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RICCAR regional climate modelling and
hydrological modelling datasets: An introduction
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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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RICCAR mandate and the Arab/MENA Domain

Understanding climate scenarios and the IPCC ARS
representative concentration pathways (RCPs)

Regional or global: Advantages of regional climate modelling
and hydrological modelling projections and datasets

Climate parameters and climate indices for land-based
models

Key findings from RICCAR regional climate modelling and
hydrological modelling

Linking to the integrated vulnerability assessment

The RICCAR Regional Knowledge Hub
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Arab Ministerial
Declaration on
Climate Change
CAMRE
2007

Arab
Economic and
Social Summit

Resolution on
IWRM Water &
Climate Change

Intergovernmental Mandates calling for & supporting
Climate Change Assessment in the Arab Region

ESCWA
30th Ministerial
Session
Resolution sets up
Arab Centre for
Climate Change

Project Policies
2009 2018

ESCWA
25t Ministerial
Session
Resolutions on
Climate Change,
Rio+20 follow-up
2008, 2012,
2014

Environment Foreign Affa|rs & Water Agriculture
Planning

Arab Ministerial
Water Council
Resolutions
2010, 2011, 2012,
2013, 2014, 2015,
2016, 2017, 2108,
2019

ACSAD Board
of Directors
Resolution
2013, 2018
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RICCAR RICCAR Objective

To assess the impact of climate change on freshwater resources in
the Arab Region through a consultative and integrated regional
initiative that seeks to identify the socio-economic and environmental
vulnerability caused by climate change impacts on water resources
based on regional specificities.

RICCAR aims to provide a common platform for
assessing, addressing and informing response to climate change
iImpacts on freshwater resources in the Arab region by serving as the
basis for dialogue, priority setting and policy formulation on
climate change at the regional level
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REGIONAL KNOWLEDGE HUB

INTEGRATED ASSESSMENT

Climate Change
Impact Assessment

CAPACITY BUILDING &
INSTITUTIONAL STRENGHTHENING

AWARENESS RAISING & INFORMATION DISSEMINATION
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'iis!»fi'! Integrated Assessment
IMPACT VULNERABILITY
ASSESSMENT ASSESSMENT

N

Representative
Concentration ™ GCM = RCM = RHM =) VA =) IM

Pathway (RCP)

THE ARAB REGION j/
GCM: Global Climate Modelling VA: Vulnerability Assessment
RCM: Regional Climate Modelling IM: Integrated Mapping

RHM: Regional Hydrological Modelling
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Moving from Regional Climate Models to
RICCAR Hydrological Models

Regional Hydrological
Model (RHM)

General Circulation
Model GCM)

Different
GCMs

Regional Climate
Model (RCM)

GCM

Calibration

3 50km x 50km
RCP

GCMs at

300 km x 300 km

( Ensemble

Average
used to

Calibration

reduce
uncertainty
at level of

RCMs &

RHMs )
(" Ensembles

compare
findings of
different
RCMs &
RHMs
applied for
same RCP

& Domain /

Calibration

P

Calibration

Extreme Climate Indices

for the
Same RCP
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Radiative fluxes

Vertical level
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Atmosphere

Ocean

» Atmosphere
» Oceans
» Terrestrial

REF: http://stratus.astr.ucl.ac.be/textbook/chapter3_node8.html
http://www.nesl.ucar.edu/LAR/2007/strategic-priorities/sp2/index.php
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Atmosphere

Surface

Precipitation

Pressure

Radiation budget
Temperature

Water vapour

Wind speed and direction

Upper-air
« Earth radiation budget
+ Lightning
« Temperature
+ Water vapor
+ Wind speed and direction

Atmospheric Composition

= Aerosols

+ Carbon dioxide, methane and other
greenhouse gases

+ Clouds

« Ozone

* Precursors for aerosols and ozone

Essential Climate Variables (ECV)
datasets provide the empirical
evidence needed to understand
and predict the evolution of climate

https://gcos.wmo.int/en/essential-climate-variables/table

Essential Climate Variables:

Generated per Grid Box

Cryosphere Sea surface currents
Glaciers Sea surface salinity
Ice sheets and ice shelves Sea surface stress
Permafrost Sea surface temperature
Snow Subsurface currents

-
e

Land Ocean

Hydrosphere Physical
Groundwater Ocean surface heat flux
Lakes Sea ice
River discharge Sea level

Sea state

Subsurface salinity
Subsurface temperature

Biosphere

Above-ground biomass

Biogeochemical

Albedo %
Evaporation from land * Inorganic carbon
Fire « Nitrous oxide
Fraction of absorbed » Nutrients
photosynthetically active radiation * Ocean colour
(EAPAR) » Oxygen
Land cover « Transient tracers
Land surface temperature ] =
Leaf area index Biological/ecosystems
Soil carbon « Marine habitats
Soil moisture + Plankton

Anthroposphere
RICCAR RCMs are land-based models
and do not generate Oceanic Variables

Anthropogenic Greenhouse gas fluxes
Anthropogenic water use
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e ) o Computing Climate Variables:
S Scale Improving Over Time
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Vertical Level:

Relative position of pressure levels, or “hPa
Levels” that define the thickness of grid boxes.
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each gl box

Horizontal Grid: / S m:\l ! echanget '::.‘::
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convecion and up weilng betuween columns
Anusicn and 53

over the course of the Various RICCR Arab/MENA

IPee repors 2007 ARS in 2014 Domain Outputs at
IPCC, 2007; Met Office, 2011 ARG in 2021/2022 50x50 km & 25x25 km

Evolution of horizontal resolution
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(g 2 Then why a Regional Domain?

RICCAR IPCC regional domains (2010)
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From R.K Kolli, WMO
RICCAR EGM #2 (Beirut, 20‘|01)3
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RICCAR IPCC regional domains (2013)
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: Figure AL3: Overview of the SREX, ocean and polar regions used.

SREX: Special Report on Managing the Risks of
Extreme Events and Disasters to Advance
Climate Change Adaptation

IPCC Assessment Report 5 — WGI: Annex |
Draft: 30 September 2013

www.riccar.org
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AL

IPCC regional domains (2014)

Mlasica®lW. Canads [ALAT]
Amaron [AME T]
Camiral

Caniinl Euroge [CEL1Z)

Canads/ Groenland/|celand
+ Cmniral Morth Amedica [CNJ]

Eas! Africa [EAF 16}

Spatial boundaries of the

geographical reference regions used in the
IPCC 5th Assessment Report (AR5) (2014)

http://www.ipcc-data.org/guidelines/pages/ar5_regions.html
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Initial CORDEX Domains

Coordinated Regional Climate Downscaling Experiment

F. Giorgi, C. Jones and G. Asrar (2009)

Antarctic”™

180" 210° 240" 270° 300" 330" 0° 30° 60" 907 120° 1507 180°
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* Preliminary RCM Ensemble Meeting convened by SMHI (Brussels, 2013)

* First CORDEX MENA-CA Meeting (Nicosia, Nov 2014)

* Organized by CORDEX (WMO via World Climate Research Programme)
with SMHI & hosted by The Cyprus Institute.

Consulted Institutions:

» King Abdulaziz University (KAU) — (Saudi Arabia)

» King Abdullah University of Science and Technology (KAUST) — (Saudi Arabia)

 Istanbul Technical University (Turkey)

+ SMHI

+ ACSAD

* Maroc Meteo

» Cyprus Institute

» Bogazici University (Turkey)
« Cairo University (Egypt)
» Jet Propulsion Laboratory (USA)

* Max Plank Institute for Chemistry (Germany) . ESCWA
» ltalian Aerospace Research Center (CIRA) « WMO
* Qatar Meteorology Department (Qatar) + UNESCO/Cairo Office
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Average
1.8C
Temp

increase
Scenario

Climate Scenarios

Special Report on Emission Scenarios (SRES) used in IPCC AR4 (2007)

Average

3.4C
Temp
increase

Scenario

Exploitative

*Rapid introduction of new and
more efficient technologies.

-
é}sﬁzed Demography D"’%
Technqglogy

*Rapid economic growth,
*Global population peaks in mid-
century

-More Rapid introduction of new /
more efficient technologies.

“intermediate economic growth,
sintermediate population growth,
Local technological solutions

[e)UBWIUOIIAUT

(B2

Source: ESCWA, 2009
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Representative Concentration Pathways (RCPs)

RICCAR

Scenarios used in IPCC AR5 (2014)
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MENA/Arab Domain

RICCAR

ol RCM Simulations for RICCAR Ensembles
SMHI
RCM gg:?g Evaluation Historical RCP 2.6 | RCP 4.5 | | RCP 8.5' RESOLUTION
Reanalysis 1979-2010 2006-2100 [ 2006-2100 | [ 20062100 | (km)
RCA4 ERA-INTERIM X 50
RCA4 EC-Earth X X X X 50
RCA4 EC-Earth X X 25
RCA4 CNRM-CM5 X X X 50
RCA4 GFDL-ESM2ZM X X X 50
RCA4 GFDL-ESM2M X X 25
HIRAM GFDL-ESM2ZM X 25
REMO MPI-ESM-LR X 50
RCA4: SMHI Rossby Centre regional atmospheric model HIRAM: High Resolution Atmospheric Model; REMO: RCM Climate Service Center (Germany)
RICCAR Main Report (2017) findings for MENA/Arab Domain presented Ensembles for
RCP 4.5 & RCP 8.5 for the Historical Period; Mid-Century; End-Century,
but data can be customized for daily/monthly/yearly time periods for smaller areas
23
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Bogazici University

(o1 H\" (o] CLM Community — Centro
EuroMediterraneo sui
Cambiamenti Climatici (CMCC)
GERICS Climate Service Center

Cyl The Cyprus Institute”
*Hosts MENA-CORDEX B lsoen
Direction de la Météorologie
Nationale

International Centre for
Biosaline Agriculture

Swedish Meteorological and
Hydrological Institute —

Rossby Centre

Istanbul, Turkey

Caputa, Italy

Hamburg, Germany

Nicosia, Cyprus

Casablanca,
Morocco

Dubai, United Arab
Republic
Norrképing, Sweden

ESGS: Earth System Grid Federation is an international collaboration consisting
of federated data centres with data nodes with harmonized metadata & in NetCDF.,,

il Accessibility to MENA-CORDEX Simulations

Unrestricted
Available on ESGS
Restricted

Restricted

Restricted
Non-commercial use only

Restricted
Restricted

Unrestricted

Available on ESGS
Bias-corrected data
available on RICCAR
RKH in NetCDF & GIS
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a2 @ Time scale:
Change in Mean Temperature Ensemble Output

RICCAR

I C 1T T =
6 12 18 24 30 36 1 2 3 4 5 1 4 5

Temperature (°C)

2046-2065

Temperature (°C)
25
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Temperature Ensembles through a

Seasonal Lens

Temperature anomalies wrt 1986-2005 | MENA {Land) | 30-yr. mov. mean | Winter
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F o Sl Precipitation trends are largely decreasing across the region
4 until the end of the century, though limited areas expected to

==l exhibit an increase in the intensity & volume of precipitation
RCP 45
ma/mosth 1986-2005 2046-2065

From RICCAR RCM ensemble outputs

27
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RICCAR Extreme Climate Indices
Index Full name Index Full name
SuU Number of summer days < CDD Maximum length of dry spell
SU35 Number of hot days CWD Maximum length of wet spell
( SU40 ) Number of very hot days R10 ng:al count of 10 mm precipitation
TR Number of tropical nights R20 ﬁan;:al count of 20 mm precipitation
SDII Simple precipitation intensity index
28
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a2 .
eeran Maximum length of dry spell (CDD)
RCP 4.5
2046-2065 2081-2100 Number of days/year
- Ay .
4
cd = 9
-4
-8
Number of days/year 1986-2005 2081-2100 Number of days/year
160 r - ,;.}-?g.?(“ Mg T :
p Sessr R
0 o %
From RICCAR RCM ensemble outputs
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RICCAR
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Hydrological Modelling
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HYPE MODEL

VIC MODEL

1986-2005 2046-2065 2081-2100

Comparison—between 2 hydrological models based on SMHI modelling outputs:
Hydrological Predictions for the Environment (HYPE) and Variable Infiltration Capacity (VIC) 31
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HYPE MODEL
1986-2005

VIC MODEL

Mean change in annual runoff

2046-2065 2081-2100

- 3I%E

32
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RCP 4.5

VIC MODEL

Mean change in annual
evapotranspiration

2 Hydro Models; 2 RCPs

HYPE MODEL

1986-2005

2§ SR

2046-2065 2081-2100

- 3 36N 130
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HYPE MODEL

VIC MODEL

1986-2005

Mean change in annual
evapotranspiration

2046-2065 2081-2100

— i3
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Locations of subdomains for
hydrological analysis
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Mean change in runoff &

evapotranspiration

Moroccan Highlands (MH)

HYPE MODEL

RUNOFF EVAPOTRANSPIRATION

HYPE MODEL

2020 2030

VIC MODEL

2040 2050 2060 2070 IﬁBD 2000 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Year Year

VIC MODEL

2020 2030

30
2040 2050 2060 2070 2080 2090 2100 2020 2030 2040 2050 2060 2070 2080 2090 2100
Year Year

— RCP4.5
— RCP8.5
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EUPHAATES RIVER: UPPER EUPHRATES

FISURE 148

RCF .5 projections

Climate Impacts on Transboundary Water Resources: Euphrates River

ACF 4.5 and ACF 8.5 piojections using HYPE model

Upper Euphrates River
(1986-2005) : (2081-2100)

RCP45 | RCP8.5

Temp. 23°C 4.8°C

- RN

Precip. 3% 0%

2030 2040 2050 2060 2070 2080 2090 2100
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Upper Tigris River:
Seasonal

Temperature
(RCM output)

Upper Tigris River:

Extreme Climate
Indicators:

Consecutive Dry Days

Consecutive Wet Days
(RCM output)

FIGURE 111

Mean change in seasonal temperature (April-September) over time for

ensemble of three RCP 4.5 and RCP 8.5 projections

Climate Impacts on Transboundary Water Resources: Upper Tigris

FIGURE 112
Mean change in seasonal temperature (October-March) over time for
ensemble of three RCP 4.5 and RCP .5 projections

tL ] /'//I". ELE |
ﬁ 1

T3 104

- e o

104 104

. o

% "0 2000 040 2070 e 195 1980 2000 B 20 ne
Yeur Teu
FIGURE 123 FIGURE 124

Mean change in COD over time for ensemble of three RCP 4.5 and

RCP 8.5 projections

Mean change in CWD over time for ensemble of three RCP 4.5 and
RCP 8.5 projections
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Climate Impacts on Transboundary Water Resources: Jordan River

Jordan River Basin Projections for T, P, Runoff, Discharge for a
three-member ensemble of RCP 4.5 projections and
three-member ensemble of RCP 8.5 projections using
Hype Model and VIC Model (which cannot be combined into a larger ensemble)

TEMPERATURE
6.0 RUNOFF DISCHARGE

| BRI

40

‘1.0
20
1950 1580 2010 2040 2070

Wear
PRECIPITATION

vic

-
A
.,?._!%
-
tb8.u88E

020 2030 2040 2050 2060 2070 2080 2080 20

12 foar
1950 1980 2010 2040 2070 2100

Year
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. Integrated Assessment
IMPACT VULNERABILITY
ASSESSMENT ASSESSMENT

Representative

Concentration ™ GCM = RCM =p RHM =p VA =p IM

Pathway (RCP) THE ARAB REGION Y,

GCM: Global Climate Modelling VA: Vulnerability Assessment

RCM: Regional Climate Modelling IM: Integrated Mapping

RHM: Regional Hydrological Modelling

41
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Vulnerability Assessment

EXPOSURE SENSITIVITY

POTENTIAL IMPACT ADAPTIVE CAPACITY

VULNERABILITY

Source: Based on IPCC, 2007
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EXPOSURE (0.50)

RCM
« Change in temperature (0.17)
« Change in precipitation (0.17)

EXTREME EVENTS INDICES

« Change in maximum length of dry
spell (0.16)

« Change in maximum length of wet

<pell(0.16)
RHM

« Changein runoff (0.17)
« Change in evapatranspiration (0.17) 6

POTENTIAL IMPACT
(0.50)

Exposure
indicators

ADAPTIVE CAPACITY (0.50)

« Tertiary enroliment {0.32)
« Adult literacy rate (0.35)

‘ « E-Govemement development (0.33)
TECHNOLOBY (0.10)

VULNERABILITY
ASSESSMENT

SENSITIVITY (0.50)

POPULATION (0.50)

= Population density (0.14)

« Total renewable water available
per capita (0.50)

= Water consumption per capita (0.13)

= Share of water consumpiion in
agriculture (0.13)

« Refugee population (0.10)

MANMADE (0.24)
« Urban extent (0.47)
« Aveas served by dams (0.53)

INFRASTRUCTURE (0.50)

WATER & SANITATION (0.50)

+ Areas served by dams (0.17)

+Installed desalination capacity per
capita (0.17)

+ Fossil groundwater (0.17)

+ Access to improved water (0.17)

+ Access fo improved sanitation (0.16)

+ Area equipped for imigation (0.16)

ENVIRONMENT (0.50)

« Environment performance
index (1.0)

Impact chain of water availability sector

NATURAL (0.26)

« Land use/land cover (0.27)

« Soil storage capacity (0.25)

« Degradation of vegetation cover (0.26)

« Wetlands (0.22)

ECONOMIC RESOURCES (0.11)

EQUITY (0.09)
« Female-to-male literacy ratio (0.51)
« Migrants/refugees index (0.49)

10

Sensitivity
indicators

20 Adaptive

Capacity
indicators
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Preparation of a Vulnerability Index:
» Per Sector

Contains all indicators identified to
assess a given sectors

Attribution of weights for each
indicator dependent on impact
chains and expert judgment

As sector level, aggregated by
component: Exposure, Sensitivity,
Adaptive Capacity

» Overall Vulnerability

Aggregates vulnerability of each
sector to generate an Overall VA

Supports identification of VA
Hotspots

Overall Vulnerability

Slide graphics: adelphi
Source of maps: ACSAD, SMHI
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Vulnerability Assessment

SECTORS SUBSECTORS

Water Water availability

Biodiversity Area covered by forests
and Ecosystems  Area covered by wetlands

AA
-5@ Agriculture Water available for crops
—

Water available for livestock

Infrastructure
ENE and Human Inland flooding area
TESZ 0 Settlements

9 Water available for drinking
.‘{.\Q People Health conditions due to heat stress
- Employment rate for the agricultural sector
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Water Availability

WATER: WATER AVAILABILITY
VULNERABILITY:  REFERENCE PERIOD

Reference Period
(1986-2005)

Legend
1 Lakes /\/ Rivers *  Major cities
M Resevoirs . Intermittent [ Area not relevant
ivers to subsector

Low Vulnerability

e ) 2

4
RICCAR

g ke b A
High o o o m e o 1.
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WATER: WATER AVAILABILITY

Water Availability

Mid-Century RCP 4.5

'VULNERABILITY:  RCP4.5 MID-CENTURY (2046-2065) w
Legend 7
Shiw Tuke L R s sessssmm | RICCAR
M Reservoirs . intermittent [ Area not relevant Low Vulnerabillty igh o e e 4
rivers 1o subsector

wWww.riccar.org
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Water Availability

WATER: WATER AVAILABILITY

VULNERABILITY:  RCP4.5 END-CENTURY (2081-2100) ”

Legend 7
Wik s O DA s sesssmmn | RICCAR
Wiesnois 7 wemiten W Aeaselewrt Lo Verity Hgh erabty | SRSt
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WATER:  WATER AVAILABILITY

Water Availability

End-Century RCP 8.5

VULNERABILITY:  RCP8.5 END-CENTURY (2081-2100) M

Legend ’
Sk DU = e s sesssmmm | RICCAR
W Reservoirs ::::*M m :-mtrdnﬂ Low Vulnerabilty High e .
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Vulnerability Assessment

EXPOSURE SENSITIVITY

POTENTIAL IMPACT ADAPTIVE CAPACITY

VULNERABILITY

Source: Based on IPCC, 2007
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WATER: WATER AVAILABILITY

IMPACT:  RCPE

(20812100

Legend
9 Lakes n, fwrs

W Ressrvors . Intesmitient
tivers

* Major cities
B e pot relevant
1o subsectar

L
A

]

Water Availability: Potential Impact

| End-Century RCP 8.5 |

Areas with highest
potential impact:

¢ Asir Mountains,
e Green Mountains

» Eastern Jafara
Plain Basin.

Areas with lowest
potential impact

e Southern Horn of

Africa
9% | - Central Tigris-
RICCAR Euphrates Basin
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WATER: WATER AVAILABILITY

ADAPTIVE CAPACITY

Legend
W Laies M\, Rivess * Majo cities
W Reservoirs. Y intermittent

B Area not relevant
tivers 0 subsecton

Liw Adagtive Capscity

g ) 3
RICCAR

Water Availability: Adaptive Capacity

Demonstrates the
socio-economic
dimensions
affecting the
ability to respond
to climate change
impacts

Least Developing
Countries have
least Adaptive

Capacity
(supports SDG13 call for
targeted support for LDCs)

* Scale is based on
comparison across
21 Arab States

abe

i

53
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—Netcdf (daily data, ensembles)
—Raster actual/ classified

—Map actual/classified
—Factsheet

—Excel file 1

—Raster actual/ classified
—Map actual/classified
—Factsheet

—Excel file

EXPOSURE

.

SENSITIVITY

ADAPTIVE CAPACITY

File formats for each indicator

6 different
file formats
for each
indicator

—Raster actual/
classified

—Map
actual/classified

—Factsheet

—Excel file

—P
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Lebanese Agricultural Sector

Vulnerabilit

Assessment
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.;.cm Regional Knowledge Hub

KNOWLEDGE NODES  PARTNER!

RICCAR

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

www.riccar.org
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RICCAR Publication Series

[

Main Report and Executive Summary Technical Annex Booklets

Technical Reports

Technical Notes
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Regional Knowledge Nodes

=g || o

mecan | 15 —— Adaptation Node:

* Resources and analysis that draw
upon RICCAR findings to inform
other climate change work related to
Arab States.

* Includes Case Studies and Training
Materials
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4 Framing YOUR Assessment

e gt e - e e

When drawing upon a Regional Climate Modelling, Hydrological Modelling or
Vulnerability Assessments, consider:

1) Do you need projected Outputs or Inputs for use in other models?
2) What Scale of Analysis is relevant for your needs?

3) Which Essential Climate Variables can inform your analysis?

4) Which Extreme Climate Indices could strengthen your analysis?
5) What Domain to use or draw upon for regional climate modelling?
6) Which climate Scenario is relevant to your purpose?

7) When to use an Ensemble of projections for quantifying the range of
uncertainty?

8) What Time Period(s) do you aim to cover in your analysis?

We look forward to helping you to pursue your own climate change analysis!
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