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Let me know your...

» Responsibility in workplace?

> Motivation to be here?

» What do you expect to learn from 2017 APCC
Training Program?
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Today practice class covers...

» How to select GCMs suitable to a region of interest
= Temporal and spatial patterns

» Statistical downscaling GCMs selected at stations

» Analysis
= Climate indices
= \ariogram curve

* Correlation between multiple points

= Miscellaneous analysis
* Weighting, Uncertainty, etc




SQM VS SDQDM

» What is SQM?
" Daily-based?
" Moving window?
= Bias-Correction

e Bias-correction in marginal distribution

— Quantile mapping




Simple Quantile Mapping (SQM)

» Sampling monthly data to build ECDF

> GCM data > Spatial downscaling » Bias correction
Inverse distance
(reference) ) hod OBS and GCM
; weighting metho
Period and quantile map
Future Disaggregate GCM valu Apply the developed
. es to target points . .
Period quantile mapping to

(e.g. stations)
future GCM data




Spatial Disaggregation-Quantile Delta Mapping
(SDQDM)

» Daily-based?
» Moving window?
= 15-day or one month
" Need to bias-correct with new sampling everyday?

» Preserve GCM-driven relative changes at all
quantiles
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SDQDM
» Temperature
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APCC Integrated Modelling Solution (AIMS)

Signup | Forgot your password?




Project and selection of climate scenarios
in AIMS

s, |+ NEW project 11

Search for project Solution) Personal Edition.
2017/08117
Papua New Guinea Test Project Nimomimm A bbb Em ol
®°e APCC Integrated Modeling Solution

Thailand Test Set

e0e APCC Integrated Modeling Solution

€ New Project

Please select a method of downscaling.

Downscaiing Methocs € Select a Country News
r-----------
Climate Change Please select a country. Welcome to the AIMS (APCC Integrated Modeling
I Climate change is ... Solution) Personal Edition.
- L
Seuo! - I::: :‘ Version 0.2 (unstable) is released.
Bangladesh 2017/08/16
Version 0.1 (unstable) is released,
Bhutan 2017/08/15
Cambodia
Fiii
India
Indonesia
Malaysia
Myanma
Nepal
Pakistan
Papua New Guinea APCC NTER
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Make your own project name

[ oW ) APCC Integrated Modeling Solution

€ New Project News

Enter the name of project. Welcome to the AIMS [APCC Integrated Modeling
I Solution) Persanal Edition.
' Climate Change (Bhutan) 2017-7 2017/0817

L B B _ B B B i i B B B B B B B B B B B _ B _ B _B_ /|
Version 0.2 (unstable) is released.

R—— 2017/08/16

Version 0.1 {unstable) is released,
2017/0815

APCC
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Project page
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S
APCC Integrated Modelling Solution (AIMS)

> Workflow

Data . Down-
Sources Uploading Evaluate Scaling

local data OBS (SQM or

(e.g.
CMIP5) (OBS) uploaded SDQDM)

Raw
GCM
analysis

GCMs Extreme Miscella-

Variogram

Climate Analysis

Indices

neous
Analysis




Data structure in APCC Downscaling Platform

Database Project
I- N N B BN B B B B B B |
Data 1
[
I Data 2
I N S S e
[ . :
: . : Downscale :Output
I Data N [ RawGcmAnalysis data
[
l- L — ClimateIndex

Input data

WeigtFactorUnt

L-----

[
[
[
SpatialRepdb I
[
]




Data Source Card

Salact one or more data sources. Internet connection is required for this task.

B CMIPS
Couplad Model Intercomparison Project Phase 5

e
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Data source

» APCC Data Service System
" adss.apcc2l.org

DataSet Areal Coverage  Grid Size Time Step Access Source Requirements
APCC-MME(E-MON) Global 25<25(degre)  Monthly B oy = APCC Login

About FTP OpeNDAP

APCC-MME(3-MON) Global 25<26(degres)  Monthly B oy OEAD APCC Login
About FTP

NDIVIDUAL-MODEL(6-MON) Global 252 5(degree) Monthly E ﬁ‘ BE» APCC Login
¢

NDIVIDUAL-MODEL(3-MON) Global 2 5x2 5{degree) Monthly B Gy OEAD APCC Login
About FTP

CORDEX-SEA25 Regional 25km Daily E ﬁ‘ DE» APCC
A

CORDEX-SEAS0 Regional 50km Daily B G DE» APCC
About FTP

National level (22 Depending on Ry 3
Clipped CMIFS Countries) GCMs Daily About ;-ir;lv OpeNDAP ESGF
IRI_DATA_LIBRARY Global 2.5=2 5(degree) Various = (F: IRI
About Link
NCEP Global 2.5=2.5(degree) Daily 2 ﬁ' = NOAA

About FTP OpeNDAP

NCEP-SFC Global 2.5x2 5{degree) Daily B G OE” NOAA
About FTP

NOAA-OLR Global 2.5<2.5(degree) Daily E @ Dg» NOAA APEC CLIMATE CENTER 1§
A




Clipped CMIP5 data

Clipped CMIPS data

The climate change scenario data provided on this website was generated in a manner to ensure user convenience when carrying out climate chanoe
impact assessments in the field of application. The data was obtained througt Table 3. Available meteorological variables based on GCMs and RCP scenarios.
(https.//pcmdi.linl.gov/search/cmipS/). This data was originally generated thro
is a collection of coordinated global-scale multi-model data. Table 1 indicates Historical RCP4.5 RCP8.5
was clipped from the aforementioned global-scale multi-model data using the ~ No GCMs
PR X TN WD SR RH PR TX TN WD SR RH PR TX TN WD SR

Table 1. Available national-level data based on clipped CMIPS climate change = 1 bee-csm1-1-m o O O O o O o O O
Name Code XM, bec-csmi O 00O 0O OO OO O 0 0 0 0 0 0 o0 O
Bangladesh BD 88.0
3 CanEsM2 o o O O o O O O O O o O O o O o o
Bhutan BT 88.7
4 CCSM4 O O O o O O o O O
Burma MM 921
Cambodia KH 102 5 CESM1-BGC o O O o O O o o O
Chile CL 109 5 CESM1-CAMS O O O O 0O O O o0 o
Colombia co -81.7
7 CMCc-CM o O O o O O o O O
Cuba Cu -54.5
8 CMCC-CMS @] Q Q Q o] Q Q Q o]
Egypt EG 24.7
Ethiopia ET 33.0 9 CNRM-CM5 @] Q (o] Q o] @] o Q o]
Federated States of Micronesia FM 1380 10 CSIRO-MK3-8-0 o O O o o © o O 0
Fil F 180 FGOALS-g2 O O O O O © O O O©
India IN 68.1
12 FGOALS-s2 0] O 8] @] o] O O 0] @]
Indonesia 1D 95.0
13 GFDL-CM3 (@] Q Q Q 0] o O 0] O

14 GFDL-ESM2G c o o o ¢ o o o o o o o o o o o o




Local Data Card (1)

» If you do not have local observed data
= Select GHCN = Not activated yet...
> If not, i.e. you have a local data set

= Select “Custom Local Data”

You can download pre-calculated local observed data (GHCN observation data) or upload your own
observed data. GHCN Observation data is disabled in the current version.

© Custom Local Data

Instruction on preparing custom local data files

See the detailed instruction for more information. Internet connection is required for this task.

1. Station Data 2. Observation Data 3. Import Files

First save station data For your observed data, save When you are ready with all
template file in your local the template file in your local files, click below button.
computer and fill in the file. computer and rename the file

Do not rename or deleta 3 to match the station ID given 3

header row in the csv file, in the station data file. Fill in

the csv file. Copy the file and
repeat the process for all your
station IDs.

APEC CLIMATE CENTER
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Remarks in Local Data Card

» Just keep the form of template file
= Do not rename or delete header
» Missing data

= Please check if there is a considerable portion of
missing values in your data

* May distort the results of raw GCM analysis in next card
» In the case of multiple stations,
= Please check all stations have a same period

> Station ID should be same with file names of station
data

EEEEEEEEEEEEEE




Upload local data

[ ol ] AIMS - Papua New Guinea Test Project

Station / Data file Importer

Step 1: Upload station information file Step 2: Upload observation data files

:Dra.g and drop the station
linformation file here.
|
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Evaluate Observed Data Card

Evaluate Observed Data

Before you downscale the observation data, we highly recommend you to evalute your data with this
tool. This section will generate the summary of the observation data, and graphs for each varables.

Variables
| tasmin | sfowind | rhs | rads|
Period
Start Year End Year
Obsarved 19949 w 2016

» Eliminate stations inducing incorrect analysis by
" High rate of missing data
= Errors in measuring

i
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Evaluate Observed Data Card

> Look up the results at
= S(Project)/Observed/User/summary

» Select stations to be used for remaining work
flow

svecs




Downscale Card (1)

Ch [ EoN AIMS - Papua New Guinea Test Project
) (
a > )

Project Name
GCM names
. Papua Mew Guinea Test Project
Target Country
Scenario
RCP4.5 . -
Representative Goncentration Pathway (RGF) 4.5 Scenarios "
\ RCPE.5
[ | Representative Concentration Pathway (RGF) 8.5 Scenarios
Variables Data Source
] ‘ u Open working directory ~ Show log
Reset section
Period
Start Year End Yaar Dwin
Observed 1979 - 2008 Open working directory
Reset section
Historical (GCM) 1976 - 2005
Future (GCM) 2010 - 2039 Downscale
2040 - 2089 ™=
APEC CLIMATE CENTER
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Downscale Card (2)

» Downscale method

= SQM
* Very fast

* To select GCMs, run only SQM first...then go to next
section

= SDQDM
* Well preserve GCM-driven climate signals
* Requires a considerable computational time

EEEEEEEEEEEEEE




Downscale Card (3)

» Need a huge computational time to complete an
assigned work for your project
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Downscale Card (4)

> Look up output data at
= S(Project)/Downscale/SQM or SDOQDM
" Original, historical, rcp45, rcp85

@U" .+ Computer » My Passport (E) » APCC_TP_2017 » Platform_Test » TH_Pril » Downscale »

Organize » Include in library «

~{ Favorites
Bl Desktop
& Downloads

=l Recent Places

il Libraries
3 Documents
J'- Music
[ Pictures

BB videos

1% Computer

ih Netwaork

Share with «
Name

| 0BS
| SDQDM
| SQM

v|&,” Sea

Date modified

17/08/2017 9:36 A1 Organize =
17/08/2017 1216 .,
7/08/2017 9:29 Al

i Favorites
Bl Desktop
4. Downloads

1= Recent Places

4 Libraries
3 Documents
J‘. Music
|| Pictures

B videos
18 Computer

‘i MNetwork

Include in library =

Share with +

New folder

Name

[EL] TH431201_SQM_CCSMA_historical
5] TH431201_SQM_CCSM4_historical_original
&) g
(EL] TH431201_SQM_CCSMA_rcpd5
5] TH431201_SQM_CCSMA_rcpd5_original

p 9
(EL] TH431201_SQM_CCSM4_rep85
2] TH431201_SQM_CCSM4_rep85_original
= peS_orig
[EL] TH431301_5QM_CCSM4_historical
4] TH431301_SQM_CCSMA4_historical_original
&) 9
[EL} TH431301_SQM_CCTSMA_repds
=] TH431301_SQM_CCSM4_rcpd5_original
&) p43_orig
[EL) TH421201_SQM_CCTSM4_rep8s
[EL} TH431301_SQM_CCSM4_rep85_original
[EL} TH431401_SQM_CCSMA4_historical
@ TH431401_5QM_CCSM4_historical_original
[EL] TH431401_SQM_CCSM4_repd5
(L] TH431401_SQM_CCSM4_repd5_original
(L] TH431401_SQM_CCSM4_rep85
(2] TH431401_SQM_CCSM4_rep85_original

@uv‘ . %« APCC_TP_2017 » Platform_Test » TH_Prjl » Downscale » 5QM » CCSM4

Date modified

08/2017 9:36 AM
8/2017 9:36 AM
/2017 9:30 AM

/08/2017 9:30 AM
17/08/2017 9:30 AM
17/08/2017 9:30 AM
17/08/2017 9:36 AM
17/08/2017 9:36 AM
17/08/2017 2:30 AM
17/08/2017 2:30 AM
17/08/2017 9:30 AM
/2017 9:30 AM
/2017 9:36 AM
f08/2017 9:36 AM
08/2017 9:31 AM
8/2017 9:30 AM
/2017 9:31 AM
/2017 9:31 AM

v|‘?|| Sea

Type

Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...

Microsoft Excel C...

h CCSM4

Size
246 KB
336 KB
1401 KB
1,032 KB
1,405 KB
1,032 KB
246 KB
336 KB
1428 KB
1073 KB
1434 KB
1,033 KB
246 KB
336 KB
1399 KB
1,038 KB
1,398 KB
1,038 KB

CENTER




Raw GCM Analysis Card (1)

» Temporal s

= Correlatic |
GCM and

-1.00

-090

-0.80

» Spatial pati
= Pattern c

A general circul:
general circulati

Precipitation

Tamperatura

-0.20

0.50

0.60

0.80

0.90
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Raw GCM Analysis Card (2)

30-

» Look up R
= S(Projec L

10

20-

prep_Rank

temp_Rank

(1) bec-csm1-1-m

(15) MIROC-ESW-CHEM = (20) CESM1-BGC = (26) NorESM1-M
(10) IPSL-CM5A-MR = (16) MIROC-ESM

= {5)HadGEM2-CC

(21)IPSL-CMSALR © (27)CMCC-CMS  © (8) FGOALS-g2
© (11 CCsMs 5 (17)MRKCGCN3 © (22)GFDL-ESM2G © (28)IPSL-CMSBLR © (7)bec-csmi-1
Geu (12)CNRM-CME  © (18) GFDL-CM3 (23) inmemd (20} CanESM2 © () CSIRO-MK3-5-0
° (13) CMCC-CM ° (18) HadGEM2-A0 © (24) GFDL-ESM2M {3) MIROCS " (9) HadGEM2-ES

(14) MPI-ESM-MR

(2) CESM1-CAMS

(25) MPHESM-LR

(4) FGOALS-s2
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Phase 1

» Complete Phase 1 following the order of Phase 1

Data Down-
Sources

Uploading Evaluate Scalin Raw
local data OBS caling GCM

e.g. SQM or .
CI(VII|g>5) (OBS) uploaded éD%DM) analysis

EEEEEEEEEEEEEE




Discussion with the results of
the raw GCM analysis

Please upload your results on




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




Phase 2

. Extreme . Miscellane
Selection Variogram

Climate .
of GCMs Indices Analysis

ous
Analysis

APEC CLIMATE CENT




Selection of GCMs

» Check ranking of GCMs

> (Optional) Remove GCMs that have a poor skill
in reproducing climate characteristics

» (Optional) Or select best top GCMs

! B | undarstand tha risk, and | do not want the process stop hare.

i The workflow will not stop.

i
APEC CLIMATE CENTER §&
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If you select GCMs...

» Return to Downscale Section again

» Choose GCMs, Emission scenario, Variables, and
m IISDQDMH
" Try one or two Top ranking GCMs

> Be patient...
= Takes several hours...

s
APEC CLIMATE CENTER 3@
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Climate Change Index Calculation (1)

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

» http://etccdi.pacificclimate.org/

CDD Consecutive dry days, PRCP < 1mm Day

Consecutive wet days, PRCP > 1mm Day

PRCPTOT Annual total PRCP in wet days (daily PRCP > 1mm) mm

Rx1lday Max 1-day precipitation mm

Rx5day Max 5-day precipitation mm

PRCP

RO5pTOT Annual total PRCP when daily PRCP > 95 percentile mm

R99pTOT Annual total PRCP when daily PRCP > 99 percentile mm

m Simple daily intensity index mm/day

m Annual count of days when PRCP> nnmm Day are centen B
: E:



http://etccdi.pacificclimate.org/

Climate Change Index Calculation (2)

> ETCCDI related to TMAX and TMIN

Summer day, TMAX > 25°C Day

Ice days, TMAX < 0°C Day
X, Min TMAX oC
X TMAX Max TMAX oC
- Cool days, TMAX < 10t percentile %
_ Warm days, TMAX > 90th percentile Day
m Warm spell duration, TMAX > 90t percentile Day
_ Frost days TMIN < 0°C Day
Tropical nights, TMIN > 20°C Day
TN, Min TMIN °oC
TN, TMIN Max TMIN “ic
_ Cool nights, TMIN < 10t percentile %
_ Warm nights, TMIN > 90th percentile %
_ Cold spell duration, TMIN < 10t percentile Day

Diurnal temperature range °oC

TMAX & TMIN

Growing season length Day




Climate Change Index Calculation (3)

> Calculate climate indices

GCM names

» Look up the indices at

= S(project)/Climatelndex/Raw
* OBS, SDQDM, SDM

» Box-plot for each indices
= S(project)/Climatelndex/Historical
= S(project)/Climatelndex/Future




Box-plot for climate indices (Historical)

Boxplot of preptot Boxplot of txx
0OBS Downscaling 0BS Downscaling
27449667 -
40.26667 -
H
2439.9667 - .
39.26667
L]
2134.9667 - . 38.26667 1 py
-
.
37.26667 . ] )

1829.9667 Method Method
E Ed oss S 36266674 ES oBs
(1] @

g Efsoaom 8 ES sbaom
J sam sQm
1524.9667 * 2526667 4 B
34.26667 4
1219.9667
33.26667
914.9667 -
32.26667
609.9667 - 31.26667
oés S(IIM SDéDM OéS SC'IM SDdDM
Downscaling Method Downscaling Method

&
i
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° ° [
Box-p ot for climate iIndices (Future
Future scenario of prcptot Future scenario of txx
S1_20s $2_508 S3_80s S1 208 52 508 53 808
400~ . . .
. | I |
0.0
200~ I ‘
I
8 057 3
0 [ ] [ . ] S 2 5
— I#I : | : . .
. 1.0-
-200- .
- '1.5'
0 t + 1 .
| | ) |
T L 1
I 1 A
T
L I
-200- 0 '
g 3
& & )
L] i o
-
-400-
- I
-
= s s s = = : . : ! . .
g [=] (=} [=] [} [=] = = = = = =
w g w g 2] g =] [=] [e] o [e] [=]
w w w @ 8 @ g K 8
w w w
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Do you want to do more analysis with raw data
of climate indices?

» Open EXCEL spread sheet...

> Go to the folder that has results
= S(project)/Climatelndex/Raw

EEEEEEEEEEEEEE

TER fesecaiy

LEXTRNS
Ye0se0s




Spatial Reproducibility

» Variogram curve

= Variance of difference
corresponding to dist:

2v(2,5) =B [(

> $(project)/SpatialRepr
= Data
" graph




Variogram curves

Evaluation: Spatial Reproducibility

You do not have to do anything here.

Variogram prcp Variogram tmax
400 -
20~
300~
15-
DownscalingName DownscalingName
E —— 0BS E —— OBS
£ 200- £
© —— SDQDM o —— SDQDM
0] Qo
— saM 10- — SQM
100-
5 -
0- 0-
150 2[3[) ZSID S(I)(] Sé(l 150 2(I)0 25;[) StI][] 35ID

Distance Distance




WeightFactorUncertainty

Indices

[sroptot | odd | owe | et | optat | ety | ey | oct | oeerm |l emm | 20w |
[ ] e eox | ex10p J 6005 | weci 1 o] ton Jarc | 109 J 005 f osa | o oo

Downscale method

SDQDM (Spatial Disaggregation-Quantile Delta Mapping)

> S(prOJect)/WelghtFactorUncerta|nty

» Choose any indices you consider to calculate

distance
= E.g. Prcp

* Mean
e CV

e Total amount
* rx5day

Downscaling

SQM
sQM
SQM
sQM
SQM
SQM
SaMm
SQM

GCM
CESM1-BGC
CanESM2
bcc-csm1-1
CCsM4
CMCC-CM
CMCC-CMS
CESM1-CAMS5

Distance
0.621734495
0.670270629

0.77085513
0.777531392
0.822422074
0.935410841
0.976363318

bcc-csml1-1-m 1.168653798

Weight
0.206093759
0.177326805
0.134069266
0.131776783
0.117783716
0.091047908

0.08357028
0.058331483

Rank
1

2
3
4
5
6
7

8
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Overall

Percentage of ETCCDI indices mean

Percentage of ETCCDI indices mean

40 60 80 100

20

40 60 80 100

20

rcp45 S1_20s

w2 s s om g

.

.

.
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»

.

.

»

.

.
T | T T T T
3 4 5 6 7 8
Number of GCMs

rcp85 S1_20s

D —] & * & & 8 & & 8 &40 8 Lasw

Number of GCMs

Percentage of ETCCDI indices mean
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.
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Number of GCMs

Rank

0O N o U b~ W N

GCM
CESM1-BGC
CanESM2
bcc-csm1-1
CCsm4
CMCC-CM
CMCC-CMS
CESM1-CAM5

bcc-csm1-1-m
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Prcptot

rcp45 S3_80s

rcp45 S2_50s

rcp45 S81_20s

GCM
CESM1-BGC
CanESM?2

Rank
1
2

-t
I
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Ueaw sa21pul |20L3 jo 8beadiad
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T
1

Number of GCMs Number of GCMs

Number of GCMs

CCSM4
CMCC-CM
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rcp85 81_20s
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rcp45 $1_20s rcp45 S2_50s rcp45 S3_80s
g 2 —En_'ﬂ_'T‘_oK_-‘u g e g M Rank GCM
B8 - 8 . 8 .
g g |2 : 1 CESM1-BGC
S |- 8 . 3 .
o MN=1 o + [&] 4
O o | m . & . 2 CanESM2
B T e ‘G . k-] L]
81 - % . % - _ _
g _ | 3 - g - 3 bcc-csmi1-1
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Discussion with the results of
Phase 2

Please upload your results on
public folder




Discussion

» Critical point 1: GCM screening...

= Raw GCM Analysis

= Which measures should be considered?
» Critical point 2: Downscaling methods

= Many methods with their own strengths

= Select the most suitable methods to your aims
» Critical point 3: Representative GCMs

= Which indices are most critical to your aims?

= Select representative GCMs to capture future climate
variability for next stages

e e.g. agricultural and hydrologic projections
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You are now a Professional on downscaling
climate change scenarios

Congratulations !!
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