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What sources of water are available for
supplying water demands?
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Internal and External Renewable Water Resources

= Renewable water resources (internal and external) include:

= Average annual flow of rivers and recharge of aquifers generated from precipitation (internal),
and

= Water resources that are not generated in the country, such as inflows from upstream countries
(groundwater and surface water), and part of the water of border lakes and/or rivers (external).

= Climate controls the availability of renewable freshwater resources and the
seasonality of available water resources.

= Change in climate —> Change in renewable water resources




= The world's total renewable
water resources was estimated
at 54,730 billion cubic meters
per year in 2020.

= Brazil, Russia, Canada,
Indonesia, China, Colombia,
USA, India and Peru are the
countries with the highest total
renewable water.

= Brazil is the top country by
renewable water resources 1n
the world. As of 2020,
renewable water resources in
Brazil was 5,661 billion cubic
meters per year that accounts

for 10.34% of the world's
renewable water resources.

= Russia is estimated to have the
second-largest water resources

worldwide, with 4,313 billion
cubic meters.
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49% of total global renewable water resources
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The total external renewable water resources (ERWR) in comparison to the total internal renewable
water resources (IRWR) in BCM/year. (FAO, 2018)
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Total Renewable water resources (billion cubic meters)

IRAN ranked 61/170
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Total renewable water resources 9 o o _
> 8,000 cu km S . . -
> 4,000 cu km - '
> 2,000 cu km
> 1,000 cu km

B > 500 cu km

M > 250 cu km

Bl > 100 cu km

B < 100 cu km

» The Middle East and North Africa is the most water-scarce region of the world.
= Home to 6.3 percent of the world's population, the region contains only 1.4 percent of the world's renewable fresh water.




°[ran's per capita renewable water is currently around 1296
cubic meters per year, which is considered a relatively low
amount. (Rank 156/266 based on World Bank Data)

* However, it is higher than most countries in the Middle
East and North Africa region, such as Saudi Arabia, UAE,
Qatar and Kuwait, which have very limited water
resources.



Per Capita Renewable Water Resources (m3)
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Per Capita Renewable Water Resources (m3)
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Iran's renewable water per capita: 1,290 cubic meters
per year (as of 2021)

Global average renewable water per capita: 1,700
cubic meters per year (as of 2021)

Saudi Arabia's renewable water per capita: 91 cubic
meters per year (as of 2021)

1 Kuwait's renewable water per capita: 23 cubic meters
er year (as of 2021)

According to the Aqueduct Country Rankings 2021
published by the World Resources Institute, Iran has a
water stress score of 4.46. This score ranks Iran as
the most water-stressed country in the world out
of the included in the ranking.

AZERBAIJAN
ARMENIA—

TURKEY TURKMENISTAN
SYRIA  TEHRAN™
IRAQ IRAN  AFGHANISTAN
KU, PAKISTAN
QATAR
SAUDI  UAGE. i

ARABIA
OMAN

YEMEN

@ Encyclopsadia Britannica, Inc.




Falkenmark's Water Stress Index (WSI), also known
as the Falkenmark indicator, is a measure of water
availability per capita for a country or region.

According to the WSI, a country is considered to be
under water stress if the annual water availability per
person falls below 1,700 cubic meters.

If the annual water availability per person falls below
1,000 cubic meters, the country is considered to be
under water scarcity,

if it falls below 500 cubic meters, the country is
under absolute water scarcity.

The WSI provides a useful tool for understanding
water scarcity and stress at the country or regional
level, and can be used to inform water management
and policy decisions.

Malin Falkenmark — a Swedish hydrol o)
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Climate Change Impacts

* Climate change has significantly impacted the availability of renewable water
resources in many countries around the world. The amount of renewable water
resources have been affected by changes in temperature, precipitation patterns, and
the melting of glaciers and ice caps.

* Qverall, the effects of climate change on renewable water resources are complex
and vary by region. However, it is clear that changes in precipitation patterns and
temperature have significant impacts on the availability and quality of water
resources in many countries around the world.

* Before 2000, many countries had relatively stable water resources, with annual
precipitation patterns remaining relatively consistent from year to year. However,
after 2000, there has been a noticeable shift in many regions, with some areas
experiencing increased precipitation while others experiencing droughts and water
shortages.
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One of the most common mistakes made when considering how best to manage water allocation is to assume
that the impact of climate change on water supply will be gradual.

Figure 1.4. Historical trends in streamflow into Stirling Dam

. I Total (in GL) —e——1911-74 av. 1975-2000 av. 2000-05 av. 2006-13 av.
Experience has shown Averagerinfal ()
that sudden 900 H
800 .
[ [ ] [
climatic shifts ‘ ;\
can occut. 600 M- ’ HEEEEY A ‘
300 e tn | !,I! ! e
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Notes: Streamflow is from May of labelled year to the following April. In order to provide an accurate historical
comparison streamflow from Stirling, Wokalup and Samson Brook Dams are not included in this data as these
dams only came online in 2001. Inflow is therefore modelled on Perth dams pre-2001.

Source: Water Corporation of Western Australia (2014), www.watercorporation.com.au/water-supply-and-services/
rainfall-and-dams/streamflow/streamflowhistorical.
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per capita renewable water resource
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Using an ensemble of climate Water Stress by Country: 2040
models and socioeconomic

scenarios, WRI scored and ranked
4

Bahrain 5.00 18 Azerbaijan 4.69
future water stress—a measure

1 Kuwait 5.00 19 Morocco 4.68
Of Competition and depletion Of 1 Qatar 5.00 20 Kazakhstan 4.66
¢ 3 1 San Marino 5.00 21 Irag 4.66
surface water—in 167 countries - EFe 55 dnaia 50
by 2040 1 United Arab Emirates 5.00 23 Pakistan 4,48
1 Palestine 5.00 24 Chile 4.45
8 Israel 5.00 25  Syria 4.44
WRI found that 33 countries face 9 Saudi Arabia 4.99 26 Turkmenistan 4.30
; . 10 Oman 497 27 Turkey 4.27
eXtremely hlgh Water StreSS In 11 Lebanon 497 28 Greece 4,23
2040 — 12 Kyrgyzstan 4.93 29 Uzbekistan 419
14 Jordan 4.86 31 Afghanistan 412
Chile, Estonia, Namibia, and 15 Libya 4zt 32 Spain 407
16 Yemen 4.74 33  Tunisia 4.06

Botswana could face an S -

especially significant

increase in water stress by o
2040 http://ow.ly/RiWop WORLD RESOURCES INSTITUTE



EXTREMELY HIGH BASELINE WATER STRESS
17 COUNTRIES FACE EXTREMELY HIGH WATER STRESS  |u.ux 6 Lbya 10,Unted ArabEmirtes 14, Pakstan

2. Israel 7. Kuwait 11. San Marino 15, Turkmenistan

3.Lebanon 8. Saudi Arabia 12, Bahrain 16. Oman
4.Iran 9, Eritrea 13, India 17. Botswana

BASELINE WATER STRESS . | S.Jordan
ET&‘?“’ ) "'E;g;”h“f‘ ,,LE;’{,;T bl 12 out of the 17 most water-stressed
e n O countries are in MENA region.

Most of the region has arid-semi-arid
climate and therefore the region
naturally has low renewable water
resources.

Growing demands have pushed
countries further into going the
increase water scarcity intensity.

The World Bank found that this region
has the greatest expected economic
losses from climate-related water
scarcity, estimated at 6-14% of GDP
by 2050.

Source: wriorg/aqueduct



Where Water Stress Will
Be Highest by 2040

Projected ratio of water withdrawals to
water supply (water stress level) in 2040

m Extremely high
(>80%)

High (40-80%)

Medium to high
(20-39%)

M Low to medium
(10-19%)

M Low (<10%)

Source: World Resources Institute via The Economist Intelligence Unit
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Per Capita Renewable Water Resources of Provinces in Iran (m3)
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Groundwater:
A Major Source of Water Supply




Share of Groundwater Supply
(Global vs. Iran)

* Globally, ground water is the source of one third of all freshwater
. withdrawals, supplying an estimated 36%, 42% and 27% of the water .

used for domestic, agricultural and industrial purposes, respectively.

* In Iran, groundwater supplies around 62%, 48%, and 49% of domestic,
agricultural and industrial water withdrawals.




48%

Groundwater

dependency

Total renewable Percent of withdrawals to Percent national
Total groundwater groundwater resources total renewable share of global
Country withdrawals (km“"} {kms} groundwater resources withdrawals
India 190 419 45.3 28.9
United States 110 1,300 8.5 16.7
Pakistan 60 55 109.1 9.1
China 53 828 6.4 8.1
Iran 53 49 108.2 8.1
Mexico 23 139 15.0 3.8
Saudi Arabi 2 ¥ 2
Italy 14 43 32.6 2.1
Japan 14 27 51.9 2.1
Bangladesh 11 21 524 1.7
Brazil H 1,874 0.4 1.2
Turkey 8 68 11.8 1.2
Uzbekistan 7 9 77.8 1.1
Ciermany 7 46 15.2 1.1
Egypt 7 2 350.0 1.1
France fi 100 6.0 0.9
Spain 3 30 16.7 0.8
Bulgaria 5 6 83.3 0.8
Argentina § 128 39 0.8
Libya 1 0.5 800.0 0.6
Rest of the world 76 6,135 1.2 11.6
Toral i35 11,282 5.8 100.0

*Sourees: FAO, AQUASTAT (heep:/fwww.faoorg/nr/water/aquastat/main/index.stm; 40, 41).



Renewable: Recharges in a relatively short period of time by rain

Classification of Ground | "=~
Water Resources *  Water resources located deep underground _ n

° Replenished through natural processes like infiltration and B
percolation s

* Generally renewable but sustainability depends on factors like
recharge and extraction rate

Fossil water (Paleowater):

*  Water resources trapped underground for thousands or even
millions of years

° Typically non-renewable and not replenished over human

timescales

° Associated with aquifers formed during previous geological
periods

Key difference:

el 2

* Age and origin of the water

Silty Layer : .
2% -y - i * Deep water is renewable and can be sustainably managed
ARETORIOR

* Fossil water is non-renewable and typically mined or extracted for
a limited time

e

Water stored underground

in cracks and pores Fractured Rock Aquifer




North West
Sahara

_ HighPlains aquifer system
) aquifer

North China
Q plains aquifer

o
California = "-.r L
Central Valley .
aquifer S J k
Nubian Indo- 0
sandstone Gangetic 5' ‘
aquifer system plain -
'(’
é Great
o Artesian
aquifer basin

I 5
- Major regional aquifer systems

|:| Areas with some important but complex aquifers
|:| Areas of generally low permeability with local minor aquifers
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Importance of deep water:

* Increasing importance in many countries, particularly
in the Middle East where water scarcity is a
significant challenge

Exploration and exploitation:

* Several countries in the Middle East investing in
exploration and exploitation of deep-water resources

* Saudi Arabia, the UAE, and Kuwait among the most

Concerns:

* Quality and sustainability of deep and fossil water
need to be addressed for long-term viability

e e
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Libya
° Age: 10,000 to 1,000,000 years old

* Creation: Nubian Sandstone Aquifer System, a
vast reservoir of “fossil water” to which water was
percolated into the sandstone before the end of the
last ice age, when the Saharan region enjoyed a
temperate climate.

°* Volume of Nubian Sandstone Aquifer System is
estimated as 150,000 km? (twice of Caspian Sea)

* Non renewable: Some believe this aquifer might
not last through the 21st century. Some say it may
last in 250 years, some say 650 years, ....

° Size: 4000 km of pipe line (4 m diameter)
6 million m? / day = 2,190 million m3 / year
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Saudi Arabia

Saudi Arabia has invested heavily in the exploration of deep-water resources
Rub al-Khali desert has a vast aquifer system with significant reserves of deep water

The Saudi desert was sitting on top of some 500 billion m? of fossil water, but in recent 1s
years, an estimated 21 billion m® has been taken out every year to support modern ,,
intensive farming. Less than 50 years to dry the whole aquifer

Saudi Arabia has achieved its goal of becoming completely self-sufficient in a number of o
foodstuffs, including meat, milk and eggs. In fact, the country has become an exporter of
wheat, dates, dairy products, eggs, fish, poultry, vegetables and flowers to markets around
the world.

There are 522 dams around the country, with a capacity of 2.3 billion cubic meters

(BCM) to facilitate the storage and recharge of 970 million cubic meters of surface runoff
(1.6% of Iran’s RWR).

The total renewable groundwater is estimated to be 2.8 BCM/yr (5.7% of Iran’s RWR).

Both renewable and non-renewable groundwater is used primarily in the agricultural
sector, which constitutes about 85% of total groundwater withdrawal.

1990 1992 1997 2004 2009
Fossil groundwater
withdrawal rate in

KSA between 1990
and 2009
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Egypt

The Nile River supplies about 93% of
Egypt’s annual renewable  water
resources. A share of 55.5 billion cubic
metres per year (BCM/yr) is allocated to
Egypt according to the Nile Water
Agreement (1959).

Egypt has huge natural mineral water
resources estimate around 40,000 BCM.
However, most of them have not yet been
significantly  exploited. @ The main
obstacles in utilizing this resource, which
represents approximately 8% of water
resources, are the great depth (up to
1,500 metres in some areas) and
deteriorating water quality at increasing
depth.
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Quality and sustainability of
deep-water resources

- Economic challenges
- Environmental impacts
. Legal and institutional frameworks

. Technological advancements

Deep water resources have low salinity and high purity in some
aquifers but in some aquifers they contain various contaminants. For
example, UAE sits on around 640 BCM but only 3% is fresh.

The high cost of extracting and treating deep water is a major
challenge, making it economically unviable for some countries.

Exploitation of deep-water resources can have environmental impacts,
such as habitat destruction and displacement of marine life, as well as
negative effects on marine environments due to the discharge of brine
and waste products.

Legal and institutional frameworks governing the use of deep-water
resources are still evolving, leading to conflicts over ownership and
management of resources.

Despite these challenges, the exploitation of deep-water resources
remains a promising option, particularly for countries with limited
freshwater resources.

Technological advancements continue to improve the efficiency and
sustainability of deep-water extraction and treatment processes,
making it likely that the use of deep-water resources will continue to
expand in the future.

TR




Fossil water is a finite
resource

Middle east resources of fossil water
Extraction and usage
Depletion and environmental impacts

Sustainability concerns

Fossil water is a finite resource that has accumulated in underground
aquifers over thousands or millions of years.

The Middle East region has some of the largest fossil water reserves in
the world, containing up to 75% of the world's total non-renewable
groundwater resources.

Extraction and use of fossil water in the Middle East have increased
significantly in recent decades due to population growth, urbanization,
and agricultural expansion.

Concerns have arisen regarding the depletion of these non-renewable
resources and the potential environmental impacts of their extraction.

Exploitation of fossil water resources in the Middle East raises
significant concerns about the sustainability of water resources in the
region.

These non-renewable resources are being depleted at an unsustainable
rate, potentially leading to environmental impacts, land subsidence, and
regional instability.

Greater efforts are needed to conserve and manage water resources in
the region, including the development of alternative sources of water and
the implementation of more sustainable management practices.

TR
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Seawater

Desalination
in the World

) According to the International Desalination Association (2022):

= The total installed capacity for seawater desalination

worldwide: 105.2 million cubic meters per day.

= The Middle East and North Africa (MENA) region: 41.4

million cubic meters per day (39% of the world's total

capacity).

= Top five countries in the world: Saudi Arabia, United Arab

Emirates, Israel, Kuwait, Spain.

= Around 70% of desalination in the Gulf is currently done

through an energy-intensive evaporative process entirely using

fossil fuels.



seawater contribution to

Countries desalination ng;;i;:::;n meeting the water
(MCM/day) needs (%)
Saudi Arabia 7.8 35.3 50
United Arab Emirates 53 10.3 90
Seawater
o o Israel 1.9 94 25
Desalination
- K it 1 4.4
in the World uwal 3 70
Spain 2.5 47.4 7
United states 0.7 3329 <]
China 1.1 1400 <1

Iran 0.45 84.9 <1




- Saudi Arabia: approximately 1.5 million cubic meters per day

- United Arab Emirates: approximately 1.4 million cubic meters per

day

- Israel: approximately 0.2 million cubic meters per day

Discharged

- Kuwait: approximately 0.25 million cubic meters per day

Brine
* Spain: approximately 0.25 million cubic meters per day

- United States: approximately 0.1 million cubic meters per day

* China: approximately 0.5 million cubic meters per day

* Iran: less than 1 million cubic meters per day




Electricity

Power

Countries

Saudi Arabia

United Arab
Emirates

Israel

Kuwait

Spain

United states

China

Iran

Electricity
consumption
(kWh/m?)
3.5-5

3.5-6

4-7

2.5-4

3-4

3-4

3.5

Power

Explanation
source
fossil fuel- i
based
fossil fuel- plans to achieve 50% renewable energy production
based by 2050
fossil fuel- plans to achieve 30% renewable energy production
based by 2030
fossil fuel- i
based
renewable .
wind and solar power
energy-based

fossil fuel-  with some facilities utilizing nuclear or renewable
based energy sources

fossil fuel-
based

fossil fuel-
based




Summary

- Renewable water resources (RWR) are the most economic available sources of
water.

* Iran has access to much more RWR than most countries in the middle east and
north African region.

* Geological formations under Iran have mostly low permeability. Most probably
there 1s no significant deep/fossil aquifer under Iran.

- Total groundwater resources in Iran is very limited and therefore we have to be
very careful in keeping the balance between recharge and withdrawals from
aquifers.

- All sea water desalination plants if constructed will supply less than 1% of water
consumption of the country.



The way forward

- We have lost around 25% of our RWR due to climate change.

- In areas near sea shorelines, sea water desalination 1s an expensive but doable
option for water supply.

* For the rest of the country, water consumption management and recycling is the
best available option.

- 20 Billion m? reduction in water withdrawals in necessary for achieving the
sustainability of water resources in Iran.

* This requires a water allocation reform in Iran.

* Achieving this goal not only requires investment in more efficient water use
technologies but also requires reduction of area of agricultural lands and food
production self sufficiency targets.
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Relevance of Interventions to case studies

@® industrial
@ Agricuitural

® Municipal
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A schematic representation of the relative focus on different options
for the agricultural sector to cope with increasing levels of water scarcity over time
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NATIONAL WATER SCARCITY WORKGROUP

e Established in March 2018

* NWWSA consists of a hierarchy of three levels of decision making
committees:

* National Committee
* Ministers of Energy, Agriculture, Industry/Mine/Trade, and Interior,

* Heads of Planning and Budget Organization, Meteorological Organization and
Department of Environment

e Technical Committee
* Vice ministers and deputies of organizations
* Provincial Committees

* Heads of the same provincial organizations, Judicial system
representatives, Local Universities, Police Departments,
Farmer Organizations, ...




National Water Scarcity Adaptation Plan (2021-2026)

3 years of efforts of the national
work group and provincial

workgroups between 2018 and

2021 led to the preparation of
the first national water
consumption management
program.

76000 MAN FROURS
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