ 1m
m) 

mm 

Rx1day Max 1-day precipitation  mm 

Rx5day Max 5-day precipitation mm 

R95pTOT 
Annual total PRCP when daily PRCP > 95 percen
tile 

mm 

R99pTOT 
Annual total PRCP when daily PRCP > 99 percen
tile 

mm 

SDII Simple daily intensity index 
mm/da

y 

rnnmm Annual count of days when PRCP≥ nnmm Day 

http://etccdi.pacificclimate.org/


Climate Extreme Indices 

 ETCCDI related to TMAX and TMIN 

 ID Variable Description  Unit 

SU 

TMAX 

Summer day, TMAX > 25oC Day 

ID Ice days, TMAX < 0oC Day 

TXn Min TMAX oC 

TXx Max TMAX oC 

TX10p Cool days, TMAX < 10th percentile  % 

Warm days, TMAX > 90th percentile Day TX90p 

WSDI Warm spell duration, TMAX > 90th percentile Day 

FD 

TMIN 

Frost days TMIN < 0oC Day 

TR Tropical nights, TMIN > 20oC Day 

TNn Min TMIN oC 

TNx Max TMIN oC 

TN10p Cool nights, TMIN < 10th percentile  % 

Warm nights, TMIN > 90th percentile  % TN90p 

Cold spell duration, TMIN < 10th percentile Day CSDI 

DTR 
TMAX & TMIN 

Diurnal temperature range oC 

Growing season length Day GSL 



Check your output folder 

Raw output 
Reproducibility in historical period 

Signal changes in future period 



Raw: Individual stations and station average 

Indices 

Y
e
a
rs

 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Box-plot for climate indices (Historical) 



Hands-on: run AIMS using your data 

Check and share your results. 

 Decide important indices 
for your objective 

 Select only 4 stations 
 Select your best 5 GCMs 



2.2. Comparison of future changes in 
climate indices before and after 

downscaling 

Historical 
MME 

RCP8.5 
(2040~2069) 

MME 

Historical 
MME 

RCP8.5 
(2040~2069) 

MME 

Historical 
MME 

RCP8.5 
(2040~2069) 

MME 

Downscaling  
Method #1 

Downscaling  
Method #2 

Raw 
GCM 

10% 
11% 

15% 



Changes in future signal 

Signal_sqm_bcc-csm1-1_rcp45.csv Signal_sqm_bcc-csm1-1_rcp45_original.csv 

Change in Signal = 
[RCP – RCP_Historical] –  
[RCP_Original – RCP_Original_Historical] 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Box-plot for climate indices (Future) 



Hands-on: run AIMS using your data 

Check and share your results. 

 Decide important indices 
for your objective 

 Select only 4 stations 
 Select your best 5 GCMs 



3. Evaluating spatial reproducibility 

Downscaling method #1 

Downscaling method #2 

Observed 



Spatial Reproducibility 

• Variogram curve 

– Variance of difference between two points corresponding to distance  

 

• $(project)/SpatialReproducibility 

– Data 

– graph 

 



Variogram curves 



Hands-on: run AIMS using your data 

Check and share your results. 

 Decide important indices 
for your objective 

 Select only 4 stations 
 Select your best 5 GCMs 



Thank You! 

APCC 


