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Observed and projected CC at global level

Impacts

Adaptation

Climate Change - Global
Temperature
Variable/
phenomenon

Observed changes since 1950

Attribution of observed
changes

Projected changes up to 2100

Temperature

Very likely* decrease in number of
unusual cold days and nights. Very likely
increase in number of unusually warm
days and nights. Increase in length or
number of warm spells or heat waves in
many regions.

Likely anthropogenic influence
on trends in warm/ cold days/
nights globally. No attribution of
trends at a regional scale with a
few exceptions

Virtually certain decrease in frequency and
magnitude of unusually cold days and
nights. Virtually certain increase in
frequency and magnitude of unusually
warm days and nights. Very likely increase in
length, frequency, and/ or intensity of warm
spells or heat waves over most land area

Precipitation

Likely statistically significant increases in
the number of heavy precipitation events
in more regions than those with
statistically significant decreases, but
strong regional and sub- regional
variations in the trends

Medium confidence that
anthropogenic influences have
contributed to intensification of
extreme precipitation at the
global scale

Likely increase in frequency of heavy
precipitation events or increase in
proportion of total rainfall from heavy falls
over many areas of the globe, particularly in
high latitudes and tropical regions, and in
winter in the northern midlatitudes

*Virtually certain, 99-100%; very likely, 90-100%; likely, 66-100%; medium confidence (agreement and evidence based)

Summary of observed and projected changes of four extremes at global scale (IPCC, 2012)

Climate Change - Global
Variable/
phenomenon

Observed changes since 1950

Attribution of observed
changes

Projected changes up to 2100

Droughts

Medium confidence that some
regions of the world have
experienced more intense and
longer droughts, particularly
southern Europe and West Africa,
but opposite trends also exist

Medium confidence that
anthropogenic influence has
contributed to some observed
changes in drought patterns. Low
confidence in attribution of
changes in drought at the level of
single regions due to inconsistent
or insufficient evidence

Medium confidence in projected increase in
duration and intensity of droughts in some
regions of the world, including southern Europe
and the Mediterranean region, Central Europe,
Central North America, Central America and
Mexico, northeast Brazil and southern Africa.
Overall low confidence elsewhere because of
insufficient agreement of projections

Floods

Limited to medium evidence
available to assess climate-driven
observed changes in the magnitude
and frequency of floods at regional
scale. There is low agreement in this
evidence, and so low confidence at
the global scale regarding even the
sign of these changes.

Low confidence that
anthropogenic warming has
affected the magnitude or
frequency of floods. Medium to
high confidence in anthropogenic
influence on changes in some
components of the water cycle
(precipitation, snow-melt)

Low confidence in global projections of changes
in flood magnitude and frequency because of
insufficient evidence. Medium confidence that
projected increases in heavy precipitation would
contribute to rain-generated local flooding in
some catchments or regions. Very likely earlier
spring peak flows in snow melt- and glacier-fed
rivers

Summary of observed and projected changes of four extremes at global scale (IPCC, 2012)

Impacts
Impacts (General)

Source

Water resources decrease (droughts) and consequent impacts on water
and sanitation infrastructures

Vargas-Amlin and Pindado (2014); Thronton et
al., (2014)

Loss of biodiversity and natural ecosystems (Temperature). Timing of
climate variability may be as important as its magnitude

Vargas-Amlin and Pindado (2014); Craine et al.,
(2012)

Increased soil erosion processes (floods)

Vargas-Amlin and Pindado (2014)

Loss of lives and goods (wild fires, heat waves and floods)

Vargas-Amlin and Pindado (2014)

Severe yield reductions and reproductive failure in many crops (Increase in
maximum temperature –as climate or weather-: i.e. each degree day spent
above 30oC can reduce yield by 1.7% under drought conditions. Many
other examples exist

Lobell et al., (2011); other examples
Mohammed and Tarpley, 2009)

Climate variability and extreme events can also be important to yield
quality; i.e., high-temperature extremes during grain filling can affect
protein content of wheat grain

Hurkman et al., (2009); other examples
(Rowhani et al., 2011); Gornall et al., (2010)

Change in livestock productivity due to grassland reduction and variability
in species and composition

(IPCC, 2007; Ericksen et al., (2012)

Impacts Most significant impact will be noticed in developing countries that
are dependent on agriculture for subsistence (IPCC, 2007; Stakhiv, 2011)

Impacts (Summary)
Food systems and security
Impact on agricultural production and livestock survival (diseases: Martin et al., 2008)) and production. Vulnerable
groups are most negatively affected; i.e. Impact on commodity prices at global market (Willenbockel, 2012)

Human health
•
•
•

•

Direct: Malaria and Cholera are highly affected by changes in flood and drought patterns (Costello et al., 2009;
Sherpa et al., 2014)
Direct: human displacement due to disasters. This is also usually associated with more noticed diseases due to
poor sanitation conditions within displaced communities
Indirect effect: if CC leads to change in temporal and spatial variation in vegetation and water distribution, vectors
will move to new areas and epidemics distribution will be different
Loss of lives and goods: heat waves, wild fires, etc.

Water and and sanitation infrastructures
•
•
•
•
•

Reduced water resources (droughts, increased evaporation) and need for investment in additional infrastructures
(reservoirs)
Insecure sanitation systems during flooding and high risk of contamination; additional siltation of reservoirs
Additional maintenance requirements for sanitation systems in droughts due to less water availability
Less water secured for agricultural sector
Water conflicts at national and international level

Jordan

Population: 10 million
 80% arid and semi arid areas
 Second largest refugee host in the world


Facts (cont.)


Low precipitation and high evaporation
◦ 8.2 BCM over 90,000 km2
 93.5% is lost to evaporation
 2.1% runoff
 4.4% groundwater recharge

In Jordan < 100 m3/c/year (scarcity level 1000 m3/c/year)
 Renewable water resources 850 MCM/year
 Demand > 1500 MCM/year
 Supply 1100 MCM/year


◦ Domestic 45%, Agriculture 51.7%, Industry 3.3%
◦ Surface water 27%, GW 59%, Treated ww 14%



12 GW basins, 10 over pumped, 200 MCM/year
Average drop in GW level by 2 m/year (5-20 m/year).

Climate Change: Local Level*
• Mean and maximum
temperatures will be 2-4
degrees higher
• Precipitation will be 15-20%
lower
• Runoff will be 20-30% lower

Temperature change for the Jordan River
basin for two different climate change
scenarios (RICCAR models)

High uncertainty in climate change projections of IPCC at regional level
(Kundzewics and Stakhiv, 2010)
* Climate change policy for resilient water sector (2016)

Main Message
Global models, regional and
national models:
Global models with high
accuracy should be enough to
create actions

Focus on actions:
Be more resilient

Climate Change
Climate variability
Uncertainty

Absorb disturbances
while maintaining
structure and function
CC policy for a resilient water
sector (2016)

Impacts of CC - Jordan

Agriculture








Increased CWR
Weed and crops competition
Spread of pests
Increased salinization of soil
Less suitable lands for agriculture
Reducing yield of crop
◦ Example (Droubi, et al. 2008): In the year 1998/1999
and year 2004/2005:
 Wheat and barley production reduced by 55%
 Olive production reduced by 73%

Drought
Increased frequency of drought events
 Desertification
 Soil erosion
 Plant cover reduction


Floods








Increased frequency of floods
Soil erosion
Affects crops and trees
Affects infrastructures and buildings
Threats the wellbeing of people
Examples (recent years):
◦
◦
◦
◦

Zarqa-Maen (2018) – loss of life
Petra (2018) – $$$$
Down Town Amman (2019) - $$$
Aqaba (2012) - $$$

Amman

Petra

Other impacts - Jordan









Decrease in groundwater recharge
Soil erosion + sediments in dams
Detrition of water quality
Decrease in surface runoff
Increase water consumption
Increase the price of water
Slowdown achieving the Millennium
Development Goals

Action











Government
Universities
UNESCO - Petra
Japan- Petra
USAID - Jordan
Switzerland - flood mapping programme
GIZ
Many others

Adaptation

Adaptation Process
What can be done (but has
not been) to increase
resilience
Adaptive capacity: ability of
a system to moderate
potential damages due CC,
to take advantage of
opportunities, or to cope
with the consequences
Luh et al., (2017)

First: Enhance water supply
Dams and water harvesting projects
 Treated wastewater (67% is served)
 Desalination


◦ Nuclear energy (future)
◦ Saline water (close to urban areas)
◦ Red-Dead Sea Conveyer (>900 MCM/year)

Groundwater protection
 Adopt IWRM concept


Adaptation in Sanitation and reuse subsector in Jordan

Very much connected through water pricing

1

2
Legal framework

Quantity:

Quality:

Increasing
services to 80%
can only be
achieved by
decentralized
sanitation
systems

Can only be
achieved by
safety planning;
i.e. SSP

Socially accepted
systems
Technically feasible
robust systems
Creating successful
business model

Required enabling
environment
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National Water Strategy 2015-2025

Disi Water Conveyer Project
Constructed 2009 - 2013
Pump 100 MCM from Disi Aquifer
from 55 wells
Pipeline length is 325 km (1600 mm)

Amman Water Desalination and Conveyance National
Project (AAWDC)
Started in 2020
Largest project implemented
Phase I 150 MCM/year
Phase II 250 MCM/year

Red-Dead Sea Conveyer Project
Ultimate project goal
• Red Sea extraction
– 2,150 mcm/year
• Desalinated water
– 930 mcm/year
• Dead Sea discharge
– 1,220 mcm/year
• Hydropower
– 180 megawatts

Dead Sea Water Budget

Surface water
Rainfall Evaporation
200
1700 mm
90 mm
1300 MCM/year
flow to the sea
from Jordan
River Basin
200

400 MCM/year
as GW flow

Historical Dead Sea
Surface area = 1000
km2
620

Historical Dead Sea
elevation = -395 km
-427

The future of the Dead Sea
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Second: Water Demand Management


Agriculture
◦
◦
◦
◦
◦
◦



Efficient irrigation systems
Scientific findings (i.e. production by 75% water = by 100%).
Cash crops
Virtual water
Crop pattern / season
Irrigation water management

Domestics
◦
◦
◦
◦

Reduce NRW
Water saving interventions
Public awareness
Emergency plans

Third: Capacity Building, water policy
and strategic planning



Enhance the different related sectors with highly
qualified personnel.
Enforce and update current legislations and policies
◦ NRW – 25%
◦ Groundwater - over pumping

Public engagement
 Transboundary issues with neighboring countries needs
to be addressed
 Apply the law


Forth: Research and Technology
Encourage scientific research on water resources
management, irrigation management, cops pattern
selection, and agriculture technologies.
 Better understand the local hydrological cycle and the
use of IWRM on sub-watershed level.
 Research on the use of solar energy and Nano
technology in water desalination.
 Research to improve water efficiency and water
productivity.
 Create new concepts to adapt with water scarcity.


RESERVOIR Project

sustainable groundwater RESources managEment by
integrating eaRth observation deriVed monitoring and
flOw modelIng Results
https://reservoir-prima.org/

Building resilience in water sector in Jordan

A combination of soft and hard
measures required

The Public
Do the people of Jordan realize the threats
imposed on the country by climate change?
 Do they know that the water resources are at
threat?
 The public should be involved and aware of the
consequences of CC, their participation will help
them to better adapt to future conditions


THANK YOU
The challenges of climate change on agriculture
and water resources in Jordan are quite serious
but we have to be prepared and optimistic

ان المجتمعات التي تثمن الماء وتقدر قيمته هي األقدر على
التكيف مع شحه مستقبال

