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Reminder

» Probability Distribution
= Gumbel, Gamma

= Normal
» Quantile (Percentile)
» Interpolation
> QM
» DQM
> QDM




Data
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JEUmM [7] pr_day_ACCESS1-0_rcp85_r1i1p1_20310101-20551231.nc
ALECTURE D pr_day_bcc-csm1-1_historical_r1i1p1_18500101-20121230.nc
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(L] tmax_table
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Copy NCData, OBS, 3Eum folders to

your own folder (ex: D:/2016TP/ ) e e core (g




ownload climate projections

Go to ADSS
= http://adss.apcc21.org/

DataSet Areal Coverage Grid Size Time Step Access Source Rquirements
APCCMME (6-MON) Global 250250 Monthly B oy APCC Login
About FTP OpeNDAP

APCC-MME (3-MON) Global 2592 50 Monthly APCC Login
INDIVISUAL-MODEL(6-MON) Global 2592 59 Monthly APCC Login
INDIVISUAL-MODEL(3-MON) Global 2592 59 Monthly APCC Login
CORDEX-SEA25 Regional 25km Daily Et f!?; APCC
CORDEX-SEA44 Regional 4dkm Daily B oy APCC

About FTP OpeNDAP
r----------------------------------I

I . National level Depending on . B (322
I Clipped CMIF5 5 Counises) s Daily Et by =1 & ESGF :
l----------------------------------ﬂ
IRI_DATA_LIBRARY Global 2 50x) 50 Various E2 C IRI
About Link

NCEP Global 2 50x2 50 Daily B by = NOAA
About FTP OpeNDAP
X 0,7 50 i 2 I :
NCEP-SFC Global 2 592 5 Daily ] %{f L NOAA APEC CLIMATE CENTER




Download climate projections

» cmip5_daily [Ncode]

| [ Index of /CMIPSDB/ - Google Chrome B
[9 ftp://cis.apcc21.0rg/CMIPSDB/ NAME Code
| Bangladesh BD
Index of /CMIP5DB/
Burma MM
Name Size Date Modified Chile CL
%, [parent directory]
| cmipS_daily BD/ 7/7/16. 10:30:00 AM Cuba Cu
] cmip3 daily BD.zip 29GB 7/14/16, 5:29:00 AM
| cmip5_daily CL/ 7/19/16. 4:48:00 AM Egypt EG
] emipS_daily CL.zip 33.1GB 7/19/16, 1:31:00 PM B .
| cmip3_daily CU/ 7/19/16. 2:02:00 AM Ethiopia ET
L Cllllp.j_dall}-’_CU.le 6.6 GB 7/19/16, 2:45:00 AM Fed erated States Df Michn E.sia FM
L cmipd_dailv EG/ T7/7/16. 8:07:00 AM
_] cmip3_daily_EG.zip 46 GB 7/14/16. 5:48:00 AM India M
b emipS_daily_ET/ 7/7/16. 10:51:00 AM .
) cmipS_daily ETzip 6.0 GB 7/14/16. 6:59-00 AM Indonesia 1D
L) cmip5_daily FM/ 7/7/16, 10:26:00 AM
) cmip5_daily FM zip 6.5GB 7/14/16. 7:58-00 AM Kenya KE
) cmip5_daily 1D/ 7/7/16. 10:41:00 AM =
[ cmip3_daily ID.zip 171GB  7/14/16. 9:45:00 AM Malaysia MY
Ll cmip5_daily_IN/ TI7/16. 8:50:00 AM M a rSh a I I I SI an d g M H
] cmip5_daily_IN.zip 17.2GB 7/14/16. 9:24:00 AM
b cmip3_daily_KE/ 7/7/16. 10:46:00 AM M on g DI | a M N
_| emip5_daily_KE zip 43GB 7/15/16.12:05:00 AM
| cmipS_daily MH/ 7/14/16. 11:51:00 PM M epal NP
] cmip5_daily_ MH zip 41GB 7/15/16. 12:06:00 AM .
| cmip5_daily MM/ 7/7/16. 8:02-00 AM Pakistan PK
] cmip3_daily MM.zip 6.7 GB T/15/16. 12:12:00 AM
L cmip5_daily MN/ 7/7/16. 7:39:00 AM Samoa W5
] emip5_daily MN zip 104 GB 7/15/16. 1:09-00 AM Ta nzZan i a TZ
L) cmip5_daily MY/ T/7/16, 8:13:00 AM
_ cmip3_daily MY.zip 6.3 GB 7/15/16. 1:01:00 AM Thailand TH
Ll cmip5_daily NP/ 7/7/16.10:14:00 AM
[ cmip3_daily NPzip 33GB 7/15/16. 1:28:00 AM Tonga TO
|l emip5_daily PH/ T/7/16, 7:28:00 AM .
U] emip5_daily PHzip 64GB  7/15/16. 1-42:00 AM Vietnam W APEC CLIMATE CENTER
b cmipd daily PR/ 7/25/16. 8:15:00 AM .
Zambia ZM



Install.Packages

» Open “Packages.R”

install. packages("RCurl™)
install. packages( 'ncdfd™)
install. packages{"chron)
install. packages('gstat”)
install.packages("sp")

install. packages( "maptools™)
install. packages("climdex.pcic™)
install. packages("PCICT")
install.packages({"rgeos")

s = Tt [ = I [ S W S e
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Download climate projections

A B
> ° NAME Code
R Scrlpt Bangladesh BD
Burma MM
1 Chile CL
2 library("rRCurl™) Cuba cu
: National Code
4 #User set-up Folder Path Egypt EG
D v il i waf - = === =====================f=================== Ethiopia ET
71 setndT DT/ BUT eaches /TrainingProgram/2016,/R_scripts™) | © .era ed olates of Micronesia
B b o — - - J—_____ India IN
9 Indonesia ID
10 DestDir<-paste("cmip5_daily_",ncode,sep="") Kenya KE
i Fi ists( i Tdi ( iryl
i:lz_ if (! file. exists(DestDir)) {dir.create(DestDir)} Malaysia MY
12 adss = "ftp://cis.apcc?l.org/CMIPSDE/" Marshall Islands MH
14 wrl<-paste(adss, "cmip5_daily_", ncode, ".zip", sep="") Mongolia MN
12 destfile<-paste(DestDir, " /cmip5_daily_",ncode,”.zip",sep="") Nepal NP
17 download.file(url,destfile,cache0k = TRUE, quiet = FALSE) Pakistan PK
18 wunzip(destfile) Samoa WS
19 file.remove(destfile) Tanzania 17
Thailand TH
Tonga TO
Vietnam WM

Zambia M
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Download climate projections

= | cmips_daily_NP =) O X
E =5 £ ~ @

£E o - =4 ot
Hf;ﬂ:fgmu =4 oL % o b
« v > LfPC » = O)£3 (D) » OutReaches » TrainingProgram » 2016 » R_Scripts » cmip5_daily_NP v @& cmip5_da.. @

# HZ 71| oI ) SESH LT o= 37 "
& Dropbox » D pr_day_bcc-csm1-1_historical_r1i1p1_18500101-20121230.nc 2016-07-27 3. NC I+ 9,537KB
§ ne=c P [} pr_day_bcc-csm1-1_rcp4s_r1i1p1_20060101-20991231.nc 2F.. NCIHY 5,503KB
LR * [7] pr_day_bcc-csm1-1_rcp45_ri1p1_21000101-21991231.nc 2F . NC I 5,854KB
=4 . [7] pr_day_bcc-csm1-1_rcp5_rii1p1_20060101-20991230.nc SF.. NC I 5,503KB
= [ pr_day_bcc-csm1-1_rcpa5_ri1p1_21000101-21991231.nc SHE.. NC I 5,854KB
& Google E210IZ4 7y 10 oy bec-csm-1-m_historical_rii1p1_19750101-19991231.nc SF. NC I 8,100KB
= A # [ pr_day_bcc-csm1-1-m_historical_ri1p1_20000101-20121231.nc SF..  NC I 4,216KB
3MEE [] pr_day_bcc-csm1-1-m_rcp45_ri1p1_20060101-20301231.nc oHF . NCIY 8,100KB
Lecture D pr_day_bcc-csm1-1-m_rep45_r1ilp1_20310101-20551231.nc 2H® . NCog 3,100KB
R_Scripts [ pr_day_bcc-csm1-1-m_rep45_rii1pl_20560101-20801231.nc oH MC Ifg 8,100KB
=AEzEeE [] pr_day_bcc-csm1-1-m_rep4s_r1i1p1_20810101-21001230.nc o MNC It 6,481KB
| ] pr_day_bcc-csm1-1-m_rep@5_rii1p1_20060101-20301231.nc 728 MC Dr 8,100KB
£3 Dropbox [ pr_day_bcc-csm1-1-m_rep83_rii1pl_20310101-20551231.nc 728 MC Dr 8,100KB
% OneDrive [7] pr_day_bcc-csm1-1-m_rep83_rii1pl_20560101-20801231.nc oH NC IH 8,100KB
[7] pr_day_bcc-csm1-1-m_rep85_rii1pd_20810101-20991231 nc oH MC It 6,158KB
& i pc [] pr_day_bcc-csm1-1-m_rep83_r1i1p1_21000101-21001231.nc o MNC It 333KB
@ Hzaa [ pr_day_CanESM2_historical_r1i1p1_18500101-20051231.nc e MC Dr 9,130KB
= [7] pr_day_CanESM2_rcp45_r1i1p1_20060101-21001231.nc 2F_. NCIHY 5,564KB
of =12 [7] pr_day_CanESM2_rcp85_rii1p1_20060101-21001231.nc oF . NCIHY 5,564KB
[7] pr_day_cCsM4_historical_ri1p1_19550101-19891231.nc 201 7oF.. NCIHY 13,086KB
D pr_day_CCSM4_historical_r1iip1_19900101-20051231.nc 2 72H NC I 5,988KB
[] pr_day_CCSM4_rcp4s_r1i1p1_20060101-20401231.nc 2 7M. NC I 13,086KB
D pr_day_CCSM4_rcp45_r1i1p1_20410101-20751231.nc 201 272 NC Ih 13,086KB
Plea se ChECk [ pr_day_CCSM4_rcp4s_r1i1p1_20760101-21001231.nc 2 27 QF.. NC Eu% 9,350KB
[7] pr_day_CCSM4_rep8S_rii1pl_20060101-20401231.nc 2016-07-27 2F...  NC THY 13,086KB
th b [7] pr_day_CCSM4_rcpgS_riitpl_20410101-20751231.nc 2F.. NCIY 13,086KE
€ numbper [] pr_day_CCSM4_rcp85_r1i1pl_20760101-21001231.n¢ SF. NC I 9,350KB
. D pr_day_CESM1-BGC_histerical_rilp1_19550101-19891231.nc SHE. NC I 13,086KB
Of Item s D pr_day CESM1-BGC_histerical_rilp1_19900101-20051231.nc SHE. NC I 5,989KB

e e o omm || Pr_d3y_CESM1-BGC_rep4S_rilp1_20060101-20401231.nc OF . NCTIY 13,086K8 o

40737 B= |
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SDQM(DQM & QDM) structure

Main Program

(BCSD_Main.R)

Interpolation
Read Station Data NC reading

(IDW & Kriging)

(Read_Station_Data.R) (NC_Read.R)
(Interpolation.R)

QM-DQM-QDM
(QM-DQM-QDM.R)

Collect data window

(Collect_Data_Window.R)

Select 30Yr future data

(Collect_Data_Window.R)

APEC CLIMATE CENTER ".




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

pppppp




Input data

> Station data set (ODbase/OBS/)

Magarkot Kathmand Panipokhari

" prcp_table.csv A | E c [

1 X _l‘ﬂ’ Elev D
2 | 8535625 27.70383 1337 1D1030
" tmax_ta ble.CSV 3 | B5.52086 27.69335 2147 101043
. 4 | 8532415 27.72864 1329 101039
" tmin_table.csv 5
= Nation_(N)stn.csv
» GCM_names.txt (3Eum)

» GCM climate projections (0Dbase/NCData)
= NetCDF format files

[ T 3 BT R

E F
Ename  Syear
Kathmand 1967
MNagarkot 1971
Panipokh: 1971

0 10
lrorrrrrrrr e

beec-ceml-1-m |
CanESMZ |
CC5M4
CESM1-BGC
CESMI1-CAMS |
CHCC-CHM g

EEEEEEEEEEEEEE




Set up

» Set working directory
= setwd(...)
e Ex: D:/2016TP/3Eum
» Create Output directory
= if(!file.exists("Output")) {dir.create("Output")}
» Connect R functions to main program

= source(...)
e source("Read_Station Data.R")
e source("NC_Read.R")
e source("Interpolation.R")

e source("Collect_Data_Window.R")
* source("QM-DQM-QDM.R")

10y
Yoeses




Read station data

» Read_Station_Data.R

1 # station data reading function
2 # pburing the period of observation, this function extract a period the users specify from Start_vear to End_vear.
3 # var: variable name (prcp, tmax, or tmin)
4 # path_oBs: folder path
5 # Start_vyear: Starting year
6 # End_vear: Ending year
7 # S5TN_OBS: return variable
&~ STN_Data_Read<-function(var,sTN_names,Path_OBS,start_year ,End_vyear,...){
a STN_path=paste(Path_oBs,"/",var,"_table.csv",sep="")
10 DATA_STN =-read.csv({STN_path,head=TRUE)} #vear, mMonth, Day
11 names{ DATA_STN ) =- cf
1z "Iyy'", "ImMm", "IDD",as.character (STN_names))
13
14 - if(DATA_STNIIYY[1]==Start_year) |
15 stavear_obs<-DATA_STNSIYY[1]
16~ T else {
17 stayYear_obs=-5tart_¥year
18 ¥
19
20 Nlength_0BS<-length(DATA_STNIIYY)
21 -  Gif(DATA_STNIIYY[Nlength_OBS]<End_vear) {
22 Endingyear_obs<-DATA_STNSIYY[Nlength_0BS]
23~ T oelse {
24 Endingyear_obs<=-End_year
25 T
26
27 bd.0BS<-as.Date(paste(stavear_obs,"-01-01",s5ep=""))
28 ed.0B5=-as.Date(paste(Endingyear_obs,"-12-31",s5ep=""1)
20 Date.0B5<-as.Date((seql(bd.0B5,ed.0BS5,by="1 day")))
30 STN_OBS <- DATA_STN[DATA_STHNIIYY==Start_Year & DATA_STNIIYY==End_Year,]
31 STN_OBS <- STN_OBS[,4:(3+Tength{sTN_names)) ]
32 STN_OBS<-chind{Date.0BS,5TN_OBS)

33 Freturn{STN_OBS)




Read GCM data

» NC_Read.R
= NC_combine
e Read NC
e Read_HadGEM
* Info.NCfiles

» NC_combinex-
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
" |nverse distance weighting (IDW) method

" For example...

Package ‘gstat’

March 31, 2016

l ’ Version 1.1-3
Title Spatial and Spatio-Temporal Geostatistical Modelling. Prediction
and 3
Description ordinary and universal point or block (co)kriging; spatio-
tempor or indicator (co)simulation; variogram and vari:
V L] L] L L]
ariogram, kriging, idw, etc —
apdata ools. x

» 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,

o)
= Raw_data: 1976-01-01 2.3

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

PN

ey




.
Application of SDMs(QM, DQM, & QDM)

» QM-DQM-QDM.R

» QMc<- 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)

» QDMk<- 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-ll Eum
APEC Climate Center (APCC)




Set essential information

A B
NAME Code
Bangladesh BD
Burma MM
» National code, csv file name, and F*" .
15 » F====================================x===
16 Ncode<-"NP" Cuba cu
17  csv_filename<-"Nepal_2stn.csv" Egypt EG
lg pathoss ovteross” | Ethiopi 3
o Federated States of Micronesia FM
o - India IN
» Information of station data nda__ L
: : Kenya KE
|
Station namelist.csv Vol v
21 station_Info =- read.csv{pastEEPath_GBS,”f“,csv_fi1ename sep-
22 names( station_Info ) <=- c("sTN_Lon' 'STN_Lat","Height","5TN_ ]Marshall Islands MH
attach(station_info) Mongolia MM
M | MNP
> Target variable and GCM names ' e
25 wvariable_sTN<-"prcp" # prcp, tmax, tmin
26 variable_gCcm<-"pr" # pr, tasmax, tasmin Samoa W5
Tanzania TZ
30  Number_sTN=as.numeric(length(station_Infol,1 Thailand TH
31 Number_GCMs=as. numeric({length({cCM_names[,1])’
32 First_¥r_Hist=1976 Tonga TO
33 End_¥Yr_Hist=2005% :
> Others 34 First_yr_Future=2006 "-.-"IE'tnE.lr"l"I VN
35 End_¥r_Future=2099 Zambia ZM
36 Days.Timewindow=15 # +-15 days
37

38 bd.ref<-as.Date(paste(First_yr_Hi st, "-01-01" ,5Ep=" ")

39 ed.Ref<=-as.Date(paste(End_vr_Hist,"-12-31" ,SEp— ")

40 Dpate.Reference<-as.Date((seqlbd. R.E'F ed. ref ,by="1 day"))) APEC CLIMATE CENTER
41  Num_days_current=-as. numer"'lc"'length"DatE REFEPEHEE}}




Data (station and GCMs)

> Read station data

46 STN_Data<-5TN_Data_Read(variable_sTN,5TN_Name,Path_0BS,First_Yr.

48 +# Informatin reagrding aCM data (netCDF files)

49~ F=====————e———ee—————————————————————————————————
50 folder=-paste("D:/2016TP/cmip5_daily_",Ncode,sep="")

» Select a GCM among 26 GCMs

52 GCM_Selected<-cCM_names[1,1]

# GCM's name selected

s L k)

w o=l M

10

=
=

i1z
13
14
15
la
17
18
is

21
22
23
24
25
26
27
28

bocc—-csml-1-m,|
CanESHz
CCS5M4
CESHM1-BGC
CESHM1-CaMS |
CHCC-CM |
CHCC-CMS
CHEM-CHMS
CSIRC-MEZ-6-0
FGOALS—g2
FGOALS—-=s2
GEFDL-CM3 |
GFDL-ESHM2G |
GEDL-ESM2M .|
HadGEM2-A0C |
HadGEM2-CC |
HadGEM2-ES |
inmcmg |
IPFSL-CHMSL-LE |
IPSL-CHMSE-ME |
IPSL-CHMSE-LE
MIROCS
MIRCOC-ESM
MIROC-ESM-CHEM
MPI-ESM-LR .|
MPI-ESM-ME |
MET-CGCH3 |
HorESM1-M |




55
56
38
59
60

Run SDM program

» Read historical and future projection

GCM
GCM.
Ton.
lat.

GCM.

_Hist_all=-NC_combine{folder ,cCM_selected,variable_acM, "historical”,First_yr_Hist,End_¥r_Hist)

Hist=-GCM_Hist_All1%NCData. Tar. Period
GCM=-GCM_Hist_all%lon.NCData #longitude of GoMm
GCM=-GCM_Hist_All%lat.NCData #Latitude of Gom

RCP45<-NC_combine(folder ,cCM_selected,variable_acM,"rcpd 5" ,First_Yr_Future,End_yr_Future) SNCData. Tar.Period

> Spatial disaggregation

" |dw Interpolation (Idw.intepol)

GCM. Hist.intepol=-idw. intpol (STN_Lon,STN_Lat,lon.GCM, lat. GCM,GCM. HIsT ,First_Yr_Hist,End_¥r_Hist)

GCM. RCP45. intepol<-idw. intpol {(STN_Lon,STN_Lat, Ton. GCM, Tat. GCM ,GCM. RCP45 ,First_Yr_Future,End_yr_Future)

# GCM.RCPBS. intepol<-idw. intpol{5TN_Lon,S5TN_Lat, lon.GCM, lat. GCM,GCM. RCPEBS ,First_Yr_Future,End_yr_Future)

colnames (GCM. Hist. intepol)<-colnames (GCM. RCP45. intepol)
GCM.ALL. interpol=-rbind(GCM.Hist. intepol ,GCM. RCP45. intepol) #reference and future (1976-2099)

GCM. Hist. intepol<-data. frame(GCM.HistT. intepol)

GCM. 30%r. Cur<-chind({Date. Reference,GCM. Hist.intepol) # Date, observation[e.g. 1976-01-01 0.0 0.7 ....]

APEL LLIMAIE CENTER §




Run SDM program

» Variables related to date and initializing

82 - B -
83 Date_end_Ref<-as.Date(paste(End_vyr_Hist,"-12-31",s5ep=""1)

84 Date_start_Tar<-as.Date(paste(First_Yr_Hist,"-01-01",sep=""))

85 Date_end_Tar<-as.Date(paste(End_yr_Future,"-12-31",5ep=""))

B6 Date_Tar_Period<-as.Date(seq(Date_start_Tar,Date_end_Tar ,by="1 day")) #from 1976-01-01 to 2099-12-31
87 Date_Ref_Period<-as.Date(seq({Date_start_Tar,Date_end_ref,by="1 day")) #from 1976-01-01 to 2005-12-31
B8

89 Downscaled. Data. gM<=-array(nNa,dim=c(Tength(Date_Tar_Period) ,Number_5TN) )

g0 Downscaled. Data. DQM=-array (NA,dim=c(length(Date_Tar_Period) ,Number_5TN)})

a1 Downscaled. Data. QDM=-array (NA,dim=c(length(Date_Tar_Period) ,Number_5TN))

APEC CLIMATE CENTER ,




Set starting and ending years to simulate

a3 Sim_year_start<-1980

94 Sim_year_End<=-1981

a5 Date_start_Sim=-as.Date(paste(Sim_year_start, -01-01",sep=""))
95 Date_end_5im<-as.Date(paste(5im_year_End, '-12-31",sep=""))

97 Jﬂmémmmi{;a&mmmﬂumLﬁm,ﬂmnﬁ_ﬁm.iby="l day”))
98~ Jfor(i in 1:length{pate_Tar_rPeriod)){

99 I if (Date_Tar_Period[i]==Date_start_5sim) isim_start=i :
100~ 1 4if (sim_year_start==5im_year_End) { I Finding orders
101 ~ : if (sim_year_start %% 4 =0) { 1 f . d
102 isim_End=isim_start+366 i or starting an
103~ §  relse{ = - ending date in
104 isim_End=isim_start+365 I
105 | : I total sequences
106~ 1 7 else { :
107 I if (Date_Tar_Period[i]==Date_end_sim) isim_End=i I
108 1 1
109 |3 I
S ———————————

APEC CLIMATE CENTER 3
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Downscaling

» for (i_Sim in 1: length(Date_Tar_Period) { ...}

116~
117
118 -
119
120
121 -

122 -
123
124
125
126
127

= Reference period (historical) from 1976 to 2005

if (pate_Tar_pPeriod[isim]<=Date_end_ref) { #current(reference) period

e Data collecting from observation and GCM data sets

Data.window. obs<-Collect.Data.window(Date_Tar_Period[15im],5TN_Data,Days. Timewindow,Number_STN) #5tation data
Data.window. GCM. cur<-Collect. Data. window(Date_Tar_Period[i5im],GCM. 30¥r. Cur,Days. Timewindow, Number _STN) #GCM data

 QM-DQM-QDM

for (i5TN in 1:Number_sTN) |
Downscaled.Data.QM[i5im,15TN]<-OM(Data. Window. obs [,15TN] ,Data. Wwindow. GCM. cur [,i5TN],GCM. ALL. interpol [15im,15TN] ,ratio=TRLUE)

pownscaled. Data.pgM[isim,i5TN] <-Downscaled. pata.QM[isim, 15TN]
pownscaled.Data.qom[isim,isTN] <-Downscaled. pata.QyM[isim, 15TN]

APEC CLIMATE CENTE




- m
Downscaling
» for (i_Sim in 1: length(Date_Tar_Period) { ...}

= Future period

e Define future 30 yrs & Data collection

120 - B
130 # Define 30-year future time window with the center of current year
131 - S
132 GCM. 30vr. Fut<-5elect. Data. 30vr (End_Yr_Future,Date_Tar_Period[i5im] ,Date_Tar_FPeriod,GCM. ALL. interpol)

e Data collecting from observation and GCM data sets
133 - B o ___ L
134 # Collecting data within the moving time window (+- 15days) for applying BCSD
135~ B o
136 Data.wWindow. obs<-Collect. Data. window(Date_Tar_Period[i5im],5TN_Data, Days. Timewindow, Number_STN) #5tatio
137 Data. Window. GCM. cur=-Collect. Data. window(Date_Tar_Period[i5im] ,GCM. 30¥r. Cur, Days. Timewindow, Number _STN)
138 Data. window. GCM. fut=-Collect. Data. window(Date_Tar_Period[i5im],GCM. 30Y¥r. Fut, Days. Timewindow, Number _STN)
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Downscaling

» QM-DQM-QDM

139~ B

140 # Bias correction - QM, DQM, QDM

141~ N A - i i it Sl A i el i lii otk

142~ for (iSTN in 1:Number_STN) |

143 Downscaled. Data. QM[151m,15TN] <-QM (Data. Window. obs [, 15TN] ,Data. Window. GCM. fut [, 15TN] ,GCM. ALL. interpol [15im,15TN] ratio=TRUE)

144 Downscaled. Data.DQM[151m, 15TN]<-DQM (Data. window. obs [, 15TN] ,Data. Window. GCM. cur [, 15TN] ,Data. Window. GO, fut [, 15TN] ,GCM. ALL. interpol [15im, 15TN] ratio=TRUE)
145 Downscaled. Data. Q[ 15im,15TN]<-QDM(Data. Window. obs[,15TN],Data. Window. GM. cur [, 15TN] ,Data. Window. GCM, fut [, 5TN] ,GCM. ALL. interpol [15im, 1STN] ,ratio=TRUE)
146 b #15TN
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S
151  # output file

152 % #mmmm oo
153 dir.names<-paste("output/",GM_selected,sep="")
154 if(!file.exists(paste("output/",GCM_Selected,sep=

1)) {dir.create(dir.names)}

155

156

157 Print.QM=-chind(as.numeric(substr(Date_Sim_Period,1,4)),as.numeric(substr(Date_sim_Period,6,7)),

158 as.numeric(substr(Date_Sim_period,9,10)),Downscaled, Data.QM[15im_start:15im_End,])

159 colnames (Print.qw)<-c("vear"”, "month”, "Day",as.character (STN_Name))

160

161 Print.DQM<-chind(as. numeric(substr(Date_sim_Period,1,4)),as.numeric(substr (Date_sim_period,f,7)),

162 as.numeric(substr(pate_sim_Period,9,10)),Downscaled, Data. DoV [isim_start:isim_End,])

163 colnames (Print.DQM)<-c("vear", "Month", "Day",as.character (STN_Name))

164

165 Print.QoM<-cbind(as. numeric(substr(Date_sim_reriod,1,4)),as.numeric(substr (Date_sim_period,6,7)),

166 as. numeric(substr(Date_sim_period,9,10)),Downscaled. Data. goM[isim_start:isim_End,])

167 colnames (Print.qDM)<-c("vear", "Month", "Day",as.character (STN_Name))

168

169

170 filenames_gM<-paste(dir.names,"/",variable_STN,"_",GCM_Selected, . daily. downscaledByBCsD_oM_", Sim_year _start,”_",5im_year_End,". txt",sep="")
171 filenames_DQM<-paste(dir.names,” /" variable_sTN,"_",GCM_Selected, . daily. downscaledByBCSD_DOM_",Sim_year_start,”_",Sim_year_End,".txt",sep="")
172 filenames_oDM<-paste(dir.names,” /" variable_sTN,"_",GeM_Selected, . daily. downscaledByBCSD_0DM_",Sim_year_start,”_",Sim_year_End,".txt",sep="")
173

174

175 write.table(round(Print.qM,3),file=filenames_QM,row.names = FALSE,col.names = TRUE,sep=" ")

176 write.table(round(Print.DoM,3),file=Filenames_DOM,row. names = FALSE,col.names = TRUE,sep=" ")

77 write.table(round(Print.qom,3),file=f1lenames_QDM,row. names = FALSE,col.names = TRUE,sep=" ")

17R
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D |
For TMAX and TMIN
» Change target variable

* Variable STN<-"tmax”
* Variable  GCM<-"tasmax”

24  wvariable_sTN<-"prcp” # prcp, tmax, tmin
25 wvariable_GcCM<-"pr" # pr, tasmax, tasmin
26

27  GCM_names <- read.table("&CM_names. txt")
TR




Running SDM
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Simulation period

» Set start and ending year to simulate

89 Sim_year_start=-1981

a0 Sim_year_Eﬂdﬁ—lQEl

91 Date_start_Sim=-as.Datel paSte (Sim_year_ ﬁtart "-01-01" Sep-
92 Date_end_5im=-as.Datel paSte 51m_year End, —12 31", sep="")
93 Date_sim_Period=-as.Date(seqgiDate_ Etart _5im,Date_ End _sim, by "1 day")
94~ for(i in 1:length{Date_Tar _Period)’

95 if iDate_Tar_Periud[i]==Date_5tart_51mj isim_start=i

96 -~ it (sim_year_start==5im_year_End) {

97 - if (Sim_year_start %% 4 ==0) {

98 isim_End=isim_start+366

99 - T else {

100 isim_End=isim_start+365

101 T

102 ~ Foelse {

103 if (Date_Tar_Period[i]l==Date_end_sim) isim_End=i

104

105

» Output
" {Sim_start : number of order for start year
" iSim_End: number of order for ending year

APEC CLIMATE CENT




Simulations

» Change variable
= tmax, tasmax...

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

» Run individually




Analysis outputs |
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Time series plot

» Open data we generated

183 Path_output<-"D:/2016TP,/3Eum/Output, /bcc-
184 filenames_qDM<-paste(Path_output, "prcp_k
185 filenames_DOM<-paste(Path_output, "prcp_k
186 filenames_gM<-pastePath_output, "prcp_be
187
188 GCM.ALL. interpol=-data. frame{GCM. ALL. int =
189 GCM.ALL. interpo]_date<-chind{Date_Tar_Fe -
190 GCM.ALL. interpol_Sim=-GCM. ALL. interpol_c
191 DaTA_QDM =-read. table(filenames_gDM, heac
152 DATA_OQDM<-chind{Date_sim_Period, DATA_QDN
193 DATA_DOM <=-read.table(filenames_DgM, heac
194 DATA_DOM<-chind{Date_sim_Period, DATA_DQN
195 DATA_QM <-read. table(filenames_gM,head=1= 8§ |
196 DATA_QM=-cbhind(Date_sim_Period,DATA_QM[, = ©
8|
<
> Plot 3
0
2
198 plot(Date_sim_Period,DaTA_QDM[,3],Type
1949 Tines(Date_sim_Period,GCM. ALL. interpol
200 Tines(Date_sim_Feriod,DATA_DOM[, 3], TyE
201 lines(pate_sim_Period,DATA_QM[, 3], Type | ‘
|} | | ’J ’ | A
o - mn.|-|l..lll...-‘..'l.'l.—l. ....'.'ﬁ--'ll--\'I."m'ulll"rl'rl'fll'h__n'xl\...i. ﬂ‘\ M.LJ"(W- L J ML M\L‘I;lu'-r\n"'tl.lll ek

T T T
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Date_Sim_Period




Quantile-Quantile (Q-Q) plot

» Summer (JJA)

204 Index.Obs. Summer<-| 18")
205 OBS_Summer<-STN_Dat QDM GCM
2086 OBS_STN1<-0BS_Summs
207 OBS_STN1<-OBS_STN1| o o
208 &
209 Index.GCM. summer<-1 ° itr (GCM. ALL. irr
210 GCM_summer <-GCM, ALL
211 GCM_STNL<-GCM_Summé o |
212 = ©
213 Index. QDM. Summer<-| 18")
214 QDM_Ssummer<-DATA_QIL
215 OQDM_STNL<-QDM_Summe o

S

8 k5

217 + #====—==———eeeee @ w Q- °
218 # quantile-quantil® 2 g
219 £ £
220 par (mfrow=c(1,2)0 a
221 qgplot (0B5_STNL, ="qDM" )
222 Tines(OB5_STN1,C. 9 -
223 S
224 ggplot (OB5S_STN1, ="GCM" )
225 lines(0OBS_STN1,C
275 QA

o o -

T T T T T T T T T T T T
0 50 100 150 200 250 0 50 100 150 200 250
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Intercomparision of quantiles

228 krindows ()
229 prob<-seq(0,1,0.01)
230 guantile.obs- ~ranrilaines oTh1 neak)
231 quantile. GCM-
232 quantile.qDm-
233
234 plot (quantil )
235 Tines(quanti
236 Tines (quanti™ & 7
237
238 legend("left
239 Tty=c T = 300)
B OBS
-
- QDM s}

100
|
=]

o o
[
w o o
&% ot o
ooogooo
002% go0 50°
@§§ 90068888882222200000000
[sXeYeRaYele}
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Climate signals

> Install.packages(...)
= “climdex.pcic”
= “pPCICt”
» 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 | D |Reltedwrible]  Desipton | Unit_

P su Summer day, TMAX > 25°C Days
- 2 |y Ice days, TMAX < 0°C Days
ER . Min TMAX oC
| 4 W TMAX Max TMAX o
— TX10p Cool days, TMAX < 10t percentile %
P ™X90p Warm days, TMAX > 90t percentile Days
WSDI Warm spell duration, TMAX > 90t percentile Days
“ FD Frost days TMIN < 0°C Days
“ TR Tropical nights, TMIN > 20°C Days
[ 10 [ Min TMIN oC
R TN, TMIN Max TMIN oC
TN10p Cool nights, TMIN < 10t percentile %
TN9Op Warm nights, TMIN > 90t percentile %
CSDI Cold spell duration, TMIN < 10t percentile Days
DTR Diurnal temperature range °C
TMAX & TMIN )
GSL Growing season length Days
CDD Consecutive dry days, PRCP < Tmm Days
“ CWD Consecutive wet days, PRCP > Tmm Days
PEER prePTOT Annual total PRCP in wet days (daily PRCP > 1mm) mm
“ Rx1day Max 1-day precipitation mm
I Rxsday PRCP Max 5-day precipitation mm
R95pTOT Annual total PRCP when daily PRCP > 95 percentile mm
R99pTOT Annual total PRCP when daily PRCP > 99 percentile mm \TE CENTER
SDll Simple daily intensity index mm/day




.
Sample data

» CCSM4

> Downscaled at 60 stations from 1976 to 2099
= TMAX T B B

1 1976 1 1 4.6000 -2.8000 0.0000
2 1976 1 2 5.5000 -0.4000 0.0000
- 3 1976 1 3 6.5000 0.4000 0.0000
TMIN 4 1976 1 4 7.2000 0.8000 0.0000
5 1976 1 5 9.0000 1.0000 0.0000
6 19768 1 & 8.5000 2.7000 0.0000
[} PRCP 7 1976 1 7 10.5000 2.2000 0.0000
8 1976 1 & 6.0000 -3.0000 0.0000
3 1878 1 8 2.5000 -4.4000 0.0000
10 1876 1 10 1.1000 -4.7000 0.0000
11 1876 1 11 3.8000 -3.1000 0.0000
1z 1878 1 12 6.8000 -0.3000 0.0000
13 1378 1 13 7.1000 -1.7000 0.0000
14 1876 1 14 3.6000 -1.4000 0.0000
15 1878 1 15 5.0000 -2.8000 0.0000
16 1378 1 16 5.1000 -1.1000 0.0000
17 1876 1 17 6.6000 0.7000 0.0000
18 1378 1 18 7.4000 -1.5000 0.0000
18 1378 1 19 4,4000 -2.5000 0.0000
20 1876 1 20 6.7000 -0.7000 0.0000
21 1378 1 21 12.7000 5.8000 0.8000
22 1378 1 22 10.7000 -0.1000 0.0000
23 1976 1 23 4,5000 -3.7000 0.1000
24 1378 1 24 6.1000 -2.8000 0.0000 JESS—
25 1378 1 25 5.4000 -6.5000 0.0000 s

o,




Climate signals.r

1 1install.packages("climdex.pcic™)
2 install.packages("pCICL")
3
4 Tdibrary(climdex.pcic)
5 Tlibrary(PCcIct)
6 #library(ksamples)
Fi
B setwd("D:/OutReaches/TrainingProgram/2016/R_Scripts/analysis")
9 source("cal_signal.r")
10
11 station_Info =- read.table("station_xyZ.prn",header=TRUE)
12 names( station_Info ) <- c("STN_Name", "STN_Num”, "Lon", "Lat","Height")
12 attach(station_Info)
14
15 GCM_names <- "CCsM4”
s~ - - —ewe—e-—-—e-—-—----—--—s-r-w--——0—

17  Number_GCMs=1

18 Number_STN=60

19 Timewindow=30

20 First_yr_Hist=1976

21 End_¥r_Hist=200%

22 First_yr_2020=2008

23 End_¥r_2020=2035

24 First_yr_2050=203§

25 End_¥r_2050=206%

26 First_yr_208B0=2068

27  End_¥r_2080=2095

28  Total_Year=2099-First_Yr_Hist+l
29 Total_year_KS=End_¥Yr_Hist-First_¥Yr_Hist+1l
30 MN_CLIMDEX=24
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Climate signals.r

> Define matrix sizes for variables

= 24 ETCCDI
e Obs, CM, QM, DQM, and QDM

32y Fommmm———— Observed station data
6lr #-———m o — GCMS
90 » #-——————— - QM
119+ #-—-————— - DQM
S - ———————- QDM
177 » #=========================sss==============3
178 #  spatially averaged values
N R LSRR L L L E L L L L EEEEEEEER Lt L LS L L
180 #——-——-——- Observed station
R # - ——————- GCMs
P #——————————- QM
267 ¢ HF-——m————— - DQM
PR #——————————- QDM
325
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Run script and save images

[1j "ccsm4™ GCM name

Station number
(1 to 60)

save. image( CLIMDEX_Signals_CCsm4. RData"”)




CLIMDEX_Singnal_Plot.R

> Install.packages(...)

B  Environment  History =
=% @ | 2 Import Dataset~ | § | (& List~
> . '} Global Environment~
Se wsdi_obs_sTN num [1:30, 1:60] OO0 07 00 0CO0O0OOD0O... ]~
wsdi_qDM_AT1 num [1:124, 1:2] 1976 1977 1978 1979 1980 ... i
> , wsdi_qom_sTN num [1:124, 1:60] 0000000000 ... i
IO¢ wsdi_qM_ATT num [1:124, 1:2] 1976 1977 1978 1979 1980 ... i
wsdi_QM_sTN num [1:124, 1:60] 0000000000 ... 3
values
. cdd_cM Named num [1:124] 18 49 15 17 26 17 13 21 23 31 ...
1 instal g4 pou Named num [1:124] 35 49 27 24 61 28 30 27 25 52 ...
2 librar c4q_qom Named num [1:124] 35 49 27 24 61 28 30 27 25 52 ...
3 librar cdd_am Named num [1:124] 35 49 27 24 61 28 30 27 25 52 ...
4 Jibrar cdd_sTn Mamed num [1:43] 20 29 18 68 65 22 41 27 22 28 ...
o @ ci_cm Large climdexInput (2.6 Mb)
6 setwd( Oci_bgM Large climdexInput (2.6 Mb)
Fi & ci_qDoMm Large climdexInput (2.6 Mb)
8 Toad("Ociom __ Yoo _Larae climdexInout (2.6 Mb) ¥
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Relative change bias

» Difference of signals between downscaling and
climate models

10
11
12
13
14
15
16
17
18
19
20
21

Relative_change_bias_qmM_2020 <- signal_gm_2020-5ignal_cM_2020
Relative_change_bias_qoM_2050 <- Signal_gM_2050-Signal_CM_2050
Relative_change_bias_qM_2080 <- Signal_qM_2080-5ignal_cM_2080

rRelative_change_bias_bpgom_2020
Relative_change_bias_pomM_2050
Relative_change_bias_DoM_2080

rRelative_change_bias_qDM_2020
rRelative_change_bias_qDm_2050
Relative_change_bias_qDvM_2080

&

i -

i

- —
&

=

signal_pom_2020-signal_cm_2020
signal_pomM_2050-5ignal_CmM_2050
Signal_DoM_2080-5ignal_CM_2080

signal_qbm_2020-5ignal_cM_2020
signal_gDm_2050-5ignal_cm_2050
signal_qDm_2080-5ignal_CmM_2080
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Set column names of signals

2 v B
23 # Column names

2 - B
25 colnames(signal_cM_2020)<-c("su™,"ID", " "Tx10p", "Tx90p", "wsDpI","FD","TR", "TN1OP", "TNGOp", "C5DI", "G5SL",

26 “THn, UTXx", TN, TN, "DTR", "PRCPTOT", "R9Sptot”, "R99ptot”, "Rx1day", "RX5day",
27 "sSDII","CDD", "CWD")

28 colnames(signal_cM_2050)<-c("su","ID","TX10p", "TX90p", "wsDI","FD","TR", "TNL1OP", "TNOOP", "C5DI", "G5L",

29 "Txn", TR, "TNRT, "TNX", "DTR", "PRCPTOT", "RO5ptot"”, "RO9ptot"”, "R¥1lday", "RX5day",
20 "spII","CDD", "CWD")

31 colnames(Ssignal_cM_2080)<-c("su”,"ID","Tx10p", "TX90p", "wsD1","FD","TR","TNLOP","TNOOp","CSDI", "GSL",

32 “THnT, UTHx", "TNRT, TN, "DTR”, "PRCPTOT™, "ROSptot”, "ROOptot”, "R¥1day", "RXS5day",
33 "SDII","CDD", "CWD")

34 colnames(signal_qDm_2020)<-c("su™,"ID", "Tx10p", "Tx90p", "wsDI","FD","TR", "TN1OP", "TNSOp","C5DI", "G5L",

35 TN, UTHx", "TNRT, "TNXT, "DTR", "PRCPTOT", "R9S5ptot”, "R99ptot”, "R¥1day", "RX5day",
36 "sDII","CDD","CWD")

37 colnames(5signal_QDM_2050)<-c("su"”,"1D","TX10p", "TX20p", "wsDI","FD","TR", "TNL1OP", "TNGDP","C5DI","GSL",

38 "THn", THx", "TNRT, TN, "DTR", "PRCPTOT", "ROSptot”, "ROOptot"”, "R¥1day", "RXS5day",
30 "sDII","CDD", "CWD")

40 colnames(Signal_QDM_2080)<-c("su™,"ID", " "Tx10p", "TX90p", "wsOft", "FD","TR", "TN1OP", "TNOOp","C5DI", "GSL",

41 “THn, UTXx", TN, TN, "DTR”, "PRCPTOT™, "RO9Sptot”, "RO9ptot”, "Rx1lday", "RX5day",
42 "SDII","CDD", "CWD")

43 colnames(signal_gM_2020)<-c("su","ID","T>X10p", "TX90p", "wsDI","FD","TR", "TNLOP","TN9Op","C5DI", "GSL",

44 "Txn", TR, "THNRT, "TNX", "DTR", "PRCPTOT", "RO5ptot"”, "R99ptot"”, "RX1lday", "RX5day",
45 "sDII","CDD","CWD")

46 colnames(signal_qM_2050)<-c("su","ID", " "Tx10p", "TX90p", "wsDI", "FD","TR", "TNLOP", "TNOOp", "CSDI","GSL",

47 TR, UTHxT, UTNRT, TN, "DTR”, "PRCPTOT™, "ROSptot”, "ROOptot”, "R¥1lday", "RXSday",
48 "SDII","CDD", "CWD")

49 colnames(signal_gM_2080)<-c("su","ID","Tx10p", "TX90p", "wsDI","FD","TR", "TNLOP", "TNGOp", "C5DI", "GSL",

50 “THn, UTXx", TN, TN, "DTR", "PRCPTOT", "R9Sptot”, "R99ptot”, "Rx1day", "RX5day",
51 "sSDII","CDD", "CWD")

52
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Barplot

» par(mfrow=c(3,1))

53 windows ()

54  par(mfrow=c(3,1))

55 barplot(signal_cM_2020[1,1:11],1as=3,col="red",ylab="5ignals" ,main="20205")

56 barplot(signal_cM_2050[1,1:11],1as=3,col="red",ylab="5ignals",main="20505")

57 barplot(signal_cM_2080[1,1:11],Tas=3,col="red",ylab="5ignals" ,main="2080s") -

— | 58

Signals
0246 8

¥ 59 windows () g‘? 3 4
3 o 60 par(mfrow=c(3,1)) F & o
61 barplot{signal_gpM_2020[1,1:11],1as=3,col="blue",ylab="5ignals" ,main="20205")
62 barplot{5signal_gbM_2050[1,1:11],1as=3,col="blue",ylab="5ignals" ,main="20505")
63 barplot{signal_gbpM_2080[1,1:11],1as=3,col="blue",ylab="5ignals" ,main="2080s")
o4
6% windows()
o S 66 par(mfrow=c(3,1))
g g 67 barplot{signal_gM_2020[1,1:11],7las=3,col="black",ylab="5ignals",main="20205") .
e . 68 barplot{signal_gM_2050[1,1:11],Tas=3,col="black",ylab="5ignals",main="20505") -
- | 69 barplot(signal_qw_2080[1,1:11],Tlas=3,col="black",ylab="5ignals",main="2080s")
0 70 s 3 .
2 e & ¢ ¥ "E E £ £ 8 8 3 o x x § —w £ & & 8 8
2080s 2080s
“H__Hl = m_ N III-I

-10

_l
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o
o
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4
[
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>
%} a
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Plotting other ETCCDI

» Signal_CM _2020
= 24 ETCCDI
> Plot precipitation-related ETCCDI

barplot(Signal_cM_2020[1,c("PRCPTOT", "RO5ptot"”, "R99ptot"”, "R¥1lday", "RX5day") ], las=3,col="red",
ylab="5ignals" ,main="20205")




Plot relative change bias

» Set column names for relative change bias

variables

colnames (Relative_change_bias_gM_2020)<-c("su","1ID"," "TX10p", "TX90p", "wsDI","FD","TR", "TN1OP", "TNSOp","C5DI", "G5L",

"Txn", T, "TNRY, TN, YDTRY, "PRCPTOT, "R95ptot”, "R99pTot”, "RX1day", "RX5day",

"spII","CDD", " "CWD™)

colnames (Relative_change_bias_gM_2050)<=-c("su","ID","Tx10p", "Tx90p", "wsDI","FD","TR", "TN1OP", "TN2Op","C5DI", "GSL",

"Txn", T, "TNRY, TN, YDTRY, "PRCPTOT, "R95ptot”, "R99pTot”, "RX1day", "RX5day",

"spII","CDD", " "CWD™)

colnames (Relative_change_bias_qM_2080)<-c("su","1D"," "TX10p", "TX90p", "wsDI","FD"," "TR", "TN1OP", "TNSOp","C5DI", "G5L",

"Txn", T, "TNRY, TN, YDTRY, "PRCPTOT, "R95ptot”, "R99pTot”, "RX1day", "RX5day",

"spII","CDD", " "CWD™)

colnames (Relative_change_bias_bpoM_2020)<-c("su","ID","Tx10p","TX90p", "wsDI","FD","TR","TNL1OP", "TNDOp","C5DI", "G5L",

"Txn", T, "TNRY, TN, YDTRY, "PRCPTOT, "R95ptot”, "R99pTot”, "RX1day", "RX5day",

"spII”,"CDD","CwWD")

colnames (Relative_change_bias_poM_2050)<-c("su","ID","Tx10p", "TX90p", "wsDI", "FD","TR","TNL1OP", "TNDOp","C5DI", "G5L",

"Txn", T, "TNRY, TN, YDTRY, "PRCPTOT, "R95ptot”, "R99pTot”, "RX1day", "RX5day",

"spII","CDD", "CWD™)

colnames (Relative_change_bias_poM_2080)<-c("su","ID","Tx10p", "TX90p", "wsDI","FD","TR","TN1OP", "TNDOp","C5DI", "G5L",

"Txn", T, "TNRY, TN, YDTRY, "PRCPTOT, "R95ptot”, "R99pTot”, "RX1day", "RX5day",

"spII","CDD", "CWD™)

colnames (Relative_change_bias_qDM_2020)<-c("su","ID","Tx10p", "TX90p", "wsDI", "FD",""TR","TNL1OP", "TNSOp","C5DI", "G5L",

"THn", T, "THNN, TN, "DTR", "PRCPTOT", "RO5pTot”, "R99ptot ", "RxAday", "RX5day",

"spII","CDD", " "CWD™)

colnames (Relative_change_bias_qDM_2050)<-c("su","ID","Tx10p", "TX90p", "wsDI", "FD",""TR","TNL1OP", "TNDOp","C5DI", "G5L",

"TXn", "TXx", "TNR", "TNx","DTR", "PRCPTOT", "RO5ptot", "RO9ptot", "RXlday", "RXSday",

"spII","CDD", " "CWD™)

colnames (Relative_change_bias_qDM_2080)<-c("su","ID","Tx10p", "TX90p", "wsDI", "FD","TR","TNL1OP", "TNDOp","C5DI", "G5L",

"Txn", T, "TNRY, TN, YDTRY, "PRCPTOT, "R95ptot”, "R99pTot”, "RX1day", "RX5day",

"spII","CDD", " "CWD™)
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Absolute change bias

Plot relative change bias

> Plot
windows () QM QDM

par (mfrow=c(3,1)) g

b,_ar‘p'lotERE'Iative_change_biaS_QM_Z.?E?ED[]_,lz:lE],'Ias=3,cn'|="r‘ed" fy]ab "absolute change bias” ma1n=2°3&?05",y]‘im=c£—l.0,2.0}}
Barplot (Relative_change_bias_qM_2050[1,12:18] ,'Ias=3,::0'|="r‘ed"§;ﬂa ="absolute change bias",main="20530s",ylim=c(-1.0,2.0))
afplot(Relative_change_bias_qM_2080[1,12:16],1a5=3,col="red" Zﬂia ="absolute change bias",main="2080s",ylim=c(-1.0,2.0))

Vi d I S @0 e S
patt (mfrow=c(3,1))

ba p'lc:t"Rﬁ'latwe chafge_bias_DQM _2020[1,1246],1as=3 ,El="blue" ,y ab="abgolute change bias" ma'i,?i1="20205",yé'im=::[—l.0,§.0}}
barplot(Relative_change_bias_DOM_2050[1,12:16],1as=3,col="blue",ylab="Absolute change bias",main="2050s",ylim=c(-1.0,2.0))
I::ar‘p'lotERE'Iatwe_change_biaS_DQM_EDBD[l,12:16],1a5=3,co1="b1ue",}r'lab="Absu1ute change b'ias",ma1'r1="20805",y]‘im=c£—l.0,2.0}}

AbsBlute

windows () 2050s
&ar (mfrow=c(3,1))

I:: p'lothe'latwe change_bias_qpM_2020[1,12:16],1as=3,col= "b]a@(" lab="absolute change bias",main="2020s",ylim=c(-1.0,2.0))
ba p'lc:t"Re'latW-aE_qm _2050[1,12:16],7as=3,col="blag jy{lab="absolute change bias",main="2050s",ylim=c(-1.0,2.0))

béa plot(rRelativ as_0ooM_2080[1,1p:16 1aw1a§<“g Tab= Absu'luteWas Main="2080s",ylim=c(-1.0,2.0))
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Plot SU time series

160 plot(c(First_¥Yr_Hist:2099),su_Ave_CM,type="n",xlab="vear",ylab="su[Days]",y1im=c(0,200))
161 Tines{c(First_yr_Hist:2099),s5u_Ave_CM,col="red", Twd=2)

162 Tines(c(First_¥r_Hist:2099),su_Ave_QM,col="green",lwd=2)

163 Tlines(c(First_yr_Hist:2099),su_Ave_DQM,col="0Orange"”, lwd=2)

164 Tines(c(First_¥r_Hist:2099),su_Ave_0QDM,col="bTue",Twd=2)

165 Tdines{c{First_yr_Hist:2005),s5u_Ave_obs,col="black"”, Twd=2)

166 legend("topleft”,legend=c("GcMs","BCSD/OM", "BCSD/DQM", "BCSD,/QDM", "0BS"),

167 col=c("red"”,"green”,"orange”,"blue”,"black”) ,bg="white", lty=1,text.font = 100)
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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

pppppp




Boxplot

202 rx5day_»
203 rx5day_»
204 rx5day_»
205 rx5day_s
206 rx5day_s
208 rx5day_s ~— QoM_2080[,21)

C
210 boxplot (T3
211 abline(rd3

¥.axis=1.2)

100 200 300 400 500 600 700 800
Lo
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