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CLIMATE CHANGE ANALYSIS USING GIS

Module 2:
Viewing NetCDF regional climate modelling datasets in GIS
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= Module 1:

v'Module 2:

Module 3:

Module 4:

Module 5:

Module 6:

RICCAR regional climate modelling and
hydrological modelling datasets: An introduction

Viewing NetCDF regional climate modelling
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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Module 2: Contents

= What is NetCDF
» Multidimension tools: Working with NetCDF files in a GIS platform

Gl g s s

= Visualizing NetCDF files

www.riccar.org
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g
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Training Manual on the Use of GIS to
Analyse Climate Change Data

Coming soon

Will be available online from the RICCAR
Regional Knowledge Hub

(www.riccar.org) under Knowledge
Resources

* Information included in this module is detailed in this training manual and relevant

sections will be referenced.

* Manualis currently being finalized and will be available online. We will let participants
know when it becomes available. It will be available in both English and Arabic.

www.riccar.org
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* NetCDF (Network
Common Data Form) is
used for array-based data

» Typically consists of one
or more variables (i.e.
precipitation,
temperature) and two or
more dimensions (i.e.
latitude, longitude, time)

>
9\9\‘

Variable(s)

Longitude

Latitude

* Most climate datasets (including RICCAR) are in NetCDF format (designated with a .nc

suffix)

* Used for array-based data — allows for the application of an entire set of values at once
* NetCDF files are used for climate, oceanography, air pollution and other datasets and

lessons from this module can be applied to other .nc datasets beyond RICCAR

* RICCAR Training Manual on the Use of GIS to Analyse Climate Change Data Section 3.1

www.riccar.org
Www.unescwa.org
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RICCAR

« Panoply - NetCDF viewer developed by NASA Goddard Institute for Space Studies (open
access: https://www.giss.nasa.gov/tools/panoply/download/)

» Python - Can access NetCDF files with the PyNIO module
* R - Supports NetCDF through packages such as ncdf4 or RNetCDF
» MatLab - Can read or write NetCDF files

* Climate Data Operators (CDO) - Includes more than 350 operators including calculation of
extreme climate indices and statistical analysis

(https://code.mpimet.mpg.de/projects/cdo)

| ArcMap GIS

* Listed are a few of the common software platforms that work with NetCDF files

www.riccar.org
Www.unescwa.org
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+ Software familiarity
* Ability to visualize data

« Allows for comparison of other geospatial datasets

T .
.

Lt
i
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* Limited functions
 Cannot “clip” data
« Cannot perform certain analyses

* Not compatible with all NetCDF files
» Must be netcdf 4 format
» Must have geospatial data included

oM tistory tpe?
HDF?
ASCIT?
pinary’
2
netCOF GriB?

* Cannot “clip” or extract data based on a shapefile such as country
* Cannot perform analyses such as calculation of extreme climate indices

www.riccar.org
Www.unescwa.org 8
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Climate data

Precipitation
and
Temperature

data

+ Daily
 Bias-corrected
» 1951-2100

Spatial
Resolution

0.22 grid
resolution
(~25 km)

0.44 grid
resolution
(~50 km)

RICCAR NetCDF Files

Driving GCMs Climate Scenarios

EC-EARTH RCP8.5

GFDL-

ESM2M

RCP8.5

RCP8 5

RCP8 5

W

RCP4.5
RCP8 5

* RICCAR NetCDF data contain the outputs from the Regional Climate Modelling (RCM)

* RCMs are downscaled from three different Global Climate Models (GCM)

* Itis recommended to present data as an ensemble mean — meaning over a 20-year
period, using outputs based on the 3 driving GCMs (thus limiting data availability to the

0.44 grid/50 km)

8 July 2020

* Other datasets (25 km grid, RCP2.6) are available as shown for comparative analysis- but
should not be presented as an ensemble mean

www.riccar.org
Www.unescwa.org



RICCAR Webinar Series — Module 2 8 July 2020

Advantages Using RICCAR RCM Outputs

Circulation patterns from Indian Ocean

Same assumptions from east-west, north-south across Arab region

* The Coordinated Regional Climate Downscaling Experiment (CORDEX) is a unified
framework to conduct regional climate modelling for differing domains around the
world. The Arab Domain was established as part of CORDEX (described as Middle East-
North Africa)

* RCM outputs for the Arab/Middle East-North Africa domain are available from CORDEX
(as well as other domains) but are not bias-corrected data

More information on CORDEX datasets, how to access, and reasons to access will be
covered in webinar module 5

www.riccar.org
Www.unescwa.org 10
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2. Bias-corrected data

Reanalysis data for
control period 1980 2009

S o E—

Beginning of 2006
< Historical “ RCP Scenario>

1951 End of 2005/ 2100

GCM and RCM modelling outputs have systemic biases which result in some

inaccuracies in results, such as unexpected colder temperatures or heavier precipitation.
Bias-correction attempts to reduce these inaccuracies by incorporating reanalysis data

based on historical meteorological observations

Note that although bias-correction is widely used, it is still controversial and has some
limitations. This is why raw (not-bias-corrected) RCM outputs are still available directly

from CORDEX.

Bias-corrected data is recommended for use in hydrological applications and impact

studies which is why used for RICCAR data.

CORDEX data describes historical data as those modelling outputs through the end of

2005. The RCP scenarios (RCP4.5, RCP8.5) start at the beginning of 2006.

The reanalysis data (based on observed data) used for the bias-correction included a

control period from 1980-2009

Because of the bias-correction, the “historical” outputs (2005 and before) will very
slightly differ based on the RCP scenario. Thus is it important to compare “projected”

RCP4.5 outputs to “historical” RCP4.5 outputs; similarly for RCP8.5 “historical” vs

“projected”.

www.riccar.org
Www.unescwa.org
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Advantages Using RICCAR RCM Outputs

3. Gregorian calendar format

No. 1 2 3 4 5 6 7 8 9 0 | 1 12
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Number of | 31 28 | 31 30 | 31 30 | 31 31 30 | 31 30 | 31

days (29)

Different research CNRM-CM5 Gregorian
clfElE LY have EC-EARTH Gregorian

output using non- |:>
conventional GFDL-ESM2M 365-day
calendars CSIRO-Mk3-6-0 365-day
HadGEM2-ES 360-day

* RICCAR RCM outputs use a Gregorian calendar format which is the current international
standard based on 365 days per year with 366 days every four years (leap year)

* Other climate modelling outputs may have differing calendars. Note that GFDL-ESM2M
outputs on CORDEX are based on a 365-day calendar (including leap year) but the
outputs available from RICCAR have been corrected to the Gregorian calendar format.
HadGEM2-ES models use a 360-day calendar such that every month (including February)
has 30 days.

www.riccar.org
Www.unescwa.org 12
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4. Extreme climate indices

M
Number of summer days Number of days (annually or seasoonally ) when
daily maximum temperature = 25°C
SUES | vl of st Nu.mber of days (annually or seasoonally) when
daily maximum temperature = 35°C

SUAD | e e e s Nu.mber of days (annually or seasoonally) when
daily maximum temperature = 40°C

TR | Number of tropical nights Nu.mbe.r qf days (annually or seafonally) when
daily minimum temperature > 20°C

* Extreme climate indices are not readily available from CORDEX or other climate
modelling output datasets and need to be calculated using CDO (climate data operators)
or other software platforms

www.riccar.org
Www.unescwa.org 13
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4. Extreme climate indices

E T
DD Maximum length of dry Maximum number of consecutive days when
spell daily precipitation < 1 mm
CWD Maximum length of wet | Maximum number of consecutive days when
spell daily precipitation > 1 mm

precipitation days 10mm

Number of 20 mm Number of days when daily precipitation >
precipitation days 20mm

Simple precipitation Ratio of total precipitation (annually or
intensity index seasonally) the number of wet days

- Number of 10 mm Number of days when daily precipitation >

www.riccar.org
Www.unescwa.org

8 July 2020
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5. Common units of measurement

Temperature

Precipitation

Extreme indices (except SDII)
SDll

€

mm day’

days year?' (or days season™)
mm

Climate model  JELP22meter s |
standard units

Temperature

Precipitation

K

kgm2s

* CORDEX and other climate modelling outputs use units of measurements such as K for
temperature and kg/m2/s for precipitation. However, RICCAR RCM outputs use more
commonly used units of measurement

www.riccar.org
Www.unescwa.org

8 July 2020
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Disadvantages Using RICCAR RCM Outputs

RICCAR
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1. Spatial and temporal resolution may be too coarse
2. Some common climate parameters not evaluated (i.e. humidity, wind speed)
3. Data gaps near coastal areas (due to bias-correction)

* RICCAR modelling outputs were based on a regional analysis. Certain requirements may
need finer spatial (less than 25 or 50 km) or temporal (less than 1 day) resolution, such

as basin analysis
* Differing modelling output requirements may be met using CORDEX data

www.riccar.org
Www.unescwa.org
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RIGEAR
CORDEX domain
and spatial Ensemble
resolution member
pg;%aet’?er GCM Climate  designation

| scenario
IJ-\ r N I 2 [ | 1T

pr_MNA-44 CNRM-CERFACS-CNRM-CM5 _historicalandrcp45 r1i1p1_
SMHI-RCA4_v1-bc-dbs-wfdei_day 19510101-21001231_2046_2046.nc

T\ ] 1 I\ l\_ry
l ‘_r, NetCDF file

Regional Temporal resolution designation
climate model (daily) _ _
(RCM) used Time period Time period
entire dataset this file

Distribution based scaling (data for

(bias-correction method) EC-EARTH RCP8.5
begins in 1970)

* Note that RICCAR datasets follow a similar naming convention as CORDEX

* Thisis for a sample precipitation NetCDF file. It will be similar for temperature data

* Note that although EC-EARTH data for RCP8.5 begins in 1970, the file name will still
show 19510101-21001231 to designate the time period, like the remaining RICCAR
NetCDF files

www.riccar.org
Www.unescwa.org 17
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RICEAR
CORDEX domain
) and spatial ) Regional
Climate resolution Climate climate model
parameter GCM scenario (RCM) used

I N

cdd_MNA-44_ICHEC-EC-EARTH_rcp45_r12i1p1_SMHI-RCA4-
DBS43-WFDEI-1980-2009 v1_day 1951-2100_ANN.nc

‘_r LTJNetCDF file
Temporal designation
resolution of Temporal resolution
input data of this dataset
P . (Annual or seasonal:
Dl_strlbutlon pased scaling DJF, MAM, JJA, SON)
(bias-correction method) ) )
Time period
entire dataset 18

* This naming convention is for the extreme climate indices

* Extreme climate indicates have annual data (designated as ANN) or seasonal data based
on 3-month seasons (DJF: December, January, February; MAM: March, April, May; JJA:
June, July, August; SON; September, October, November)

www.riccar.org
Www.unescwa.org 18
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Near-surface air temperature

Daily maximum near-surface air temperature
Daily minimum near-surface air temperature
Precipitation

Maximum length of dry spell
Maximum length of wet spell

Count of 10 mm precipitation days

Count of 20 mm precipitation days

Simple precipitation intensity index

Number of summer days
Number of hot days

Number of very hot days
Number of tropical nights

tas
tasmax
tasmin
pr

cdd
cwd
pr10
pr20
sdii

su
su35
su40
tr

* These abbreviations may differ from the index. (For example, pr10 in file name is for the

R10 index).

www.riccar.org
Www.unescwa.org

8 July 2020
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NREES L+BRx » >

Cannot add NetCDF files to ArcMap workspace like adding normal

V ]

in ArcMap

shapefiles or rasters

s

@ & 3D Analyst Tools

@ &) Analysis Tools

@ @ Cartography Tools

o] . Conversion Tools

] . Data Interoperability Tools

] . Data Management Tools
@ Editing Tools

@ @ Geocoding Tools

B . Geostatistical Analyst Tools

7] . Linear Referencing Tools

1] . Multidimension Tools

=@ Network Analyst Tools

o] . Parcel Fabric Tools

] ‘ Schematics Tools

@ . Server Tools

@ & Spatial Analyst Tools

) @ Spatial Statistics Tools

2] ‘ Tracking Analyst Tools

20

* Normally add data (shapefiles and rasters) to ArcMap workspace using “+” icon. (If this
toolbar is not shown, it can be added to GIS by selecting “Customize” and then
“Toolbars”. There is an option to select differing toolbars including this one, which is the

“standard” toolbar.)

* However, cannot add NetCDF files to ArcMap GIS using the “+” icon. They must be
added using the “Multidimension Tools” available from the ArcToolbox

* Note that this webinar series will use an English version of ArcMap GIS. There will be
occasional references to the Arabic and French versions to help locate tools.

www.riccar.org
Www.unescwa.org

8 July 2020
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e et

Search

B x
€9 |82 )E localseaen ]|
AL Maps Da Tools Imiss

[uttici tools x @

Any Extent v

Search returned 9 items v SortByv

“ Raster to NetCDF (Multidimension) (Tcal)
Converts a raster dataset to a netCOF file.
idimension tool: to...

#, Select by Dimension (Multidimension) (Tool)
Updates the netCDF layer display or netCDF table view based on t...
lect by ..

“, Table to NetCDF (Multidimension) (Tool)
Converts a table to a netCDF file.

tools.thx\table to n...

# Feature to NetCOF (Multidimension) (Tool)
Converts a point feature class to a netCDF file.
‘tools.thx\feature to...

“, Make NetCDF Feature Layer (Multidimension) (Tool)
Makes a feature layer from a netCOF file.

ion tools.tbx\make net...

“ Make NetCDF Raster Layer (Multidimension) (Tool)
Makes a raster layer from an netCOF file.
tools.thx\make net...

“, Make NetCDF Table View (Multidimension) (Tool)
Makes a table view from a netCDF file.

ion tools.thx\make net...

“ Make OPeNDAP Raster Layer (Multidimension) (Tool)
Makes a raster layer from data stored on an OPeNDAP server.
tools.tbx\make ope...

@ Multidimension (Toolbox)
The Multidimension toolbox contains tools that operate on multi...
i tools.thx

& ArcToolbox

= @ 3D Analyst Tools

o] . Analysis Tools

@ @ Cartography Tools

o] . Conversion Tools

@ @ Data Interoperability Tools

i @ Data Management Tools
@ Editing Tools

i @ Geocoding Teols

1 @) Geostatistical Analyst Tools

o ‘ Linear Referencing Tools

2] . Multidimensio

= ' Network Analyst Tools

] . Parcel Fabric Tools

=] . Schematics Tools

2] . Server Tools

@ @ Spatial Analyst Tools

| ) @ Spatial Statistics Tools

& @) Tracking Analyst Tools

21

* Opening the “Multidimension Tools” can be done using the “Search” tool or from the

“ArcToolbox” depending on personal preference.

www.riccar.org
Www.unescwa.org
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Vviultidimension

& ArcToolbox

@ @ 3D Analyst Tools

@ @ Analysis Tools

i @ Cartography Tools

® . Conversion Tools

@ @ Data Interoperability Tools

‘ Data Management Tools
@ Editing Tools

# @ Geocoding Tools

@ @ Geostatistical Analyst Tools

@ @ Linear Referencing Tools

el
Feature to NetCDF
Make NetCDF F

#., Make NetCDF Raster Layer
#, Make NetCDF Table View

“\, Make OPeNDAP Raster Layer
#, Raster to NetCDF
#, Select by Dimension
#, Table to NetCDF

@ @ Network Analyst Tools

] . Parcel Fabric Tools

= @ Schematics Tools

® . Server Tools

@ @ Spatial Analyst Tools

@ Spatial Statistics Tools

22 . Tracking Analyst Tools

x B

ArcToolbox [
Data Interoperability Tools @ @
Geostatistical Analyst Tools @ @
Schematics Tools ° =
Tracking Analyst Tools . ®
3D Analyst olgs] @ @
ArcGIS Network Analyst Slgsl @ @
Spatial Analyst oilssi @ ®
il gyls] clgsl @ @
b sl lgdl @ ®
ilSall ebayl Ol }
il lgsl @
Julatll ilg>l @ @
Qigaill cilgsl @ @
wdlall ugsill gl @ @
ealall ol @ @
drluall Cisg i gy L,uml ulg:l D

OPeNDAP ddnaj olily
[Teicor T b o b ol
NetCDF alleo daub cliu] =
NetCDF Jgi> yoye cliv)
NetCDF | duhii ilily

sl s apsad A

NetCOF LJ] Joaz

NetCDF oJ] ales 4,
ehill pawi lgdl @ @

ArcToolbox 1 x

ArcToolbox
1 @ Data Interoperability Tools
@ @ Geostatistical Analyst Tools
i @ Outils 30 Analyst
@ @ Outils d'analyse
1 @ Outils d'atelier parcellaire
23] . Outils de cartographie
®| . QOutils de conversion
@ @ Outils de géocodage
@ @ Outils de gestion des données
@ Outils de mise  jour
1 @ Outils de référencement linéaire
= @ Outils de serveur
@ @ Outils de statistiques spatiales
® 9 Outils d'exploration des modeles spatio-tempor|
=] . QOutils multidimensionnels
~ Entite' vers NetCDF

o entité D

'(\ Générer une (uuche raster NetCDF
ENErer une Ci raster NDAP

‘\ Ge\erer une vue !abulalre N:tCDF

\, Raster vers N
#, Sélectionner par dimension
#, Table vers NetCDF
i @ Outils Network Analyst
® . Outils schématiques
@ Outils Spatial Analyst
& @ Tracking Analyst Tools

22

* Multidimension tools have multiple functions. The 2 most commonly used (covered in
this webinar series) are shown.

* Available from ArcMap version 10.2 or later.

www.riccar.org
Www.unescwa.org
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* RICCAR Training Manual on the Use of GIS to Analyse Climate Change Data Section 3.2.

www.riccar.org

WWWw.unescwa.org
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[ ArcToolbox

@ @ 3D Analyst Tools

23] . Analysis Tools

s @ Cartography Tools

& @ Conversion Tools

1 @) Data Interoperability Tools

@ @ Data Management Tools

@ Editing Tools

@ @ Geocoding Tools

) @ Geostatistical Analyst Tools

@ @ Linear Referencing Tools

[=] . Multidimension Tools
#, Feature to NetCDF
#, Make NetCDF Feature Layer
#, Make NetCDF Raster Layer
#., Make NetCDF Table View
#., Make OPeNDAP Raster Layer
#., Raster to NetCDF
4. Select by Dimension
#, Table to NetCDF

@ @ Network Analyst Tools

2] . Parcel Fabric Tools

@ @ Schematics Tools

) @ Server Tools

@ B Space Time Pattern Mining Tools

w @ Spatial Analyst Tools

@ @) Spatial Statistics Tools

@ @ Tracking Analyst Tools

#., Make NetCDF Raster Layer

® Input netCOF File

% Variable

® X Dimension

% Y Dimension

© Output Raster Layer

lsardmm(opﬂuﬂ)

Dimension Values (optional)

Dimension

[ =[x [+

Method (optional)

BY_VALUE

[ o

]| cancel | [Enuronments... | | ShowHep >> |

23
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www.riccar.org

DO VIQKE D

(Tool in Arabic)

NetCOF J duhas Dby daab cli]

REtCDF wilo Jis5| &

Jusin &

Xa=dl &

Yasdl @

oLl Aunddl Glil) 3 B

(i) %

(silsd) 2=l p.il

sl

>

(5lei) @oadll aazi 8

[ s | [Caoee ]

BY_VALUE

24
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() VIAKEe NE

(Tool in French)

# Génerer une couche raster NetCDF _ o %

# Fichier NetCDF en entrée ~

[ | @

® Variable

# Dimension X

Imsmdemu(iaumm
Ivdarsdednarﬂm(facwagﬂ
=
Dimension Valeur +
x
™
+
b4 >
Méthode de sélection de valeurs i
’w—(ﬁm_wz .
v
ok || Annuer || Envionnements | | Afficher faide >> |

25
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* Select the NetCDF file by clicking on the folder icon and picking the folder where you

o5
RICCAR
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Make NetCDF Raster Layer: Entering Data

A Make NetCDF Raster Layer

[© Input netCOF File

S\

Select the

NetCDF file

® X Dimension
Y Dimension
so Layer
Band Dimension (optional) |
Dimension Values (optional) @ Open X
| Lookin: [ || pr_MNA44 CNRMCERFACSCNRM-CMS h v| @ (¥ £ (@~ | &
Dimension Value * Name o Dat A
£ [ pr_MINA-44_CNRM-CERFACS-CNRM-CMS _historicalandrcp8S_r1ilpl_... 12/
Quickaccess [, MNA-44_CNRM-CERFACS-CNRM-CMS _historicalandrep8_rilpl_... 12/
7l [ pr_MINA-44_CNRM-CERFACS-CNRM-CMS _historicalandrcpgs_r1ilpl_. 12/
[ pr_MNA-44_CNRM-CERFACS-CNRM-CMS _historicalandrcp8_1ilpl_.. 12/
Desktop [ pr_MNA-24_CNRM-CERFACS-CNRM-CMS _historicalandrcp8_r1ilpl_.. 12/
- [ pr_MINA-24_CNRM-CERFACS-CNRM-CMS _historicalandrcp8S_r1ilpl_.. 12/
" [ pr_MINA-44_CNRM-CERFACS-CNRM-CMS _historicalandrcp8_r1ilpl_.. 12/
&S Libraries || pr_MNA-44_CNRM-CERFACS-CNRM-CMS_historicalandrcp85_rlilp1_... 12/
Value Selec (optional) [ pr_MNA-44_CNRM-CERFACS-CNRM-CMS _historicalandrcp8_r1ilpl_.. 12/
BY_VALUE § [ pr_MNA-44_CNRM-CERFACS-CNRM-CMS _historicalandrcp8_r1ilpl_... 12/
This PC [ pr_MNA-44_CNRM-CERFACS-CNRM-CM5_historicalandrep85_rlilpl_... 12/,
< >
Cance File name: v Open
[ =T, [ =
Flesoftype: | Al Fiters Listed ("nc:") vl [ caned |

[J0pen as readony

26

have saved NetCDF files to your computer.

www.riccar.org

WWWw.unescwa.org
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& Make NetCDF Raster Layer

- o x
Input netCOF Fiie P
[ E:\SMHIDA ~1\DBSNET ~1\PRECIP ~ 1 RCPB5(~1 49D PR_MNA~L.5\PR7627~LNC =]
2
v
|
2
|
=
|
Dimension Value FJ
x
1
¥
< 2>
Value Selection Method (optional)
BY_VALUE v‘
v
[ ] comct |l | [ shon el >> |

Make NetCDF Raster Layer: Entering Data

Default
EINGES

(must be
ETTELY
changed)

27
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Make NetCDF Raster Layer: Entering Data

#., Make NetCDF Raster Layer

Input netCDF File

| E:\SMHIDA ~1\DBSNET ~1\PRECIP~1\RCP85(~1.44D\PR_MNA~1.5\PR7627~1.NC

Variable
pr

[ rord

Y Dimension

e

Raster La
pr_Layer1

Band Dimension

Dimension Values (optional)

Dimension Value

+ =[x [+ <

Value Selection Method (opti
BY_VALUE

[Cok | concel | [em

| ShowHelp >> |

28

* For “Variable”, pick the climate parameter abbreviation. In this example, “pr” is selected
for precipitation. All climate parameter abbreviations for RICCAR data is on slide 19 of
this module.

www.riccar.org
Www.unescwa.org
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RICCAR Make NetCDF Raster Layer: Entering Data

Gl g s s

#, Make NetCDF Raster Layer - O X

Input netCDF File
[ E:\SMHIDA~ 1\DBSNET ~1\PRECIP~1\RCPBS(r~ 1. 440 PR_MNA~ 1. SPR7627LNC | e
Variable

Dimension Value

< >

Value Selection Method (optional)
[BY_vae v

[ ok ]| cancel | |Envi Show Help >>

29

* For the “X Dimension” and “Y Dimension”, select “lon” (for longitude) and “lat” (for
latitude), respectively.

* The nlon and nlat dimensions will be discussed in Webinar Module 3.

* If default nlon and nlat are used, the resultant raster layer will be georeferenced
incorrectly and not match up with shapefiles and other GIS datasets.
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Make NetCDF Raster Layer: Entering Data

K Make NetCDF Raster Layer

Input netCDF File

l E:\SMHIDA ~1\DBSNET ~1\PRECIP~1\RCP85(~1. 44D \PR_MNA~1.5\PR7627~1.NC

Variable

Value

30

* For the “Output Raster Layer”, the default name can be left as is or user defined.
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Make NetCDF Raster Layer: Entering Data

’K\ Make NetCDF Raster Layer

Input netCDF File

[ E:\SMHIDA ~1\DBSNET ~1\PRECIP~1\RCP85(~1. 44D \PR_MNA~1.5\PR7627~1.NC

Variable

pr
X Dimension

o

Y Dimension

P

Value Selection Method (opti

BY_VALUE

[ concel | [Em

| showHelp >> |

31

Remaining entries are optional and not used for RICCAR data as well as most climate

datasets.
Once all entries are complete, click “OK”.
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Table Of Contents

Eiao8
- = Llayers

=
Value
™ High: 141.31

Low: 0

32

* Result will be a raster layer as shown

* Note that color scheme is automatically determined by ArcMap and may be different for

other language versions.
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RICCAR

o ety e s e

 NetCDF file provided to participants and available on Webinar series event website is
an extracted file based on Morocco (to reduce file size)

» Complete NetCDF files are available from the RICCAR Regional Knowledge Hub data
portal (www.riccar.org) or upon request

RICCAR

Regional Initiative for the Assessment of Climate Change Impacts on
\Water Resources.and Socio-Economic Vulnerability in the Arab Region

33

¢ The NetCDF file for Morocco is obtained from RICCAR NetCDF file and was extracted

using CDO (Climate Data Operators).

* More information about the RICCAR Regional Knowledge Hub (RKH) data portal will be
discussed in Module 5.
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DF Raster Layer Resuit (Morocco

RICCAR

[ r—
Fle Bt View Bockmuks Iuen Selction Geoprocesing  Cusomie Windans

Drawing~ R ) | O~ A - 7 [@ % V0 B ulA-S -2
Ra®o::ies ®-0 80/ B2NS2 TRy Geostatsical Anst et @ g

DEB@& L A8 x 00 &[0 | SISO ey ceouteming: oz SFE SRS 11N m—]
Brme 10608 o Hy
=YY
Z

= M pr_layer2
Value
™ High: 0

- Low: 0
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Arab Domain shapefile is included in background to give spatial reference
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Notes on Ne

DF Raster Layers

« Each NetCDF file contains multiple “time slices”

« Temperature and precipitation files have 365 time slices (one for
each day of the year) except for leap years which have 366 time
slices

« Extreme climate indices have 150 time slices (one for each year
1951-2100)

» By default, the first time slice is shown in the raster layer

« January 1 for temperature and precipitation data
* 1951 for extreme climate indices

35
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oy
RICCAR

File Edt View Bookmarks Inset Selection Geoprocessing Customize Windows Help

elect Other *

Drawing~ N () & O - A

Joins and Relates

D ZoomToLayer

48 Zoom To Raster Resoltion
Visitle Scale Range
Data
Edit Features

O save dsLayerFie..

@ Creste Layer Package.

[ Properties...
Layer Properties
Display the propertis of this layer

Eanes «s x 0 LIABRORE Geostastca Anlyst= @
Deds B x|o oG- [Zamm ]
T a—
CELEEE L LYY
‘Table Of Contents. B x
EEECE]
EL
X
Vail (8 Cony
[ High % Remove
.lvw

Ime Slices’

Right click on layer name
in Table of Contents to
display layer properties

36

[BlAccobo [ Tbie Of Conents Qoo
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%
RICCAR

Gl g s s

Layer Properties

Layer Properties

General Source Extent Display Symbology NetCOF  Time

Variable: pr ~

X Dimension: lon v

¥ Dimension: lat |
Band Dimension: | v

Dimension Values:

time 01/01/2048

Vertical Dimension: | 3

37

* Multiple tabs are available under Layer Properties. The NetCDF properties are found in
the “NetCDF” tab, including the current raster layer time slice (i.e. date, year).
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Layer Properties (in Arabic)

aaihll yailas X

re el Gl 2 Gyl NetCDF 5y

v = tegamn
[v lon| X =l
I~ lat| A sl
\-v | taml Bl
2=l pad
-~
01/01/2046 time
v
2 tapud) stad

ok [ Concal |1 b
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Layer Properties (in French)

Propriétés de la couche X
Général Source FElendue Affichage Symbologie NetCDF  Temps
Variable: pr ~
Dimension X: ‘bn v
Dimension Y: “ll v
Dimension de canal e
Valeurs de dimension:
~
time 01/01/2046
v
Dimension verticale : >
ot ] [ oot | (IS

39
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g
RICCAR

Gl g s s

Layer Properties

General Source Bdent Display Symbology NetCOF Time

Variable: pr ~
X Dimension: m—v
¥ Diension: jat = Select different
Bend Dimension: ~ dates using the

dropdown box

Dimension

01/01/2046 00.00:00
01/02/2046 00:00:00
01/03/2046 00:00:00
01/04/2046 00:00:00
01/05/2046 00:00:00
01/06/2046 00:00:00 v

Vertical Dimension: &

40

* Note that ArcMap may have differing ways the time slices are shown. Users may have
month-day-year and time like shown. The time is shown but is not applicable in this
case because there is only value per day.

* Some users may have day-month-year and no time shown. Also, other users may not
have the ability to use the dropdown box and may have to enter differing dates
manually. This may require trial to determine whether dates are entered as month-day-
year or day-month-year.

www.riccar.org
Www.unescwa.org

8 July 2020

40



RICCAR Webinar Series — Module 2

Table Of Contents

E..J E| &

-1 & Layers

=
Value
P High: 49.58

Low: 0

14547 0795 Desimel Deress.

41

* By selecting differing time slices, the raster shown and the values will adjust accordingly.
This example is 10 June 2046.
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Gl g s s

%
RICCAR

Range of Values

ELER W=

£ £ Layers
- @ [

Valu

™ High

Low:|0

48.58

The highest values for this
time slice (10 June 2046)
are 49.58 mm/day of
precipitation and displayed
inred

42

* Users must consider the temporal resolution of the NetCDF file. Because RICCAR
precipitation NetCDF files are daily, the units of measurement are mm/day.
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.m Saving Raster Layer

Sl e s
Gl g s s
o ety e s e

« NetCDF raster layers are only in the computer temporary memory
+ Raster layers can be saved by selecting “Save as Layer File" or by
exporting data

5 £ Layers ‘ | Teble Of Contents i
=@ B
va (3 Copy 5 & Layers
™ Hig % Remove =M
' —— B copy
(o] B Open e i M e
Joins and Relates » ] I Open Attribute Table
@ Zoom ToLayer Joins and Relates »
P 2o Make Visibl & Zoom ToLayer
#f Zoom To Raster Resolution L Zoom To Make
Visible Scale Range ~ #F  Zoom To Raster Resolution
Visible Scale Range »
Data » oo T P
Edit Features ¥ Edit Features » [& BporData. -
< SaveAsLayerFile.. | & Save As Layer File... id t Dataset __|
@ Creste Sove A Layer e 9 Create Layer Package... ! Make Perr : Export Data
7 Propert B Properes. Do et o e o

Save this Iaxﬂ as afile (saves the can also choose other settings,
layer definition not the data) such as the extent of data, the
‘ ] spatial reference, and cell size.

43

* Exporting data will only export the currently displayed raster time slice.
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RICCAR

Sl et s -
Gl g s s
o ety e s e

Extract Multiple Time Slices

 Users can automatically extract every time slice in the NetCDF file
* Instructions and tool download is available from the following website:

https://support.esri.com/en/technical-article/000011318

New and Improved Support App! | & App

Experiencs the new and improved Esi Support App avall

I s comarenagrar How To: Export each time slice from a NetCDF layer as a single
- raster (*.Lif)
 on GeoNet

cGlS ldess

rom the N
Tools > Make NetCDF Raster Layer.

all the othar paramaters,

> A )|
[t B
e

e

RICCAR Training Manual on the Use of GIS to Analyse Climate Change Data Section 3.2.2.

www.riccar.org
Www.unescwa.org

8 July 2020

44



RICCAR Webinar Series — Module 2

%
RICCAR

Gl g s s

Extract Multiple Rasters based on Subareas of Interest

» Can use ArcMap Model Builder to automatically extract multiple rasters

for a specified area (shapefile)

 Discussed in RICCAR Training Manual on the Use of GIS to Analyse

Climate Change Data Section 3.2.3.

45

¢ Model Builder will be discussed in Module 3.
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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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