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= Module 1:

= Module 2:

= Module 3:

v'Module 4:

= Module 5:

= Module 6:

vepinar series

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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RICCAR
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Model Name

CNRM-CM5

EC-EARTH

GFDL-ESM2M

Driving CMIP5 GCMs used for RICCAR

GCM Resolution
(lon x lat)

Modelling Centre Country

Européen de Recherche et Formation

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

EC-EARTH consortium published at Irish ~ Netherlands 113°x1.13°
Centre for High-End Computing / Ireland ’ ’
NOAA Geophysical Fluid Dynamics USA 2. 50°x2.02°

Laboratory

www.riccar.org
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Driving GCMs to RCM (RICCAR)

CNRM-CM5

EC-EARTH

GFDL-ESM2M

Downscaling >

Rossby Centre
regional atmospheric
model 4 - SMHI
(RCA4)

www.riccar.org
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Differences in modelling outputs

RCA4 (CNRM-CM5 RCA4 (EC-EARTH)

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

* Maps show differences in modelling outputs based on 3 different driving GCMs (CNRM-
CM5, EC-EARTH, and GFDL-ESM2M) downscaled using the same RCM (RCA4).

» Differences are most apparent in eastern North Africa and Sub-Saharan Africa

* More information is found in the RICCAR Technical Note from the Swedish
Meteorological and Hydrological Institute (SMHI). Regional Climate Modelling and
Regional Hydrological Modelling Applications in the Arab Region.

www.riccar.org
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Differences in modelling outputs

RCA4 (EC-EARTH)

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

Wi

22 July 2020

* Maps show differences in modelling outputs based on 3 different driving GCMs (CNRM-

CM5, EC-EARTH, and GFDL-ESM2M) downscaled using the same RCM (RCA4).
» Differences are most apparent in Sub-Saharan Africa

¢ More information is found in the RICCAR Technical Note from the Swedish

Meteorological and Hydrological Institute (SMHI). Regional Climate Modelling and

Regional Hydrological Modelling Applications in the Arab Region.

www.riccar.org
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Differences in modelling outputs

mm/day

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

* Maps show differences in modelling outputs based on 3 different driving GCMs (CNRM-
CM5, EC-EARTH, and GFDL-ESM2M) downscaled using the same RCM (RCA4).

» Differences are most apparent in Mashreq and western Sahel.

* More information is found in the RICCAR Technical Note from the Swedish
Meteorological and Hydrological Institute (SMHI). Regional Climate Modelling and
Regional Hydrological Modelling Applications in the Arab Region.

WWW.riccar.org Www.unescwa.org 8
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(g ) 2
RICCAR

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

Differences in modelling outputs

mm/day

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

RCA4 (GFDL-ESM2M)

22 July 2020

* Maps show differences in modelling outputs based on 3 different driving GCMs (CNRM-

CM5, EC-EARTH, and GFDL-ESM2M) downscaled using the same RCM (RCA4).

» Differences are most apparent in the Horn of Africa
* More information is found in the RICCAR Technical Note from the Swedish

Meteorological and Hydrological Institute (SMHI). Regional Climate Modelling and

Regional Hydrological Modelling Applications in the Arab Region.

www.riccar.org
Www.unescwa.org
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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

* Uncertainties in modelling outputs can include scenario uncertainties (RCPs), internal

climate variabilities, and differing model assumptions.

www.riccar.org
Www.unescwa.org

22 July 2020
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OW snouia ensemu

RICCAR

» 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)

* RICCAR climate modelling output ensembles are based on 3 members as shown.
* RICCAR ensembles represent a 20-year mean. Results can either be annual or seasonal.

www.riccar.org
Www.unescwa.org

22 July 2020
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How should ensemble be used?

RICCAR

Gl g s s

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

* Mashreq Domain modelling outputs expected starting in early 2021

* Driving GCMs are to be determined. One of them will be EC-EARTH.

* RCM to be used will be ALADIN (Aire Limitée Adaptation dynamique Développement
InterNational) developed by CNRM. ALADIN is currently used by institutes from the
ALADIN-HIRLAM consortium under the name HCLIM-ALADIN (SMHI).

www.riccar.org
Www.unescwa.org 12
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RICCAR

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

* Multiple GCMs and RCMs can be used. For example for the MNA (Arab) Domain, there
are raw RCM output projections available from CORDEX/ESGF that include (shown by
GCM/RCM): (a) CNRM-CM5/RCA4, (b) EC-EARTH/RCA4, (c) GFDL-ESM2M/RCA4, (d)
MPI-ESM-MR/RegCM4.3, and (e) HadGEM2-ES/RegCM4.3. All 5 modelling outputs can
be used to create an ensemble.

* Spatial resolution of all ensemble members should be the same (i.e. all from 50 km /
0.44°)

* Temporal resolution of all ensemble members should be the same (i.e. all daily or all
monthly)

* The modelling domain should be the same (i.e. all from Arab Domain) so that boundary
conditions are identical

* Do not mix bias-corrected data with raw RCM outputs (not bias-corrected)

www.riccar.org
Www.unescwa.org
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RICCAR
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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

* Ensembles for RICCAR are based on the mean output of 3 modelling outputs for 4
different 20-year time periods for 2 different RCP scenarios.

* Available in raster format from the RICCAR Regional Knowledge Hub data portal

www.riccar.org
Www.unescwa.org

22 July 2020
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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)

reating an ensembpie

vatzec5 C Meaio

CNRM-CMS,
RegCM ECRARTH ALADIN
CCLM ARPEGE
WRF NOTESM MPI-ESM

HIRHAM
csmo-mC O g EEE..CBLM
L-CM!

beaufort daysindices

JAprecipitation

degree days frost days

temperatufé”

wet days ¥ SON Seasons regions
relative humidity
DJF wulldAh?peedheal days

www.riccar.org
Www.unescwa.org
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’ g? reating an ensemapie In
RICCAR
“#, Make NetCDF Raster Layer - o X
1. Extract each — ;
raster time slice |.... '%
a. Make NetCDF IE \
Raster Layer | - )
e |
Dimension Values (optional)
| \
Dimension Value i
x
1
+
;W St : :
[ox ]| concel | [enw ShowHep >> |

* Make NetCDF Raster Layer was discussed during webinar module 2.
* RICCAR Training Manual on the Use of GIS to Analyse Climate Change Data Section 3.2.2.

www.riccar.org
Www.unescwa.org
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reating an ensemapie In

RICCAR
Layer Properties X
1. Extracteach e T W
raster time slice
Variable: pr v‘
X Dimension: ﬁ‘
b. Open Layer Y Dmensin "
Properties and Band Dimersin: %
select time for — st
the Band .
DImenSIOn ime/ 01/01/2046
Dimension Values: d
[ Dimension | vawe [N 3
ok ][ comod | [ de

* After selecting time as the Band Dimension, the Dimension Values field will turn blank.

www.riccar.org
Www.unescwa.org 17
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1.

a.

Extract each

raster time slice
Make NetCDF

Raster Layer

b. Open Layer
Properties and
select time for

the Band
Dimension

File

Save as Layer

reating an ensemapie In

888
= = layers
=M @il Copy
™ H X Remove
'L B Open Attribute Table
Joins and Relates L4
@ Zoom To Layer
T Zoom To Make Visible
\Q Zoom To Raster Resolution
Visible Scale Range 4
Data 4
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)

* Save layer file in user-defined location.

www.riccar.org
Www.unescwa.org

22 July 2020
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le
adganll Sl Jsao s B " I
‘ Slsdleg bl bais
k) ypnif s @
whs dleol ] mugll juliEs yusr @
aubail] bl &3 | piaif ks &8
‘ wpall pulall gl
« wlily
« elleall oy
b ALaS s 7 A @
iy yo5 $hao) calas dagnll oda B> e ‘:f
Sl sl Zaikall)

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)

www.riccar.org
Www.unescwa.org

22 July 2020
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1.

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

* Using the NetCDF_time_slice_to_Raster will automatically export each time slice from

the NetCDF layer file as a single raster (.tif).
* Save the tool in a user-defined location.

www.riccar.org
Www.unescwa.org

22 July 2020
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%
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1. Extract each raster time slice

e. Open tool from user-defined location in

ArcCatalog

reating an ensemapie In

Catalog Tree 2 x

Folder Connections
B EJ CG\Users\
=28
= B ArcGiS
& 3 Addins
© E3 NetCDF to Raster
= ¥ NetCDF_time_slice_export.gdb
= @ NetCDF_Time_Slice_Export
57 NetCDF_time slice_export

2]

FEEEEPEFERENEEEEEEE
oopoooDooORROODDOOD =

21

* NetCDF Time Slice to Raster tool may be located in a subdirectory under the user-

defined location (NetCDF_time_slice_export.gdb > NetCDF_Time_Slice_Export >

NetCDF_time_slice_export

www.riccar.org
Www.unescwa.org

22 July 2020
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reating an ensemapie In

Extract each raster time slice

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

Save as Layer File

Open tool from user-defined location in ArcCatalog

a

b

c

d. Download and use NetCDF Time Slice to Raster tool

e

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

5 NetCDF_time._slice_export -

@ Input_NetCDF_layer

% Output_Folder

have a unique name for each
NetCDF file

{ User-defined Output Folder should }

22

* Select the Input NetCDF layer as saved during step 1.c.
* Once completed, select OK.

WWwWWwW.riccar.org
WWW.Unescwa.org

22 July 2020
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1. Extract each raster time slice

NetCDF_time_slice_export n

Executing NetCDF _time_slice_export. ..

( ) | << 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:ss.\:if exgn:\:ed su:cessfulli
Band_40.tif exported successfully
Band 41.tif exported successfully
Band 42.tif exported successfully
Band 43.tif exported successfully

23

* When executing NetCDF Time Slice to Raster tool, the .tif files will automatically named
Band_(number). The numbers will be in chronological order from 1 to n, where n is the
number of time slices. For daily precipitation and temperature, each RICCAR NetCDF
will have 365 time slices (or 366 during leap years), representing each day of the year.
For the extreme climate indices, there are 150 time slices, one for each year (1951-
2100).

* Common error: If the NetCDF Time Slice to Raster output is only one file (Band_1.tif), it
means that the user did not select time as the Band Dimension (step 1.b) before saving
as layer file (Step 1.c).

* Note that tool execution may take several minutes depending on computer speed.

www.riccar.org
Www.unescwa.org 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

tography Tools
ool

rability Tools
"

T
Mining Tool
= Q)
@ & Conditional

& & Density

@ & Distance

& & Extraction
&: Generalization
& & Groundwater
@ & 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

* Cell Statistics tool is located under Spatial Analyst Tools > Local
* Tool requires activation of the Spatial Analyst extension, available in ArcMap under

Customize > Extensions

www.riccar.org
Www.unescwa.org
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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

www.riccar.org
Www.unescwa.org

22 July 2020
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ia reating an ensempie in

RIGCAR

1. Extract each rastertime [Rew — o x
slice  — )

2. Calculate annual (or
seasonal) projections

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

Input rasters or constant values X

Vel g elace

@Band 1074 {Band 1154 @Band 123t MB:
@Band_108tit  @#Band 1164t EfiBand_124tf  HHe: <]

@@Band 1004if  @#Band 1174f  EBand 125.4f  B:
B Band_11.4if #BBand_118tf  EBond_126mf  EHe:

@Band_1104f  {@Band 1194 @Band1274F  HB:
@Band_111.6if  E#Band_12.4if @Band_1206f B
i Band_112.4if @ Band_120.4f [ Band_120.4if e v
@eand 1134f  @@eand1214  EfBand 13.4F .
@Band 11atit  [@#Band 1224  EiBand 1304f  fHB:

ok || cancel | [Envronments...| | Showrep>> |

26

* Select raster files

www.riccar.org
Www.unescwa.org 26
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* The table on the left is for normal calendar years and the table on the right is for leap
years (with 29 February, i.e. 2020, 2024, 2028)

www.riccar.org

WWW.Unescwa.org

e . 2
RICCAR
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“ 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

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

m Output Raster (.tif)

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

22 July 2020
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reating an ensemapie In

A cell s o X
® Input rasters or constant values A
= e
)
2. Calculate annual (or x
. . t
seasonal) projections /\ -
a. 1 NetCDF file (one model,
. Outputraster
one RCP scenario) [ J=!
[rean v|
[ ignore NoData in calculations (optional)
Input rasters or constant values X
VARA|E- SRS
#EBand 2048t {Band 2124  G§Band 2204  EEB:
##Band 205t  {Band 2134 EiBand 221nf  EHHE:
@Band 2064 [@§Band 2144 @Band 2224 EEB:
#Band2074if  EHEBand 2154t EHBand 223nf  Hlle:
#8Band 2000t [8Band 2164t E¥Band 2244t e
#Band 2004 EBand 2174 @Band 2254 EB:
##Band_21.6if @#Band_2184if  EBand 226t  EEB:
fBand 2104  [Band 2194  EHlBand 2274t B o || cancl | [Enviooments...| | Showhep>> |
#Bend 2114f  f§Band_22.6f @Band 2200t Eec
>
Name: |Band_1.4f; Band_2.6f | [asd ]
Show of type: | Rasters o] [ cana |
- 28

* The raster files not listed in chronological order

* Because of this, it can be tedious to select appropriate raster bands (i.e. for January)

www.riccar.org

WWW.Unescwa.org

22 July 2020
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RICCAR
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Creating an ensemble in GIS

A Cel stics ] X
@ Input rasters o constant values .
[ = 8
+
x
T
T New tem = D 4 oper 3
v
g
folder -
a
- T T =]
A Name Dt Tags vl
i Ouickacesss L] Band_28tfw 06/05/2016 1:01 PM 1k8
= 21 Band_28.if 06/05/2016 1:01 PM 11K8
B [7] Band 28tifawcxml  06/05/2016 101 PM 2K8
L] Band_28.tifovr 06/05/2016 1:01 PM 3KB
L4 1] Band 28.tifmi 06/05/2016 101 PM 56KE
= ] Band_201tw 06/05/2016 1:01 PM K8
(2] Band 29.i 06/05/2016 1:01 PM "
L] Band_29.tifauxxml  06/05/2016 1:01 PM. 2KB
1] Band_29.ifour 06/05/2016 1:01 PM 48
L] Band_29.ttxml 06/05/2016 101 PM S6K8
1] Band 3016w 06/05/2016 1:01 PM 1K8
|2/ Band_30if 06/05/2016 1:01 PM 11KB
- L] Band 30tifawxxmi  06/05/2016 1:01 PM 2k8
- () Bana30itow05/05/2016 101 7 18
% H Band 30.tifxml 06/05/2016 1:01 PM S6KB ] [T s [mwess
Bang 31.tw 06/05/2016 1:01 PM 16
3 %] Band 314 06/05/2016 101 PM 10K8
L} L] Band_31.tifauxxml  06/05/2016 1:01 PM. 2K8
B L1 Band 31ifovr 06/05/2016 1:01 PM 3K8
" [ Band 31sifaml  06/05/2016 101 PM s6K8 A |te M at |V e I
= 12 Bang 321 06/05/2016 101 PM K8
[ Bana 32ausxmt 06/05/2016 101 P ™ d /d ro
. rag/drop
= [ Band.326tami  06/05/2016 101 M 56k .
~ 7 sand 33w 0615/2016 101 M 1 raster fIIeS
- v Bana 33t 06/05/2016 101 PM K8
1826tems 155 tems selected  State: & Shared 29

* Be sure to select complete raster file. There will be 5 files for each raster (.tif,

tif.aux.xml, .tif.ovr, .tif.xml, and .tfw).
* After this is completed, may get warning message indicating “Invalid drop item/One or
more dropped items were invalid and will not be added to the contro

Ill

Disregard this

message. It is because all 5 files per raster were selected, but all are not necessary to
execute the tool.

www.riccar.org
Www.unescwa.org
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RICCAR
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reating an ensemapie In

[ =l &)
soies S Eiermone e 2
2. Calculate annual (or o TiETmeeey x
seasonal) projections e Tt S .
a. 1 NetCDF file (one modeI, o.‘,w.:_‘ S— A
one RCP scenario) : : — -

#, Cell Statistics - o X

Input rasters or constant vaiues

30

* OQutput raster file name is user-defined

www.riccar.org
Www.unescwa.org
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g
RICCAR
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For temperature data, the units
of measurement do not include
time (°C)

For precipitation, -
time is considered THIEEY

31

* Mean is the default overlay statistic

* Selecting mean as the overlay statistic for temperature will calculate the average

temperature of all the raster selected.

* If meanis selected as the overlay statistic for precipitation, the result will report the
average precipitation in mm/day (because the NetCDF file and rasters are daily data)

www.riccar.org
Www.unescwa.org
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For precipitation, more common to report
units in mm/month or mm/year

32

* Select sum as the overlay statistic to sum monthly data or yearly data

WWWw.riccar.org WwWw.unescwa.org 32
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;

e atistics: Uveriay >tatistic

#, Cell Statistics -

Input rasters or constant values

[

E:\RCM Climate Data Ensembles\Precipitation RCPE. § (2046-2065)\CNRM-CM5120 _sum
E:\RCM Climate Data Ensembles\Precipitation RCPS, 5 (2046-2065) \CNRM-CMS\2046\aug_sum
E:\RCM Climate Data Ensembles\Precipitation RCPS. 5 (2046-2065)\CNRM-CM5\20F6 \dec_sum
E:\RCM Climate Data Ensembles\Precipitation RCP8. § (2046-2065)\CNRM-CM5\2d46\feb_sum
E:\RCM Climate Data Ensembles\Precipitation RCP8. 5 (m%-msﬂwm:a

E:\RCM Climate Data Ensembles\Precipitation RCP8. 5 (2046-2065)\CNRM-CM5\20
E:\RCM Climate Data Ensembles\Precipitation RCP8, 5 (2046-2065)\CNRM-CMS!
E:\RCM Climate Data Ensembles \Precipitation RCP8, 5 (2046-2065)\CNRM-CM5\204k\mar _sum

<

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

22 July 2020

* To find the annual (or seasonal) average of monthly rainfall, select the monthly values as

the input rasters and mean as the overlay statistic

* If reporting total yearly rainfall, this was completed in previous step, using the sum as

the overlay statistic, selecting all 365 (or 366) raster files.

www.riccar.org
Www.unescwa.org
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Exercise: Calculate seasonal

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

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

Sum monthly precipitation
Calculate mean monthly precipitation

I J
mo-10 .
1 10.00000001 - 20 b

I 20.00000001 - 30
5 30.00000001 - 40
5 40.00000001 - 30
5 50.00000001 - 60
8 50:00000001 - 70

34

* Note that October-March is calculated as January-March 2030 and October-December

2030.

* Result will be as shown when completed. (Adding color scheme and the background
map is optional.) Results should range from 0 to 119.72 mm/month.
* Results for each month: Oct: 0—-197.8; Nov: 0—135.28; Dec: 0 —354.92; Jan: 0 —

47.01; Feb: 0-167.81; Mar: 128.43 mm/month

www.riccar.org
Www.unescwa.org
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b.

2. Calculate annual (or seasonal) projections

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

RCP scenario)

CNRM-CM5 /

RCA4

GFDL-ESM2M /
RCA4

35

* Models shown are the RICCAR GCMs/RCM. Note that ensembles can be composed of

22 July 2020

any GCM/RCM combination as long as the domain, spatial resolution, RCP scenario, and
bias-corrected (or not bias-corrected) are the same.

* Smaller circles represent the mean precipitation (or temperature) for one year per

GCM/RCM.

www.riccar.org
Www.unescwa.org
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a.
b.

C.

1. Extract each raster time slice
2. Calculate annual (or seasonal) projections

reating an ensemapie In

1 NetCDF file (one model, one RCP scenario)

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

Calculate mean for all models in ensemble

CNRM-CM5 / EC-EARTH / GFDL-ESM2M / ()

RCA4 RCA4
RCP8.5 RCP8.5 ()

36

www.riccar.org
Www.unescwa.org
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RICCAR

3.

Compare to reference period

1986-2005

Creating an ensemble in GIS

2046-2065

o b O B ®

37

* Ensemble projections are frequently reported as a change in value to quantify climate
change, compared to a reference period.
* Reference period used for RICCAR is 1986-2005, defined by IPCC ARS.

* Figure shown is from the RICCAR Arab Climate Change Assessment Report - Main

Report, Figure 21, RCP8.5 showing mean change in annual precipitation

www.riccar.org
Www.unescwa.org
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7
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o ety e s e

3. Compare to reference period

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

@ 9 Space Time Pattern Mining, Tools
= @ 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

* To compare projected values to the reference period, use the Raster Calculator, found

under Spatial Analyst > Map Algebra.
* Note that the Spatial Analyst extension must be active.

www.riccar.org
Www.unescwa.org
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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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#, Raster Calculator i m| X

Map Algebra expression

Layers and veriables Conditional — A
< #recpitation 2030 (2021-2040) RCPB.5 T con
& Precipitation reference period RCPS.S ‘L ﬂ‘l ] ‘j"; (8| s

[IEIE] EIBIRIT o
e e e | Math
EIEE EEEE v

=T R 2. v

\ “Precipitation 2030 (2021-2040) RCP8. 5" - Precpitation reference period RCPS.5" }

Output raster
| £:IRCM Cimate Dats Ensembles \Precipitation RCPS.5 (2036-2045) \change | @

3. Compareto
reference
period

oK | Cancel | |Environments... | Show Help >>

40

* Note that raster files must be added to ArcMap project to use in the Raster Calculator
(shown in Layers and variables).

* Subtract the reference period value from the projected value to calculate the change.

* Recommended to provided a user-defined Output Raster rather than leave the default
name to help facilitate future access of the raster file. Note that ArcMap often limits the
number of characters in the file name (shown as “change” in the example).

www.riccar.org
Www.unescwa.org
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ICCAR

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
TN90p  Warm nights R95p MEDRIEENE

R99p Extremely wet days

TX90p  Warm days

PRCPTOT  Annual total wet-day precipitation

41

* 27 Core Indices defined by ETCCDI (Expert Team on Climate Change Detection and
Indices)

* The 7 indices highlighted were used for RICCAR, plus SU35 and SU40. Note that the
indicator name may differ slightly.

* Definitions and units of measurement:

www.riccar.org

WWW.UNescwa.org

FDO — Annual count when TN (daily minimum) < 0 °C (days)

SU25 — Annual count when TX (daily maximum) > 25 °C (days)

IDO - Annual count when TX (daily maximum) < 0 °C (days)

TR20 — Annual count when TN (daily minimum) > 20 °C (days)

GSL — Annual count (1 Jan to 31 Dec in northern hemisphere, 1 Jul to 30 Jun in
southern hemisphere) between first span of at least 6 days with daily mean
temperature > 5 °C and first span after 1 Jul (1 Jan in southern hemisphere) of 6
days with daily mean temperature < 5 °C (days)

TXx — Monthly maximum value of daily maximum temperature (°C )

TNx — Monthly maximum value of daily minimum temperature (°C)

TXn — Monthly minimum value of daily maximum temperature (°C)

TNn — Monthly minimum value of daily minimum temperature (°C)

TN10p — Percentage of days when minimum temperature < 10t percentile (days)

22 July 2020
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* TX10p — Percentage of days when maximum temperature < 10t percentile
(days)

* TN90p — Percentage of days when minimum temperature > 90t percentile (days)

* TX90p — Percentage of days when maximum temperature > 90t percentile
(days)

*  WDSI - Annual count of days with at least 6 consecutive days when maximum
temperature > 90t percentile (days)

* CSDI - Annual count of days with at least 6 consecutive days when minimum
temperature > 10t percentile (daysO

* DTR - Monthly mean difference between daily maximum and daily minimum
temperature (°C)

* RX1day — Monthly maximum 1-day precipitation (mm)

* RX5day — Monthly maximum consecutive 5-day precipitation (mm)

* SDII—Annual total precipitation divided by the number of wet days
(precipitation = 1.0 mm) (mm/days)

* R10 - Annual count when precipitation > 10 mm (days)

* R20 - Annual count when precipitation > 20 mm (days)

* Rnn - Annual count when precipitation > nn mm (nn is user-defined threshold)
(days)

* CDD - Maximum number of consecutive days with precipitation < 1 mm (days)

* CWD - Maximum number of consecutivey days with precipitation > 1 mm (days)

* R95p — Annual total precipitation when daily precipitation > 95 percentile (mm)

* R99p — Annual total precipitation when daily precipitation > 99t percentile (mm)

* PRCPTOT - Annual total precipitation in wet days (precipitation > 1 mm) (mm)

* Can calculate indices from NetCDF files using CDO or from time series data (.txt) for
single point location using RClimDex (http://etccdi.pacificclimate.org/software.shtml)

www.riccar.org
WWW.unescwa.org 42
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e ) 4

14

Why are extreme climate indices important?

(mm/month)

B <0
B 0t0-8
I st0-6
[6to 4
[J4t-2
[J2tw0
[Jo-2
:lZ(o4
[J4twse
s6ts
Bl 5010
| B0

(mm)
s
Bl 2502
B 20015
1501
:l -1t0-0.5
[Josw00

0-05
[Jost01
115
15102
Bl 225
s

Precipitation
decreasing (or

increasing slightly)
while intensity
increasing
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Why are extreme climate indices important?

(°C)

|:|<1
[ Jitw1s
1502
2025
25003
Bl 30035
Bl ss504
B st04s
| P
-

- (days/year)

[ Jotw10
[ J1oto20
[ 20t030
[ 30t0 40
I 40to 50
I 50060
B 500 70
I 70080
| BEY

SU40 Mid-century RCP8.5

Temperature
increasing such

that intense heat
waves (> 40 °C)
more likely
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Why are extreme climate indices important?

7
RICCAR

i

—

Use of extreme climate indices can
help with mitigation, adaptation,
risk reduction, and policy planning

44
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Heat wave
duration

mate indices

Livestock
heat stress

www.riccar.org
Www.unescwa.org
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Intense
rainfall and
flash flood

Agricultural
drought

Deforestation

Water
scarcity

Flood risk and
urbanization

www.riccar.org
Www.unescwa.org

22 July 2020

47



RICCAR Webinar Series — Module 4 22 July 2020

Thank Yol

Marlene Ann Tomaszkiewicz

Regional Advisor for Climate Change Analysis using GIS

Water Resources Section

Climate Change and Natural Resource Sustainability Cluster

UN Economic and Social Commission for Western Asia (ESCWA)
tomaszkiewiczm@un.org
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