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Reminder

Probability Distribution
 Gumbel, Gamma
 Normal

Quantile (Percentile)
 Interpolation
QM
DQM
QDM



Data

Copy NCData, OBS, 3Eum folders to 
your own folder (ex: D:/2016TP/  )



Download climate projections

Go to ADSS
 http://adss.apcc21.org/



Download climate projections

cmip5_daily_[Ncode]



Install.Packages

Open “Packages.R”



Download climate projections

R script

National Code Folder Path



Download climate projections

Please check 
the number 
of items



SDQM(DQM & QDM) structure

Main Program

(BCSD_Main.R)

Read Station Data

(Read_Station_Data.R)

NC reading

(NC_Read.R)

Interpolation

(IDW & Kriging)

(Interpolation.R)

QM-DQM-QDM

(QM-DQM-QDM.R)

Collect data window

(Collect_Data_Window.R)

Select 30Yr future data

(Collect_Data_Window.R)

Output Files



R scripts

Confirm all R scripts are in your working folder
 3Eum

• BCSD_Main.R
• Read_Station_Data.R
• NC_Read.R
• Interpolation.R
• Collect_Data_Window.R
• QM-DQM-QDM.R



Input data

Station data set (0Dbase/OBS/)
 prcp_table.csv 
 tmax_table.csv
 tmin_table.csv
 Nation_(N)stn.csv

GCM_names.txt (3Eum)
GCM climate projections (0Dbase/NCData)
 NetCDF format files



Set up 

 Set working directory
 setwd(…)

• Ex: D:/2016TP/3Eum
 Create Output directory
 if(!file.exists("Output")) {dir.create("Output")}

 Connect R functions to main program
 source(…)

• source("Read_Station_Data.R")
• source("NC_Read.R")
• source("Interpolation.R")
• source("Collect_Data_Window.R")
• source("QM-DQM-QDM.R")



Read station data

Read_Station_Data.R



Read GCM data

NC_Read.R
 NC_combine

• Read_NC
• Read_HadGEM
• Info.NCfiles

NC_combine<-
function(Folder,GCM_name,Variable,Ems_sce, 
Start_Year,End_Year,...)
 Folder: location or path of NC files
 GCM_name & Variable
 Ems: “historical”, “rcp45”, “rcp85”
 Start_Year & End_Year: Total period (e.g. 1976-2099)



Interpolation

 Interpolation.R
 Inverse distance weighting (IDW) method
 For example…

Need ‘gstat’ package
 Variogram, kriging, idw, etc

 idw.intpol<- function 
(Lon.Target,Lat.Target,Lon.GCM,Lat.GCM, 
GCM.data,First_Yr,End_Yr,...)



Data sampling

Collect.Data.Window<- function 
(Date_Tar,Raw_Data,TimeWindow,Number_STN,
...)
 Raw_data: 1976-01-01  2.3

Select.Data.30Yr<-
function(End_Yr_Fut,Date_Current,Date_Period,
Model.Data.All)



Application of SDMs(QM, DQM, & QDM)

QM-DQM-QDM.R
QM<- function (Data.obs,Data.Window.GCM, 

VAR.On.Day,ratio=FALSE,trace=0.05, 
trace.calc=0.5*trace)

DQM<- function (Data.obs,Data.Window. 
GCM.Cur,Data.Window.GCM.Fut,VAR.On.Day, 
ratio=FALSE,trace=0.05, trace.calc=0.5*trace)

QDM<- function (Data.obs,Data.Window. 
GCM.Cur,Data.Window.GCM.Fut,VAR.On.Day,ratio=
FALSE,trace=0.01, trace.calc=0.5*trace,            
ratio.max=2, ratio.max.trace=10*trace)



Running R scripts

Hyung-Il Eum
APEC Climate Center (APCC)



Set essential information

National code, csv file name, and Path OBS

 Information of station data
 Station namelist.csv

 Target variable and GCM names

Others



Data (station and GCMs)

Read station data

Specify folder path for NetCDF files

Select a GCM among 26 GCMs



Run SDM program

Read historical and future projection

Spatial disaggregation
 Idw Interpolation (Idw.intepol)



Run SDM program

Variables related to date and initializing 



Set starting and ending years to simulate

Finding orders 
of starting and 
ending date in 
total sequences



Downscaling

 for (i_Sim in 1: length(Date_Tar_Period) { …}
 Reference period (historical) from 1976 to 2005

• Data collecting from observation and GCM data sets

• QM-DQM-QDM



Downscaling

 for (i_Sim in 1: length(Date_Tar_Period) { …}
 Future period

• Define future 30 yrs & Data collection

• Data collecting from observation and GCM data sets



Downscaling

QM-DQM-QDM



Output



For TMAX and TMIN

Change target variable
 Variable_STN<-”tmax”
 Variable_GCM<-”tasmax”



Running SDM

Hyung-Il Eum
APEC Climate Center (APCC)



Simulation period

Set start and ending year to simulate

Output
 iSim_start : number of order for start year
 iSim_End: number of order for ending year



Simulations

Change variable
 tmax, tasmax…

Select 2-years (reference and future periods)
 Ex) 1980-1981 & 2040-2041

Run individually



Analysis outputs I

Hyung-Il Eum
APEC Climate Center (APCC)



Time series plot

Open data we generated

Plot



Quantile-Quantile (Q-Q) plot

Summer (JJA)



Intercomparision of quantiles



Analysis outputs II

Hyung-Il Eum
APEC Climate Center (APCC)



Climate signals

 Install.packages(…)
 “climdex.pcic”
 “PCICt”

Function (Cal_Signal.R)
 Cal.signal <- function (ref_start, ref_end, 

future_start,future_end, Table)



Expert Team on Climate Change Detection and 
indices (ETCCDI)

No. ID Related variable Description Unit

1 SU

TMAX

Summer day, TMAX > 25oC Days

2 ID Ice days, TMAX < 0oC Days

3 TXn Min TMAX oC

4 TXx Max TMAX oC

5 TX10p Cool days, TMAX < 10th percentile %

Warm days, TMAX > 90th percentile Days6 TX90p
7 WSDI Warm spell duration, TMAX > 90th percentile Days

8 FD

TMIN

Frost days TMIN < 0oC Days

9 TR Tropical nights, TMIN > 20oC Days

10 TNn Min TMIN oC

11 TNx Max TMIN oC

12 TN10p Cool nights, TMIN < 10th percentile %

Warm nights, TMIN > 90th percentile %13 TN90p

Cold spell duration, TMIN < 10th percentile Days14 CSDI

15 DTR
TMAX & TMIN

Diurnal temperature range oC

Growing season length Days16 GSL

17 CDD

PRCP

Consecutive dry days, PRCP < 1mm Days
18 CWD Consecutive wet days, PRCP ≥ 1mm Days
19 PRCPTOT Annual total PRCP in wet days (daily PRCP ≥ 1mm) mm

20 Rx1day Max 1-day precipitation mm

21 Rx5day Max 5-day precipitation mm

22 R95pTOT Annual total PRCP when daily PRCP > 95 percentile mm

23 R99pTOT Annual total PRCP when daily PRCP > 99 percentile mm

24 SDII Simple daily intensity index mm/day



Sample data

CCSM4
Downscaled at 60 stations from 1976 to 2099 
 TMAX
 TMIN
 PRCP



Climate signals.r



Climate signals.r

Define matrix sizes for variables
 24 ETCCDI

• Obs, CM, QM, DQM, and QDM



Run script and save images

GCM name

Station number
(1 to 60)



CLIMDEX_Singnal_Plot.R

 Install.packages(…)
 “fields”

setwd
 load data



Relative change bias

Difference of signals between downscaling and 
climate models



Set column names of signals



Barplot

par(mfrow=c(3,1))
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Plotting other ETCCDI

Signal_CM_2020
 24 ETCCDI

Plot precipitation-related ETCCDI



Plot relative change bias

Set column names for relative change bias 
variables



Plot relative change bias

Plot
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Plot SU time series



Plot other variables

FD
 Fd_Ave_CM, Fd_Ave_QM, Fd_Ave_DQM, 

Fd_Ave_QDM
Annual precipitation
 Prcptot_Ave_CM, Prcptot_Ave_QM,

Prcptot_Ave_DQM, Prcptot_Ave_QDM



Boxplot
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