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

Arab
Permanent
Committee for
Meteorology
Resolutions

Arab
Arab Ministerial Economic and

Declaration on Social Summit
Climate Change Resolution on

CAMRE Climate Change

| 2012, 2013
2007 | |
& Watgogrmect 2014, 2015,

ESCWA Arab 2016

Ministerial Ministerial
Session Water Council

Resolutions on Resolutions
Climate Change 2010, 2011,
2008, 2012, 2012, 2013,
2014, 2016, 2014, 2015,
2018 2016, 2017

- Foreign Affairs & Planning Meteorology Agriculture

ACSAD Board
of Directors
Resolution
2013




i RICCAR

jional Initiative for the Assessment of

Objective: To assess the impact of climate change on freshwater
resources in the Arab Region through a consultative regional
Initiative that scientifically identifies the socio-economic and

environmental vulnerability caused by climate change impacts on

water resources based on regional specificities.

Purpose: To provide a common platform for assessing, addressing
and informing response to climate change impacts 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.

@ Adaptation Q Negotiations
3



Bm:\n{:x-nm\l:“ﬂmhimynﬂ-mh n-gun

RI CCAR

RICCAR Partnerships

ngg mmﬁxu Assessment of
muqe Water Resources ar

U

LANTTELD

"II-‘-T* ui environment WFIG
ESCWA LAS

SMHI I oo (B

i o @ UNDRR
H == Svenge N’”'ﬂlwuw UM i for Dimante fiak Mmdussion

Bermean
[ = eration Fl
H"P i B L1 g I I SR e —
SWEDISH INTERMATIONAL DEVELOPMENT CORDEX/MENA Domain housed at
COOPERATION AGENCY ACCWE M The Cyprus Instifute



g

i
RICCAR

Regional Inftiative for the Assessment of
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Pillars of Work

REGIONAL KNOWLEDGE HUB

~

INTEGRATED ASSESSMENT

Climate Change
Impact Assessment

CAPACITY BUILDING &
INSTITUTIONAL STRENGHTHENING

AWARENESS RAISING & INFORMATION DISSEMINATION



RICCAR

io-Economic Vulnerability in the Arab Region

Integrated Assessment

IMPACT VULNERABILITY
ASSESSMENT ASSESSMENT

Representative

Concentration ™ -

Pathway (RCP) ION
GCM: Global Climate Modelling VA: Vulnerability Assessment
RCM: Regional Climate Modelling IM: Integrated Mapping

RHM: Regional Hydrological Modeling



Climate Change Impact Assessment: Components to Consider

When examining Regional Climate Modelling and Hydrological modelling outputs, consider:

1) What scale of outputs do you need?

2) Which Essential Climate Variables are you interested in?

3) What Domain to use or draw upon for regional climate modelling?
4) Which Climate Scenario is of interest to your work?

5) Can you allocate the time needed to consider an Ensemble of projections for quantifying the
range of uncertainty?

6) What Time Intervals do you need? Daily; Monthly; 10-year; 20-year; mid-century; end-century

And ultimately, do you need ready-made outputs (projections) or inputs (dataset) for use in other models?



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

Radiative: Mluxes

Aerosols, Carbon, H,0, Organics and Nitrogen

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



Computing Climate Variables:
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RICCAR Scale Improving Over Time

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

Atmosphere
= Precipitation .
= Pressure .
=« Radiation budget .

= Temperature

2- Essential Climate Variables: Generated per Grid Box

Land

Hydrosphere

Ocean

Groundwater * Ocean surface heat flux
Lakes « Seaice
River discharge + Sealevel

Sea state

« Water Vapour Cryosphere « Seasurface currents RICCAR RCMs are
* Wind speed and direction . Glaciers » Sea surface salinity land-based models
« |ce sheets and ice shelves « Seasurface stress and do not generate

« Permafrost * Sea surface temperature Oceanic Variables

» Earth radiation budget *»  Snow * Subsurface currents

» Lightning * Subsurface salinity

* Water vapor + Above-ground biomass . ]

* Wind speed and direction « Albedo Biogeochemical

. " - Evaporation from land * Inorganic carbon
Atmospheric Composition «  Fire * Nitrous oxide

+ Aerosols .

+ Carbon dioxide, methane and other
greenhouse gases

+ Clouds .

+ Dzone .

+ Precursors for aerosols and ozone .

Essential Climate Variables (ECV) datasets

provide the empirical evidence needed to .

understand and predict the evolution of climate

Fraction of absorbed = Nutrients

photosynthetically active radiation * Ocean colour

(FAPAR) * Oxygen
Land cover * Transient tracers

Land surface temperature i )
Biological/ecosystems

Leaf area index
Soil carbon « Marine habitats

Soil moisture * Plankton

Anthroposphere

Anthropogenic Greenhouse gas fluxes
Anthropogenic water use

https://gcos.wmo.int/en/essential-climate-variables/table 10



https://gcos.wmo.int/en/essential-climate-variables/table
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RICCAR 3-Domain: IPCC Regional Domains (2010)

From R.K Kolli, WMO

RICCAR EGM #2 (Beirut, 2010) ”



- IPCC Regional Domains (2013)

Regicnal Initiative for the Assessment of
c\hmequein cts on Water Resources and
Socio-Ecanomic Vulnerability in the Arab Region

L.‘.‘"--— - - - "’""rr' L

0.60-63

- -

> Figure AL3: Overview of the SREX, ocean and polar regions used.

SREX: Special Report on Managing the Risks of Extreme Events IPCC Assessment Report 5 — WGI: Annex |
and Disasters to Advance Climate Change Adaptation Draft: 30 September 2013
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By,

RICCAR CORDEX-MENA Working Group

Socio-Ecanomic Vulnerability in the Arab Region

* Preliminary RCM Ensemble Meeting (Brussels, 2013)
e First CORDEX MENA-CA Meeting (Nicosia, November 2014)
* Organized by CORDEX (WMO) with SMHI & Hosted by The Cyprus Institute.

Attending or Interested Centers:

* King Abdulaziz University (KAU) - KSA
» King Abdullah University of Science and Technology (KAUST) - KSA

* Istanbul Technical University (Turkey)

« SMHI

« ACSAD

 Maroc Meteo

* The Cyprus Institute
* Max Plank Institute for Chemistry (Germany) e WMO

» Italian Aerospace Research Center (CIRA) « ESCWA

* Qatar Meteorology Department

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

CORDEX is the Coordinated Regional Climate Downscaling Experiment of the World Climate Research Program




iy 4 MENA Domain

Regional Inftiative for the Assessment of
Resources an

Socio-Ecanomic Vulnerability in the Arab Region

CORDEX-MENAJ/Arab Domain | 0.44° (50 km)

— Active Domain Full Domain (SMHI-RCA4)
-30 -15 0 15 30 45 80 75 90

0 L1 100 200 500 750 1000 1500 2000 2500 3000 4000 5000 6000 15
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RICCAR
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IPCC Regional Domains (2014)

CAM © Carvienl Amenca Meslcn JGAM:E| ﬁiﬂﬂ!mﬂﬂnmm . .
2w it L e L T Spatial boundaries of the
CEL ; Cantial Eurngss [CELE12] TIE - Tibstan Plateas [TIE27] . . .
%Wﬁm E:F?ﬁhﬂmﬂ geographical regions used in the
I | : West North ]
Sl o et | (2014) |
g wmﬂﬂ “EF; w ;ﬂm http://www.ipcc-data.org/guidelines/pages/ar5_regions.html
SAF - Sowhom Afca [SAF:1T] 16




a8<all 4- Climate Scenarios
En.'..ﬁgﬁﬂm Special Report on Emission Scenarios (SRES) - SRES used in IPCC AR4 (2007)

Socio-Ecanomic Vulnerability in the Arab Region

Average
3.4C
Temp

Increase

Scenario

Exploitative

*Rapid introduction of new and
more efficient technologies.

Globalized Divided

o
(x)
-

*Rapid economic growth,

*Global population peaks in mid-
century

*More Rapid introduction of new /
more efficient technologies.

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

Average
1.8C

Temp
Increase
Scenario

ejuawuolIAug

<

Source: ESCWA, 2009




Representative Concentration Pathways (RCPs)

Scenarios used in IPCC AR5

History 'RCPs ECPs
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Graph adapted from: Meinshausen et al.,2010 18
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Ml 5- Regional Climate Modeling as Core Component

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

N Different I\G;'c'lzzat';g:;“'ati°“ Regional Hydrological >
U GCMSs Regional Climate Model (RHM) U
GCM Model (RCM)
&-) 1 S:_a_libration D:
— =
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O —
e} GCMs at n
G) 300 km x 300 km S
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& RICCAR RCM Simulations Generated by SMHI

Regicnal Initiative for the Assessment of
Resources an

Socio-Ecanomic Vulnerability in the Arab Region

RCM Ensemble Matrix

Driving

RCM GCM/ Evaluation Historical RCP 2.6 RCP 4.5 RCP 8.5 RESOLUTION
Reanalysis 1979-2010 1950-2005 2006-2100 2006-2100 2006-2100 (km)
RCA4 ERA-INTERIM X 20
RCA4 EC-Earth X X X X 50
RCA4 EC-Earth X X 25
RCA4 CNRM-CM5 X X X 50
RCA4 GFDL-ESM2M X X X 50
RCA4 GFDL-ESM2M X X 25
HIRAM GFDL-ESM2M X 25
REMO MPI-ESM-LR X 50

For RICCAR Report (2017), MENA/Arab Domain presented for
Reference period; Mid-Century; End-Century,
but data is available for customized domains & for daily/monthly/customized time periods via

RICCAR Regional Knowlege Hub
20
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T GEl untiltheendofthe century.

Regicnal Initiative for the Assessment of
Resources an

Temperature in the region is increasing and is expected to continue to increase

Socio-Ecanomic Vulnerability in the Arab Region

RCP 4.5
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RICCA

Regional Inftiative for the Assessment of
Resources an
Socio-Ecanomic Vulnerability in the Arab Region

Temperature Ensembles through a Seasonal Lens

Temperature anomalies wrt 1986-2005 | MENA (Land) | 30-yr. mov. mean |
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Precipitation trends are largely decreasing across the region until the end of the century,
though limited areas expected to exhibit an increase in the intensity & volume of precipitation.

2046-2065

1986-2005 2046-2065 2081-2100

From RICCAR RCM ensemble outputs 24



Extreme events indices

Extreme temperature indices

Extreme precipitation 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
7
Su40 ) Number of very hot days R10 AnnL_Ja_I cc_)unt of 10 mm
precipitation days
TR Number of tropical nights R20 AnnL_Ja_I cc_)unt of 20 mm
precipitation days
SDII Simple precipitation intensity

index

25
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ICCAR Maximum length of dry spell (CDD)

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

RCP 4.5

MHumber of days/year

L=

Number of days/year 2046-2065 2081-2100

200
160
120
80
40

da-ﬁ-mhm

RCP 8.5

Number of days/year 1986-2005 2046-2065 2081-2100 Number of days/year

200
160
120
80
40

&#Ehm

26
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W@l Regional Climate Modeling to Hydrological Modeling

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

General Circulation : :
i Regional Hydrological
Model GCM
Different o ) Regional Climate Model (RHM)
GCMs GCM _ Model (RCM)

Calibration

300 km x 300 km

Ensembles
used to
reduce

uncertainty

at level of
RCMs &
RHMs

J

/" Ensembles
aggregate
findings of
different
RCMs &
RHMs
applied for

Same RCP same RCP
& Domain /

27
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ICCAR Mean change in Annual Runoff

|RCP 4.5
2 Models; 2 RCPs
HYPE MODEL

1986-2005 2046-2065 2081-2100

and
Socio-Ecanomic Vulnerability in the Arab Region
SRR oy SR O < -3
4 v o _
2. S — F - . -
A - § - -

VIC MODEL

Comparison between 2 hydrological models based on SMHI modeling outputs:
Hydrological Predictions for the Environment (HYPE) and Variable Infiltration Capacity (VIC) 28



Mean change in Annual Runoff

RICCAR

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

2 Models; 2 RCPs

HYPE MODEL
1986-2005 2046-2065 2081-2100

- L R 2 1y

VIC MODEL

29



'.3'5. Mean change in Annual Evapotranspiration

1986 2005 2046-2065 2081-2100

- I0% S

VIC MODEL

30



Mean change in Annual Evapotranspiration

HYPE MODEL
1986-2005 2046-2065 2081-2100

~ 3 3EE

VIC MODEL

31



S 2 Locations of subdomains identified for

RICCAR

=i hvdrological anal

Regicnal Initiative for the Assessment of
Climate Change Impacts on Water Resources:

b2 4
"(I ¥ ) M
S
-
-‘:.,!‘:t f
N

-

. I
7
L

Most detalls in
the RICCAR
Main Report's
Technical Annex
and RKH

Identifier Subdomain Name
EH Eﬂiinﬂ:_m Highlands
(Blue Nile Headwaters)
Upper Tigris (Tigris River Headwaters)
fU Upper Euphrgtes
(Euphrates River Headwaters)
MR Medjerda River
JR Jordan River
SR Senegal River Headwaters

32



RICCAR

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

EUPHRATES RIVER: UPPER EUPHRATES

FIGURE 140
Mean change in annual temperature over time for ensemble of three RCP 4.5 and
RCP 8.5 projections
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FIGURE 160
Mean change in annual discharge over time for ensemble of three RCP 4.5 and RCP 8.5 projections using HYPE model
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Year

HYPE: Change in Local Runoff [%]
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2060

EIJIZB Iﬂr!ﬂ 2040 2050 EUITEI EEIIHIJ' 2100

Climate Impacts on Transboundary Water Resources: Euphrates River

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

RCP4.5 | RCP8.5

o

Temp. 2.3°C 4.8°C

Precip. 3% 0%

P
<

33



..

e
RICCAR

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

Upper Tigris River:
Seasonal Temperature

(RCM output)

Upper Tigris River:

Extreme Climate Indicators: *

FIGURE 111
Mean change in seasonal temperature (April-September) over time for
ensemble of three RCP 4.5 and RCP 8.5 projections

Consecutive Dry Days

Consecutive Wet Days
(RCM output)
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FIGURE 123
Mean change in CDD over time for ensemble of three RCP 4.5 and
RCP 8.5 projections
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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 8.5 projections
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FIGURE 124
Mean change in CWD over time for ensemble of three RCP 4.5 and
RCP 8.5 projections
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Regional Inftiative for the Assessment of
Climate Change Impacts on Water Resources and
Socio-Ecanomic Vulnerability in the Arab Region

Upper Tigris River:
Monthly precipitation
(mm/day) for
mid-century and
end-century

(RHM output)

Upper Tigris River:
Runoff
(RHM output)

Climate Impacts on Transboundary Water Resources: Upper Tigris

FIGURE 118 FIGURE 119
Mean change in monthly precipitation for mid-century for ensemble of Mean change in monthly precipitation for end-century for ensemble of
three RCP 4.5 and RCP 8.5 projections compared to the reference period three RCP 4.5 and RCP 8.5 projections compared to the reference period
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FIGURE 127
Mean change in annual runoff over time for ensemble of three RCP 4.5 and RCP 8.5 projections using two hydrological models
HYPE MODEL VIC MODEL
20 J— 20 - RS
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Year Year
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Climate Impacts on Transboundary Water Resources: Jordan River

RICCAR

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

TR0

mmy manin

for a three-member ensemble of RCP 4.5 projections and three-member ensemble of RCP 8.5 projections for the Jordan River
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RICCAR Vulnerability Assessment Components

EXPOSURE (0.50) SENSITIVITY (0.50)

POTENTIAL IMPACTS (0.50) ADAPTIVE CAPACITY (0.50)

VULNERABILITY

RICCAR, based on IPCC AR4, 2007 38
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RICCAR Overall Vulnerability

Regional Inftiative for the Assessment of
Resources an

Socio-Ecanomic Vulnerability in the Arab Region

Preparation of a Vulnerability Index:

» Per Sector

o0 Contains all indicators identified to assess a
given sectors

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

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

» Overall Vulnerability

0 Aggregates vulnerability of each sector to
generate an Overall VA

0 Supports identification of VA Hotspots

Slide graphics: adelphi
Source of maps: ACSAD, SMHI



Vulnerability Assessment

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

SECTORS SUBSECTORS

L X e
Water Water availability
AA
ﬂ:é Biodiversity Area covered by forests Vuinerabilly Assessment Methodology
' and Ecosystems  Area covered by wetlands
Agriculture Water available for crops
> Water available for livestock
p—

Infrastructure
EHE and Human Inland flooding area
SSESE Settlements

% Water available for drinking
!@Q People Health conditions due to heat stress

Employment rate for the agricultural sector
40
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RICCAR

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

EXPOSURE (0.50)

= Change in temperature (0.17)
= Change in precipitation (0.17)

= Change in runoff (0.17)
= Change in evapotranspiration (0.17)

Water Availability

EXTREME EVENTS INDICES

» Change in maximum length of dry
spel (0.16)

= Change in maximum length of wet
spell (0.16)

6

Exposure
indicators

ADAPTIVE CAPACITY (0.50)

POTENTIAL IMPACT

{0.50)

VULNERABILITY

ASSESSMENT

KNOWLEDGE & AWAREMESS (0.10)
= E-Governement development (0.33)
« Tertiary enroliment (0.32)

« Adult iteracy rate (0.35)

TECHNOLOGY (0.10)
= Number of scienific and technical
e journal articles (0.46)
= Information and communication
technologies index (0.54)

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 consumption in
agriculture (0.13)

» Refugee population (0.10)

MANMADE (0.24)
= Urban extent (0.47)
= Areas served by dams (0.53)

INFRASTRUCTURE (0.50)

WATER & SANITATION {0.50)

= Areas served by dams (0.17)

= [nstalled desalination capacity per
capita (0.17)

= Fossil groundwater (0.17)

= Access to improved water (0.17)

= Access to improved sanitation (0.16)

« Area equipped for imigation (0.16)

= Environment performance
index (1.0}

Vulnerability Assessment Impact Chain

MATURAL (0.26)
« Land use/land cover (0.27)
= Soil storage capacity (0.25)

« Degradation of vegetation cover (0.26)

« Wetlands (0.22)

10

Sensitivity
indicators

ECONOMIC RESOURCES (0.11)

= GDP per capita (0.36)

=+ ODA (0.30)

« Food imports as % of merchandise
exports (0.34)

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

20 Adaptive

Capacity
indicators

41



Regional Initiative for the Assessment of

:. g WATER AVAILABILITY VULNERABILITY Reference Period
(1986-2005)
RICCAR = _

WATER: WATER AVAILABILITY
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WATER AVAILABILITY VULNERABILITY Mid-Century RCP 4.5

WATER: WATER AVAILABILITY
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WATER AVAILABILITY VULNERABILITY End-Century RCP 4.5
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FIGURE 7: Change In

Lebanese Agricultural Sector Vulnerability Assessment

o enid-cerrtury for fa) RCP4.5 and (b RCPRS [0.117 grid resolistion) FIGHRE 21: Vislnerstillty  eick-cenlury bor is) RCPA.5 sod (] ACPRS. FIGIRE 24: Vunersbiity hotspots bor end-century RCPES
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RICCAR used to inform other publications

Climate Change Adaptation Manual:

Five sector modules drawing on RICCAR outputs were developed by
ESCWA in close cooperation with the following leading organizations:

Environment module with UNEP/ROWA;

it
£ |
4

1. —
2. Agriculture mod u.Ie with ACSAD and GIZ; {,J tﬁ thotl)
3. Health module with WHO; S

4. Human settlements (on water supply/sanitation) with ACWUA,;

5. Economic Development module by ESCWA

A joint introductory chapter by ESCWA render the 5 modules a manual.

Five workshops were held with stakeholders from each sector to
finalize the modules.
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mﬁ\ Climate Change and Disaster Risk
ESCWA Reduction in the Arab Region
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www.riccar.org
www.unescwa.org/our-work/climate-change
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