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Module 4:

Creating a regional climate model ensemble using GIS and
extreme events indices
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= Module 1:

= Module 2:

= Module 3:

v'Module 4:

= Module 5:

= Module 6:

RICCAR regional climate modelling and
hydrological modelling datasets: An introduction

Viewing NetCDF regional climate modeling
datasets in GIS

Extracting tabular data from NetCDF climate files
for use in other models and applications

Creating a regional climate model ensemble using
GIS and extreme events indices

Accessing global and regional climate datasets and
platforms

RICCAR integrated vulnerability assessment
methodology
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= Benefits of ensemble analysis
= How to create a regional climate model (RCM) ensemble in GIS

= RICCAR extreme events indices and applications
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Driving CMIP5 GCMs used for RICCAR

GCM Resolution
(lon x lat)

Model Name Modelling Centre Country

Européen de Recherche et Formation

CNRM-CM5  Avancée en Calcul Scientifique France 1.41° x 1.40°
(CERFACS)

i EC-EARTH consortium published at Irish  Netherlands o .
EGEARTH Centre for High-End Computing / Ireland Lol 11
GFDL-ESM2M NOAA Geophysical Fluid Dynamics USA 2. 50°x2.02°

Laboratory
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Driving GCMs to RCM (RICCAR)

RICCAR
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CNRM-CM5
Rossby Centre
EC-EARTH - Downscaling regional atmospheric
model 4 - SMHI
(RCA4)
GFDL-ESM2M
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RCA4 (CNRM-CM5

Differences in modelling outputs

RCA4 (EC-EARTH)

Mean seasonal temperature
(June, July, August)
1980-2004

22 July 2020
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Differences in modelling outputs

RCA4 (EC-EARTH)
TR

Mean seasonal temperature
(December, January, February)
1980-2004
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Differences in modelling outputs

RCA4 (CNRM-CM5)
M NN

mm/day

Mean seasonal precipitation
(June, July, August)
1980-2004
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Differences in modelling outputs

RCA4 (CNRM-CMS) RCA4 (EC-EARTH)

RCA4 (GFDL-ESM2M)

mm/day

Mean seasonal precipitation
(December, January, February)
1980-2004

lalll il A B cUEAY

353l (DIF) _nlosdfllad s nl/ G ¢ S5 et/ sY) ¢ sl Apans pal) cildadlocil) Jass gia il AN gl o
1980-2004

Aalide S jae dgalle Aalie 3l 3 ) Toliind Aadaill il e b clddlia) Jail Al ks o
(RCA4) (caliY) AL 73 saill (i aladiuly leallds &5 ( GFDL-ESM2M 5 EC-EARTH 5 -CNRM-CM5)

SR A s g Y o CEDRY) .

ikt Jon L slgpuell s Asal) dba ;3 (g guall dgaall (o 4Bl IS5 5 S2e A Adlia) Cilaslas aasiy o
Al dalaiall (8 4alBY) s ol 5 hagdl Andaill  daliY) Aaliall Al

www.riccar.org
Www.unescwa.org 9



RICCAR Webinar Series — Module 4

Why present results as an ensemble?

Beginning in 1990s,
differences in RCM outputs
became apparent

Difficult to assess systematic
model behaviours and
interpret results

Call for inter comparison
projects across models using
same simulation protocol

Properly characterise climate
change and minimize
uncertainties

e ganaS guiliil) asadi |3l

daal 5 ApaBY) Apaliall dadaill Cila jde 8 DAY Cinpal (i) (e glail o
) e 5z Saill Apmgiall LS sld) s Camiall (ya @

BSLaall 58 55y (pul aladiioly g 3laill G A5 a)) o JLiial 520

) aoe Qi g a0 AL i caiay e

A0 Flall LS ¢ (RCPS) 5ol 3 ol o Andaill s 3a 3 Gl pe 4n gl Jai of ey o

www.riccar.org
Www.unescwa.org

22 July 2020

10



RICCAR Webinar Series — Module 4

%
RICCAR

Gl g s s

UW JU L} J |J ) L)

» Recommended to use the largest possible model ensemble for evaluation and
application of climate modelling outputs

»  Minimum 3 model members but only 1 RCP scenario (multi-model ensemble)

Driving GCM: CNRM-CM5 Driving GCM: EC-EARTH Driving GCM: GFDL-ESM2M
RCM: RCA4 RCM: RCA4 RCM: RCA4

» Assess mean of all ensemble members over an extended period (i.e. 20 or 30 years)

22 July 2020
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How should ensemble be used?

RICCAR Mashreq Domain | 10km | MSH-10
HCLIM-ALADIN (SMHI)
=== Active Domain === Full Domain

Upcoming Mashreq
Domain will have six
ensemble members

0 50 100 200 500 750 1000 1500 2000 2500 3000 4000 5000 6000
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Multi-model ensembles can have multiple GCMs and RCMs

Should be the same:

Scenario/RCP

Spatial and temporal resolution
Modelling domain
Bias-corrected or raw RCM outputs
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CNRM-CM5
EC-EARTH
GFDL-ESM2M

RICCAR Ensemble Outputs

I RCP4.5

Reference period
(1986-2005)

Mid-century
(2046-2065)

Near-century
(2016-2035)

End-century
(2081-2100

Reference period
(1986-2005)

Mid-century
(2046-2065)

Near-century
(2016-2035)

End-century
(2081-2100
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www.riccar.org
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» Ensembles not available on
the RICCAR Regional
Knowledge Hub must be
created manually

» Based on annual or
seasonal data

* Minimum 3 model outputs,
20-year period (i.e. “2030",
based on 2021-2040)

GFDL ESMZM

MIROC
HadGEM

CNMMS
RegCM ECRARTH ALADIN
CCLM
WRFR Ncreﬁa Maﬁ"éﬁﬁ

(o]
HIRHAM
CSIRO-MK
CORDE XEM

R Ac M 0 L-CMSA

beaufort daysl ndICES

JAprecipitation

dearee daysTirost days t var:ables

tempera

wet days seasons requons

relative humldlty
DJF W||’R’1C|Ah§peedhealdays
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1. Extract each
raster time slice

a. Make NetCDF
Raster Layer

reating an ensemapie In

“#, Make NetCDF Raster Layer

[
'rm ‘
.rxm ‘
.rm ‘
® Layer
[ |
Band Dimension (optonal)
[ J
imuumvab:s(wﬂmd) |
Dimension Value (=]
B
1
4
{3
Method (optional)
BY_VALLE v
[Cox ]| concel || Show Help >> |

22 July 2020
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reating an ensemapie In

RICCAR
Layer Properties
1. Extracteach e T W
raster time slice
Variable: pr vl
X Dimension: ﬁ‘

b. Open Layer Y Dmensin T
Properties and Band Dimersin: %
select time for — st
the Band .
DImenSIOI’] imk/ 01/01/2046

Dimension Values: >
[ Dmension | vawe |0

o] [ cmeel |

Aoply
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Extract each

raster time slice

a.

b.

Make NetCDF
Raster Layer
Open Layer
Properties and
select time for
the Band
Dimension

Save as Layer
File

reating an ensemapie In

908
£l = layers
=M
E Copy
™ H X Remove
' == e
B Ope bute Table
Joins and Relates
¢ ZoomToLayer
% Zoom To Make Visible
#f  Zoom To Raster Resolution
Visible Scale Range
Data
Edit Features
[ Save As LayerFile...
@’ Create Layer Package, Save As Layer File
[ Properties... Save this layer as a file (saves the
layer definition not the data)

www.riccar.org
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B Ouvrir la table attributai
Jointures et relations »
@ Zoomsur la couche
% Zoom pour rendre visible
@ Zoom alz résolution du raster
Plage d'échelle visible »
Données »
Modifier les entités »
3 Crderun de couche...
& Propriétés.. :x:;g:urtomme fichier de

Enregistre cette couche comme
fichier (enregistre la définiticn de
la couche et non les données)
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Extract each raster time slice

d. Download and use NetCDF Time Slice to Raster tool available from
https://support.esri.com/en/technical-article/000011318

the Esri Support App!

Support App available now

e How To: Export each time slice from a NetCDF layer as a single
raster (*.tif)

Sul

481 gal) cilaglaall alaS 3 4o gana L)

ks Ayde IS die 1) dag ) ) ya00 1
Lewlasinl s NetCDF Time Slice to Raster 33 i i .d
https://support.esri.com/en/technical-article/000011318 e Ll 35 (Sa

dada Cala (pe D A3ia ) Ay JS sl I NetCDF_time_slice_to_Raster aladiul (gasw o

www.riccar.org
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reating an ensemapie In

RICCAR
Catalog Tree ax
. . Folder Connections A
1. Extract each raster time slice = 5 e
= ArcGIS
® Addins

= [ NetCDF to Raster
= ¥ NetCDF_time_slice_export.gdb
= @ NetCDF_Time_Slice_Export
57 NetCDF_time slice_export

B

e. Open tool from user-defined location in
ArcCatalog

FEEREEEE®

EWWWHWWHHHD}@HD}DWHD}U}E

FEEEEEEEER®C

21
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reating an ensemapie In

RICCAR
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1. Extract each raster time slice

f.  Enter the NetCDF layer and user-defined Output Folder

5 NetCDF_time._slice_export - [} X
@ Input_NetCDF_layer A
> | | =)
® Cutput_Folder
[ N=

have a unique name for each

User-defined Output Folder should
NetCDF file

22
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1. Extract each raster time slice

NetCDF_time_slice_export n
Executing NetCDF _time_slice_export. .. ‘ c
( ) [ <<Detais |
[ Close this dialog when completed successfully

Band_34.tif exported successfully ~

Band_35.tif exported successfully
Band 36.tif exported successfully
Band 37.tif exported successfully
Band 38.tif exported successfull
g‘ EXECUte tOOI Eand::’-s.\:if exin::ed su:cessfull:
Band_40.tif exported successfully
Band 41.tif exported successfully
Band 42.tif exported successfully
Band 43.tif exported successfully

23
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2. Calculate annual (or
seasonal) projections

a. 1 NetCDF file (one model,
one RCP scenario)

reating an ensemapie In

Analyst Tools
alysis Tools
@ Cartography Tools
[ool:

s
rability Tools
Tools

@ Geostatistical Analyst Tools
@ Linear Referencing Tools
@ Multidimension Tools
letwork Analyst Tools
Parcel Fabric Tools
@ Schematics Tools
@ Server Tools

) Space Time Pattern Mining Tool
atial Analyst Tools
& & Distan:
2

ater
@ & Hydrology
@ & Interpolation

= & Local
#, Cell Statistics
-~ Combine

., Equal To Frequency
., Greater Than Frequency
#, Highest Position
#, Less Than Frequency
“ Lowest Position
“, Popularity
“, Rank
@ & Map Algebra
@ & Math
@ & Multivariate
& Neighborhood
@ & Overlay
&) & Raster Creation
& & Reclass
@ & Segmentation and Classification
& & Solar Radiation
& & Surface
& Zonal 24
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Customize > Extensions
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ArcToolbox
Data Interoperability Tools &
Geostatistical Analyst Tools @ @
Schematics Tools @
Tracking Analyst Tools @ @
3D Analyst oilss] @

AKGIS Network Analyst &lssi @ @

Spatial Analyst ilssi @ @
cuiaibsle] @ @
b Oy cli] § @
ehaiul § @

liiul § @

sl glai)l § ®

wariaills susill § @

o2l & @

bl § @

aluall § @

@52l olall B @

S & @

prasi § @

il punlas dby > @ @

ool § @

thw § @

wbi § @

HE§ @

bl § @

Al 7,
willlzagl 4
N
PR
S sl
Gl § @
il & w
il 5,05] olgsl @
s sliu] Slgsl @
wilall ooyl ol @
il olgsi @
Juball olss] @ @
sl sl @ @
whsall ueill ool @ @
s ol @
aobuall By bai ge il olgl B @

@ ArcToolbox
@ Data Interoperability Tools
@ @ Geostatistical Analyst Tools
@ Outils 30 Analyst
@ @ Outils d'analyse
@ @ Outils d'atelier parcellaire
1 @ Outils de cartographie
7 @ Outils de conversion
@ Outils de géocodage
@ Outils de gestion des données
@ Outils de mise a jour
& Outils de référencement linéaire
@ Outils de serveur
Outils de statistiques spatiales
E} Outils d'exploration des modeles spatio-temporels
& Outils multidimensionnels
@ Outils Network Analyst

1 @ Outils schématiques
= @ Outills Spatial Analyst
5 & Algebre spatial

& & Conditions
) & Création de rasters
@ & Densité
@ & Distance
@ & Extraction
& & Généralisation
@ & Hydrologie
& & Interpolation
o SEER

#, Classement

4, Classement du maximum
., Classement du minimum
#, Combinaison

#, Fréquence de supériorité
#, Fréquence d'infériorité

# Fréquence d'égalité

#, Popularité
@ & Mathématiques
@ & Multivariés
& & Nappes phréatiques
= & Rayonnement solaire
@ & Reclassement
@ & Segmentation et classification
[ & Superposition
@ & Surface
@ & Voisinage

@ & Zonaux
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14

2. Calculate annual (or
seasonal) projections
a. 1 NetCDF file (one model,

reating an ensemapie In

® Input rasters or constant values

« 5 x [+ m

§ Band_114.tif

#Band_1211if
f#Band_122.4if

. Output raster
one RCP scenario) [
[vean
o
Input rasters or constant values X
Lookin: |3 2046 VeBRalE-alauce
@Band 1074 {Band 1154 @Band 123t MB:
@Band_108tift  @#Band 116t EfiBand_124tf  He:
HHeand 1004 FEBBand_1174F  EBBand12sef  FEB:
8 Band_11.4if B Band_118.1if B Band_126.4if s
@Band_1104f  @@Band 1194 @Band1274f B
#HBand_111.4if ##Band_124if @BBand_ 1206  HHB:
i Band_112.4if @ Band_120.4f [ Band_120.4if e
EBand_1134if EBand_13.4 .

@@#Band 1306  fiB:

26
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gt
RICCAR

Gl g s s

“ Output Raster (.tif)

1Jan - 31 Jan
1 Feb - 28 Feb
1 Mar - 31 Mar
1 Apr - 30 Apr
1 May - 31 May
1 Jun - 30 Jun
1 Jul = 31 Jul
1 Aug - 31 Aug
1 Sep - 30 Sep
1 Oct - 31 Oct
1 Nov - 30 Nov
1 Dec - 31 Dec

Band_1 to Band_31
Band_32 to Band_59
Band_60 to Band_90
Band_91 to Band_120

Band_121 to Band_151
Band_152 to Band_181
Band_182 to Band_212
Band_213 to Band_243
Band_244 to Band_273
Band_274 to Band_304
Band_305 to Band_334
Band_335 to Band_365

“ Output Raster (.tif)

1Jan - 31 Jan
1 Feb - 29 Feb
1 Mar - 31 Mar
1 Apr - 30 Apr
1 May - 31 May
1 Jun - 30 Jun
1 Jul =31 Jul
1 Aug - 31 Aug
1 Sep - 30 Sep
1 Oct - 31 Oct
1 Nov - 30 Nov
1 Dec - 31 Dec

Band_1 to Band_31
Band_32 to Band_60
Band_61 to Band_91
Band_92 to Band_121

Band_122 to Band_152
Band_153 to Band_182
Band_183 to Band_213
Band_214 to Band_244
Band_245 to Band_274
Band_275 to Band_305
Band_306 to Band_335
Band_336 to Band_366

27
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Adail) i) (g il A (e Wiy La g dpay o5 ol

LY = Days
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14

reating an ensemapie In

A cell - o /-
® Input rasters or constant values A
= e
+
2. Calculate annual (or x
. . 6
seasonal) projections /\ -
a. 1 NetCDF file (one model,
. Outputraster
one RCP scenario) [ &
[rean v|
[ ignore NoData in calculations (optional)
Input rasters or constant values X
Lookin: |5 2046 VeRA E- s ade
#eand_ 1974t EHBand 204t HBand 2126  HBand 2204 EHe:
iiBand 1984 EBand 2054  {iBand 213t EiBand 2214 fE:
and_190.tf  @BBand 206t  @@EBand 214  @Band 222t B
|_2.Aif #Band2074if  EHEBand 2154t EHBand 223nf  Hlle:
and_20.tif #8Band 2000t [8Band 2164t E¥Band 2244t e
and_ 200.tif  @Band 209t  EBand 2174  @HBand 2254  HB:
and_201.t6f [ Band_21.4if @#Band_2184if  EBand 226t  EEB:
and 202t @ Band 2104f  EBand 2194  EBand 2274 B o Cancel | |Environments... || Show e >>
Band 203t  {#§Band 2114f  §Band_22.6f @Band 2200t e
>
Name: |Band_1.4f; Band_2.6f | [asd ]
Show of type: | Rasters o] [ cana |
- 28
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(Aams sall 5f) Ay sindl cilbliny) Gl 2

(35 RCP s2lims ¢ 2l g 73 5a3) aal s NetCDF <2l .3

1) Aanalia Akt clilai 30a3 Slas 5 of Ky elld a5 e 30 o) 8 Akl clalall 2 s ol Y

www.riccar.org
Www.unescwa.org

(A el

28



RICCAR Webinar Series — Module 4 22 July 2020

Creating an ensemble in GIS

7
RICCAR

St e o st
Gl g s s
o ety e s e

4\ Cell Statistics ] X
@ Inputrasters or constant values P
[ = 8
+
x
| PSR E T
h o *
» % I:I %cm % x EE T New tem @ open~ @Se\enil\ 3
omaits oo e R | i ) | et T g B[S
[ paeshorca | MO%e CoPY Dok ol S biston £ et secion
Clpbosrd Organise New open Select
e v r o R ” =l
A Name Date Tipe Sae Tags <
ke [] Band 281w 06/05/2016 101 2M TEW File 168
L [ Band 281 06/05/2016 1:01 PM I File K8
B [7] Band 28tifawcxml  06/05/2016 101 PM XML Document 28
L] Band_28.tifovr 06/05/2016 101 PM OVRFile 3K8
2 2 ] Band_28tifxmi 06/05/2016 1:01 PM XML Document. 56KB
= ] Band_201tw 06/05/2016 1:01 PM TEW File K8
(2] Band 29.i 06/05/2016 1:01 PM TIF File K8
L] Band_29.tifauxxml  06/05/2016 1:01 PM. XML Document 2KB
1] Band_29.ifour 06/05/2016 1:01 PM OVRFile 4K8
L] Band_29.ttxml 06/05/2016 1:01 PM XML Document 568
1] Band 3016w 06/05/2016 1:01 PM TEW File 1K8
I Band 3011t 06/05/2016 1:01 PM TiEFile 11k8
[] Band 30ifawxxml  06/05/2016 101 PM XML Document 2x8
- [ sand30tton 06/05/2016 101 P ovRFie I
& g Band_30.ifxml 06/05/2016 1:01 PM XML Document S6KB ] [T s [mwess
Bang 31.tw 06/05/2016 1:01 PM TR File 158
> &) Band_314if 06/05/2016 101 PM TIF File 10K8
L} L] Band_31.tifauxxml  06/05/2016 1:01 PM. XML Document 2K8
B L1 Band 31.ifowr 06/05/2016 1:01 PM OVRFile 3K8
" [ Band 31sifaml  06/05/2016 101 PM XML Document s6K8 A |te M at |V e I
= 12 Bang 321 06/05/2016 101 PM I File oks
[ Bana 32ausxmt 06/05/2016 101 P XL Document ™ d / d ro
. Bl Wpnane rag/drop
% 1 Band 32.tifmi 06/05/2016 101 oM XML Document S6KB .
~ 7 sand 33w oo IONM TRWFle 1 ra StEI' f i Ie S
- v Bana 33t 06/05/2016 101 PM T File K8
1826 tems 155 tems selected _ State: 3R Shared 29

4 pad) cila gleall alii 8 Ao gaza sLL)

stif.ovr. s tif.aux.xml. s tif.) 4t Clily IS clile 5 @l ¢ Ko JalS i Cale apaa (e 2SE o
(tfw. s tif.xml.

Al il clibe Jalia) s alasiod Load (Sa 3 e Yo o

ae il Aatial) pealiall e ST g aal " ) peds et Al e Jant a8 ¢ @lld e oLVl any o
by JS Aad) il aas apaa 23 45Y 138 Allu )l o3 Jalad " palic ) il oy o) 5 dasia
RV VR PRTON PEIVENTCHWA BN PR W A+

-
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RICCAR

Gl g s s

#, Cell Statistics - o X

Input rasters or constant vaiues

[ =l &)
e S Eiermone e 2
2. Calculate annual (or = e :
seasonal) projections e Tt S .

a.  1NetCDF file (one model, | core
one RCP scenario) = — -

30

* OQutput raster file name is user-defined
) _aal) Clagleall alii b de gara sLEI)

(s sl ) i) LLELY) a2
(35 RCP salims ¢ 2l g 73 5a3) aal s NetCDF <ale .3

SI_ll 4ibas) =Qverlay statistic

aasiaall 08 (e o yae plail] ULl Cila audd o

www.riccar.org
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g
RICCAR

Gl g s s

For temperature data, the units
of measurement do not include
time (°C)

For precipitation, -
time is considered THIEEY

31

22 July 2020

SI ) dgilaa) AR cilibaa)

o) Y1 ) 1 lan) Jiay Jaus gial
(:Q‘,:\.Aaa‘)d) u.A‘)S\ u.u\:\ﬂ\ Q\LJMY ¢ EJ\JJ\ ZAJJQDI:\.\]M\J
(st o) o3l iy el Y el

@A;JEJ\J;J\hJJhJLuMQjBJ\)Q\hJJJ\ﬂ\@Lm}S MEAN.L\MJM\ .Aa.la:\ggdj:\u
Baasal) Adadsl) culibull

Cale (1Y) pse / alally Ul Jans sie At aliind ¢ clladloll (KI5l 4iliaslS Jaus giall s 5 13)
(Aasy by A dgdadill ULl sNetCDF
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Gl g s s

For precipitation, more common to report
units in mm/month or mm/year

Qverlay stabstic (optional)

MEAN

MAJORITY
MAXIMUM
MEDIAN
MINIMUM
MINORITY
RANGE
STD

M

32
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RICCAR

e atistics: Overiay

atistic

#, Cell Statistics = O bd
Input rasters or constant values _
= |

J paN - EE‘
E:\RCM Climate Data Ensembles\Precpitation RCP8. 5 (2046-2065) \CNRM-CM5\20 _sum ~ +
E:\RCM Climate Data Ensembles\Precpitation RCP8. 5 (2046-2065)\CNRM-CM5\2046\aug_sum
E:\RCM Climate Data Ensembles\Precipitation RCPS. 5 (2046-2065) \CNRM-CM5\2056 \dec_sum x
E:'\RCM Climate Data Ensembles \Precipitation RCP8. 5 (2046-2065) \CNRM-CM =
E:\RCM Cimate Data Ensembles Predpitation RCPS, 5 (aoqe-zoss\uw«m:a T
E:\RCM Climate Data Ensembles\Precipitation RCP8. 5 (2046-2065)\CNRM-CM5\24)
E:\RCM Climate Data Ensembles\Precipitation RCP8. 5 (2046-2065)\CNRM-CM5 .8 *
E:\RCM Climate Data Ensembles\Precipitation RCP8. 5 (2046-2065) \CNRM-CM5\204Kmar_sum v

< >

Output raster

f E:\RCM Climate Data Ensembles\Predpitation RCP8.5 (2046-2065)\CNRM-CM5\204612046

Overlay statistic (opti
MEAN

[v] lgnore NoData in calculations {optional)

Calculate annual average monthly rainfall

33

SI ) dgilaa) AR cilibaa)

z\:i‘)g..ﬂ\ cldaslall Lﬁ_g.\.m“ Jadl Clua o

Lo gia 5 Alane ddai LS A pel) al) 20n ey sgnl) illalocll (o sall ) (5 sinad) Jonall e siell o

Sl dilasSMEAN

SUM g seaall aladinly ¢ ALl 5 ghadll 8 el JLas) a3 ¢dy ginad) ldadloall Jlea) e &30Y1 A 8 o
(366 i) 365 dudaiill il il aaea paaiy ¢ S) il AilaslS
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Exercise: Calculate seasonal

"_'F'S precipitation (October-March)

1. Data: EC-EARTH, RCP8.5, year 2030 (extracted dataset)
2. Extract NetCDF to raster using tool

3. Sum monthly precipitation

4.  Calculate mean monthly precipitation

I J —J

mo-10 = y B ., .
1 10.00000001 - 20 b
1 20.00000001 - 30
1 30.00000001 - 40
5 40.00000001 - 50
0 50.00000001 - 60
1 60/00000001 - 70

(el 130 g 581/ 94 (3 i) v gal) cillaluacl) obasen, 2y a3

(A _Aduall SUlll Ae gans) €2030 <RCP8.5 «EC-EARTH :<ulilall 1

NetCDF to raster 812¥ alasinly 4pladill il ) NetCDF gz a3ul.2

L..S‘)G-‘ﬂ\ Cldaslal) t_,,au3

L..g‘)@..ﬂ\ caldasiall .Lu.n_,in wlua 4

2030 - 315581 52030 ooy 451 e oy (i jlee 55T o LY e
(Aabia) 4ilal) dday ja 5 (o)) 1Y) Jalade Alial) olgiV) ie muase o LeS Aaiill o Sin o
Dedi e 119.72 N 0 e il 5l i o cony o

e JSI i) e

0- 8¢ 0-47.01 s ¢ 0-358.92: e ¢ 0-135.28 1 saisi ¢ 0-197.8 1nssl o
i/ ole 128.43 1 e ¢ 167.81

www.riccar.org
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2. Calculate annual (or seasonal) projections

b.

Repeat for remaining NetCDF files in ensemble (all models, one

RCP scenario)

CNRM-CM5 /

RCA4

GFDL-ESM2M /
RCA4

35

22 July 2020

) aal) clagleall alii b de gara sLEI)

(fsans sall ) i yindl Lliny) a2
(3>15RCP sl ¢ milaill paen) de ganall 3 LasalINetCDF il ) S b

de sane gl 0 ST O (Say e gandll (o BaY )\ 4 GCMs / RCM 8 daa g yrall z3laill o
(DY) st axe ) SVl pmaali s (RCP sl ¢ AilSal) 481 ¢ 3lail) o LGCM / RCM
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reating an ensemapie In

1. Extract each raster time slice

2. Calculate annual (or seasonal) projections
a. 1 NetCDF file (one model, one RCP scenario)

b.  Repeat for remaining NetCDF files in ensemble (all models, one
RCP scenario)

c. Calculate mean for all models in ensemble

O OC) () 00 o
® o O .. o () .' Q.
CNRM-CM5 / EC-EARTH / GFDL-ESM2M / o

RCA4 RCA4
RCP8.5 RCP8.5 ()

36
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(Frams sall 5f) 4 il CLlELY) (s 2
ic ganall ‘;jcﬁl.aﬂ\ &AJL..»_,SAS\ ol ¢
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Creating an ensemble in GIS

RICCAR

Gl g s s

X
;

o b O B ®

37

) aal) clagleall alii b de gara sLEI)

Aana el il & Jlia

w

Lo e B3 4 )lhe ¢ Ll a3 Gl Al b S e sanall ilalin) e g 3L &G Le | S

A oSl Al Gud Al an@ill 5y )85 8 (e 32330 ¢ 1986-2005 (A S (A deddiuall Apaa pall 3 yal) o
Fliall iy Agiaal) 4 5l

RCP8.5 « 21 JSal ¢ (puwsi )l il - lial) 5 sl Jsa aoall JISa) a0 (e dsale e sall JS3N - o
A gl L) Jama 3 i) o sie gl (53
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ArcToolbox

@ ArcToolbox

1 @ 30 Analyst Tools

1 @ Analysis Tools

1 & Cartography Tools

| Conversion Tools

H . Data Interoperability Tools

= @ Data Management Tools
&) Editing Tools

@ @ Geocoding Tools

(@ @ Geostatistical Analyst Tools

@ Linear Referencing Tools

@ Multidimension Tools

@ @ Network Analyst Tools

@ @ Parcel Fabric Tools

@ @ Schematics Tools

@ @ Server Tools

3. Compare to reference period E9spmnmpmmMi.,;njw

7
RICCAR

D —
Gl g s s
o ety e s e

= @ Spatial Analyst Tools
& Conditional
0 & Density
) & Distance
@ & Extraction
[ & Generalization
1 & Groundwater
@ & Hydrology
) & Interpolation
& & Local

] Map Algebra
#., Raster Calculator
& G

@ & Multivariate

# & Neighberhood

) & Overlay

& Raster Creation

1) e Reclass

1 & Segmentation and Classification

[ & Solar Radiation

@ & Surface

& & Zonal
@ @ Spatial Statistics Tools
@ @ Tracking Analyst Tools

481 gal) cilaglaall alaS 3 4o gana L)
A all 3yl 45 )ie 3

(yaa 33 g2 9all Raster Calculator dudadll cllul) dsuls padiul ¢ dama jall 5 yially Adadusal) ol 45 jlaa] o
sl aalia dhay A <Spatial Analyst < saf

Uaii 05 of esSpatial Analyst Sl Gald) of LY o
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> 7
RICCAR

o ety e s e

ArcToolbox i@

Data Interoperability Tools @
Geostatistical Analyst Tools @ @
Schermatics Tools @ @

Tracking Analyst Tools @ @

3D Analyst wlgo| @ @

®

ArcGIS Network Analyst ©lgol @
|:> Spatl Ansiyst il @
i ole] § @

ahas olily eliv] & @

il § @

bl § @

puaill el § @

isiailly anaill § @

e &

chull § @

dsluall & @

Qbsall olall § @

S &

Sl 5] wlel @ @

b sliw] Slgsi @

sl clasyl Slgol @ @
ol olgsl @

Jubsdll Slgol @ @

gl Slgol @ @

woleall u <l Slgol @ @

ol lgol @

Gluall G5 baai e cudill Slssl B
il 2li] ale Slgol @

bl 831310 Slgal @ @
L]

zhill zuui Olgal

B E®

23]

(Bl ArcToolbox

& Data Interoperability Tools

@ @ Geostatistical Analyst Tools

& Outils 30 Analyst

@ Outils d'analyse

& Outils d'atelier parcellaire

@ @ Outils de cartographie

@ Outils de conversion

= @ Outils de géocodage

@ @ Outils de gestion des données
@ Outils de mise a jour

@ @ Outils de référencement linéaire

& @ Outils de serveur

. Outils de statistiques spatiales

B ®

(]

des modéles sp.
@ @ Outils multidimensionnels

&) @ Outils Network Analyst

& Outils schématiques

[ & Conditions
) & Création de rasters
[ & Densité
) & Distance
& & Extraction
& Généralisation
) & Hydrologie
5 &y Interpolation
[ &y Locale
@ & Mathématiques
o & Multivariés
) & Nappes phréatiques
& Rayonnement solaire
) & Reclassement
= & Segmentation et classification
5 & Superposition
@ & Surface
@ & Voisinage
) & Zonaux
@ @ Tracking Analyst Tools

|

39
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sreating an ensempie in ¢

RICCAR

o o g .
i T
#, Raster Calculator i m| X
Map Algebra expression
Layers and variables Conditional — A
< preciitation 2030 (2021-2040) RCPS.5 [
Oprc::mﬁ:rcfumwiodma.s ‘L,ﬂ‘,i ‘L‘fﬂ‘i L‘ P:
‘4 sHs = >H>- I‘SE‘“‘"
— — | Math
EEIE CIEEE) o
CE] R . v
[ “Precipitation 2030 (2021-2040) RCP8. 5" - Precpitation reference period RCPS.5" }
Output raster
| E:RCM Cimate Data ion RCP. 5 (2036-2045) \change ] @
3. Compareto
reference
period
oK | Cancel | |Environments... | Show Help >>
40

) aal) clagleall alii b de gara sLEI)
A all 3yl 45 )ie 3

LeS) il bl Asls 8 Leaha3iY ArcMap g s pie ) dslaiill il cilile ddlia) oy il Laay o

Dl Cliad Al Aadl) o Gma sl 5 jidl) dad 5kl o

Jagass o 3ae Lsall al Y1 2 & 5 (e Yy potinsal) J (e b33m0 Al il jie yd iy amsy @
LeS) alall ansd & CiaY) aae (e aay L We ArcMap of s Akl bl Caldd L) J saa 1)
(JEal) & "change” & coase 9o
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RICCAR

(((((( et

FDO Frost days WSDI Warm spell duration indicator

| Su25 Summer days | CSDI Cold spell duration indicator
DO Ice days DTR Diurnal temperature range

| TR20 Tropical nights | RX1day Max 1-day precipitation amount
GSL Growing season length Rx5day Max 5-day precipitation amount
TXx Max Tmax SDll Simple daily intensity index
TNX Max Tmin R10 Number of heavy precipitation days
TXn Min Tmax R20 Number of very heavy precipitation days
TNn Min Tmin Rnn Number of days about nn mm
TN10p  Cool nights CDD Consecutive dry days
TX10p  Cool days CWD Consecutive wet days

TN9Op  Warm nights R95p Very wet days

R99 Ext | td
TX90p  Warm days P Xiemely wet cays

PRCPTOT  Annual total wet-day precipitation

41

4 i) Aalial) Al ghall & s

sl ;50 pallal) dalaiall Aa il o) i) 48 )8 Ll s | y5e 27 (e Al (pa La JR0 o3 Gl e Al oy H\Sy ) Cadd o
| el dhidly afald uilia) Cuat) cp e Al )3 s ETCCDI 43 e s Fliall a5 ol Asinall 450l
Aaa led 58 AU AL (5 sl 02 lS Slal 3 jlall Ay jall Aakaiall 8551 all Cila 3 3 g Cand Dyl S
& Ome 5d Lo Gy CDD ilial) <l yidl a8Y) J skl 5 SUAD a5 da 52 40 e dae sl (5 guaail) 3 ) jal
L dsaal)

OUl Caling 3 5 sall aud o 3aYSU40. 5SU35 () Ala¥l ¢ HSy 515 haall dapaall ol pisall pladind o5 o

Baal 5 adali a8 sal (txt. ) At I Judlull Clils e 5l CDO plaaiuls NetCDF <ilile (o <l gl Giloa (Kay @
RClimDex (http://etccdi.pacificclimate.org/software.shtml) alasiub
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ikl Clas g 5 g las

Al 4 gie da )3 0> (easdl) (S2Y) 2all) TN Ladie s sl 22211 | FDO
Al 4 5 A 40 25 (o sl (Y] 2all) TX 2ie 5 sind) 221 [ SU25
Al 45 A 50 0> ((esdl) (oaBY) 2al) TX ie (5 siudl 2211 | DO
Al Lseda 020 < (esd) V) 2all) TN i (5 sill 221l | TR20
oL & 595230 G sle 1 e Jedll 3 Sl Caal 3 jiewn 31 ) pl 1) s siadl 202l | GSL
<Aaa sy da o Jan sie e JAY) e ol 6 52a) Y1 alaie¥) G (siad) 3 S Caas
e ol 6 (e (sl 3 S ol (B i 1) salse 1 am IV Bl Aygedn 0 5
L5 da )3 5> (e m Bl A0 augia
Lsheda 2 80ls 28Y) el (g eaill 3,1 sl | TXX
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Why are extreme climate indices important?
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Why are extreme climate indices important?
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Use of extreme climate indices can
help with mitigation, adaptation,
risk reduction, and policy planning
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