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Outline

• Summary of IPCC AR5
• Summary of dynamical downscaling used for case study
• Example of Climate Guidelines for case study



Comparison of CO2 concentrations from SRES (A1B, A1FI, 
A2, B1) and RCPs (3.0, 4.5, 6.0, 8.5) approaches

RCP 8.5 Rising radiative forcing pathway 
leading to 8.5 W/m² in 2100.

RCP 6 Stabilization without overshoot pathway 
to 6 W/m² at stabilization after 2100

RCP 4.5 Stabilization without overshoot pathway
to 4.5 W/m² at stabilization after 2100

RCP 2.6 Peak in radiative forcing at ~ 3 W/m² before 
2100 and decline

 

Source: Meinshausen, M. and Coauthors, 2011
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DJF Temp.

• Note large 
spread between 
scenarios

• Note different 
probabilities of 
change signals
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CMIP5 GCM model ensemble for Thailand
Tave

https://climexp.knmi.nl/selectfield_cmip5.cgi?id=someone@somewhere

mailto:https://climexp.knmi.nl/selectfield_cmip5.cgi?id=someone@somewhere


CMIP5 GCM model ensemble for Thailand
Rainfall

https://climexp.knmi.nl/selectfield_cmip5.cgi?id=someone@somewhere

mailto:https://climexp.knmi.nl/selectfield_cmip5.cgi?id=someone@somewhere


Regional extreme changes



Summary

• Some improvement in representation of current climate

• Greater confidence on human impact on observed trends

• New Representational Concentration Pathways

• Some GCMs are more complex (‘earth system models’)



Regional Climate Modelling Approaches

• Also need to consider:
• Domain size/location
• Resolution
• Internal variability

Limited area

Lateral boundary influence

Computational expense

NoneHigh

Low High

Variable
resolution

Global
high-resolution

Scale-selective information 
passed, some 2-way 
interaction

Interpolated lateral boundaries, 
one-way information



Conformal Cubic Atmospheric Model
New features 
• Urban model
• Parallel IO and improved scaling
• New model: flux form on gnomic 

grid

Global Climate Model
(~200 km)

or Analyses
Global CCAM (~50 km)

Bias and 
variance 

correct SST
Additional
downscaling
with 
spectral filter

Stretched CCAM (~10 km)

• Developed at CSIRO for over 20 years
• First 3D cubic atmospheric model in the world
• CCAM is highly computationally efficient for 

comparable accuracy.  CCAM can run on 
25,000+ core supercomputers, or as a 
‘distributed’ system on laptops.



Terrain/land sea mask 
Global Climate Model (200 km) Regional Climate Model (10 km)



GCM Selection
Requirements

• Good performance in present 
climate

– Simulation of rainfall, air 
temperature etc.

– Reproduce observed trends

• Good SSTs
– ENSO pattern/frequency
– SST distribution

• Good spread of climate change 
signals

1
3

• 24 CMIP5 models
• > 20 evaluation studies
• 6 publications with rankings + 

evaluation
used within the project

• Peer-reviewed or submitted



GCM Selection 
Final ranking

1
4

Rank GCM Average Score
1 CNRM-CM5 0.31
2 CCSM4 0.34
3 ACCESS1.3 0.35
4 NorESM1-M 0.35
5 ACCESS1.0 0.39
6 MPI-ESM-LR 0.41
7 GFDL-CM3 0.42
8 HadGEM2-CC 0.44
9 MIROC4h 0.46

10 MIROC5 0.47
11 GFDL-ESM2M 0.48
12 MRI-CGCM3 0.51
13 HadCM3 0.53
14 IPSL-CM5A-MR 0.53
15 HadGEM2-ES 0.54
16 FGOALS-g2 0.57
17 CSIRO-Mk3.6.0 0.57
18 inmcm4 0.61
19 CanESM2 0.61
20 MIROC-ESM-CHEM 0.69
21 GISS-ES-H 0.70
22 IPSL-CM5A-LR 0.71
23 FGOALS-s2 0.80
24 MIROC-ESM 0.84

The rankings of the 6  
individual studies are 
averaged to yield a final 
ranking of the models.



SST Correction Method
• Observations

– daily optimum interpolation SST & SIC (Reynolds et al., 2007)
– 1/4° resolution for 1982-2011

• Method
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Dynamical Downscaling
• Start with Global Climate Models
• Select 6 global models and 2 scenarios 

• lower: RCP4.5 and higher: RCP8.5

• Simulations from 1970-2099
• Drive regional models with bias-corrected 

sea surface temperatures (SST) and sea ice

Global CCAM 50 kmGlobal model SST
and sea ice

Bias correction

 



Overall guidelines for using climate 
information/projections

• Decide what is needed/important for assessment
• Collect and evaluate current climate information 

• Assess the natural variability

• Decide on time and space scales needed for projections
• Collect and evaluate current climate simulations
• Use range of climate projection scenarios 

• Ideally assess a ‘median’, ‘best-case’ and ‘worst-case’ projection

• Do we need to application-ready projections?
• Assess confidence and uncertainty of projections



Rice Model needs daily: 
Tmax, 
Tmin, 
Rainfall and 
Solar Radiation





Example of gridded data

http://www.chikyu.ac.jp/precip/index.html

APHRODITE: Asian Precipitation - Highly-Resolved Observational Data 
Integration Towards Evaluation of Water Resources

Years of Record: 1951/01 to 2007/12

Type of data product: Gridded rainfall and temperature from obs

Institution and PI: University of Tsukuba,  
Japan Meteorological Agency/ Akiyo Yatagai

http://www.chikyu.ac.jp/precip/index.html


APHRODITE evaluation 
https://climatedataguide.ucar.edu)
Key Strengths: 

• High density and quality station network.
Key Limitations: 

• Station network changes with time and season.
• We do not homogenize the observed time series of temperature 

data. Changes in gauges, location of the stations, and many 
other factors might cause discontinuity of observation data.

• Lack of observation data (in India, Indonesia and Papua New 
Guinea)

https://climatedataguide.ucar.edu)




Timescales for detailed adaptation planning for 
infrastructure

Today’s decisions
must account for how
long their effects will be felt

Stafford Smith et al, PhilTransRoySoc 2011 (after Jones & McInnes 2004)

years







Maximum and Minimum Temperatures

Rainfall



Tmax and Tmin (°C)
Black – CRU



Rainfall (mm/d)
Black – Aphro
Red – CRU
Blue – TRMM
Green - PU



‘Most Likely’ Worst case

Best case






Need to consider 
1) Format
2) Calculate indices





Tmax Changes
Red – RCP8.5
Blue – RCP4.5



Rainfall Changes
Red – RCP8.5
Blue – RCP4.5





Uncertainty and confidence in projections

Five lines of evidence to consider 
when assessing confidence in 
projections

IPCC





Weather data file format:
*WEATHER  DATA :Prachin Buri Meteorology Station,THAILAND (WMO Index 
Number:    48430)
@ INSI      LAT     LONG    ELEV   TAV   AMP REFHT WNDHT
RDPC   14.050  101.370   2.0    29.1     2.7      2.0      2.0

@DATE  SRAD  TMAX  TMIN  RAIN  DEWP  WIND   PAR
09001    10.72     29.2     22.4     0.0        -99       -99        -99

ELEV = Elevation of the weather station in meter above mean sea level 
TAV = Temperature average (°C) for whole year
AMP = Temperature amplitude (°C), monthly averages 
REFHT = Reference height for data in meter above ground level 
WNDHT = Reference height for wind speed in meter above ground level 
SRAD = Daily solar radiation in MJ m-2 day-1 (total radiation).
RAIN = Daily rainfall (incl. snow) in mm day-1

DEWP, WIND, PAR not used

Data preparation



var=rnd24
cdo -O outputf,%5.1f $var.nc > $var.txt

var=tmaxscr
cdo -O subc,273.16 $var.nc txc.nc
cdo -O outputf,%5.1f txc.nc > txc.txt

var=tminscr
cdo -O subc,273.16 $var.nc tnc.nc
cdo -O outputf,%5.1f tnc.nc > tnc.txt

# convert radiation from w/m2 to MJ/m2/d
cdo -O divc,$conv sgdn_ave.nc srad.nc
cdo -O outputf,%5.1f srad.nc > srad.txt

ofile=$odir/${INSI}$yy$en.WTH

echo "*WEATHER  DATA : $name,THAILAND(gcm=$gcm,rcp=$rcp)" > $ofile
echo "@ INSI      LAT     LONG    ELEV   TAV   AMP REFHT WNDHT" >>  $ofile
echo "  $INSI $lat $lon $elev $tav $amp   2.0  10.0" >>  $ofile
echo "@DATE  SRAD  TMAX  TMIN  RAIN  DEWP  WIND   PAR" >>  $ofile
paste -d " " date.txt srad.txt txc.txt tnc.txt rnd24.txt dewpt.txt u10.txt 99.txt >>  $ofile

rm -f date.txt srad.txt txc.txt tnc.txt rnd24.txt dewpt.txt u10.txt 99.txt

sed 's/$/\r/g' $ofile > $$.txt;mv $$.txt $ofile # to get msdos format correct

-- Filename must follow the 8.3 format, CR017001.WTH
CR = Chiang Rai
01 = Zone one
70 = last two digits of the year, 1970
01 = station no of Zone one.
Extension name must be WTH.



• Detailed risk assessments need projections from individual 
climate models to ensure internal consistency across multiple 
climate variables

• Using all climate models is very resource intensive
• Need to consider range of scenarios
• No “one size fits all”, so climate projections need to be 

purpose-built
• For region-specific projections, select of a small number of 

can be models for use in risk assessment: median case, 
‘worst’ case and ‘best’ case (not just downscaled results)

Conclusions



Thank you



Types of projection data

Application-ready data
• Some impact assessments require future weather and climate data that 

have a format similar to historical data, including natural variability. 
• Sensitivity analysis 
• Delta change or perturbation method
• Climate analogues
• Weather generation
• Statistical downscaling
• Dynamical downscaling



http://sacad.database.bmkg.go.id/

http://sacad.database.bmkg.go.id/


http://reanalyses.org/atmosphere/overview-current-reanalyses

http://reanalyses.org/atmosphere/overview-current-reanalyses


http://cmip-pcmdi.llnl.gov/cmip5/data_portal.html

http://cmip-pcmdi.llnl.gov/cmip5/data_portal.html

