


RESEARCH OBJECTIVE

- Examine the impact of drought on Jordan
and how climate change may affect drought
afflicted areas
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JORDAN BACKGROUND
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- Small arid counitry in
heart of the Middle
East

- /.6 million people

- Upper-Middle
Income country

- Key U.S. Ally

- Severe water
scarcity



WATER INSECURITY

« Jordan has the 10" lowest per capita renewable
freshwater resources in the world.

Cereals Balance of Trade

Jordan - Population in Millions
(metric tons) - 2010
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_ . In order to meet the consumption needs of its
The populafion of Jordan is expected to population, Jordan imports 95% of its cereals.
increase by 85% over the next 70 years

Source: Arab Organization for Agricultural Development, Arab Agricultural
Source: United Nations, 2015 Stafistical Yearbook, 2014



CLIMATE CHANGE IMPACT IN

THE M
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- Climate Change
Model predict the
Middle East region
will become hotter,

drier, less

DLE EAST

Drought Tops Climate Change Concerns across All Regions
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- Climate change
may already be
causing extreme

drought in the
Middle East
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2007-2010 REGIONAL DROUGHT

- Severe drought in 2007-
2010 caused widespread
water and food
insecurity in Syria

. Syria forced to import
wheat

- Rural-Urban Migration

MIDDLE EAST: 2008 Regional Drought Impact
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Figure 1. Syria wheat production from 1960t 2015 (USDA Production, Supply and Demand database).
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Source: United States Department of Agriculture, 2015



RESEARCH APPROACH

- Assessed Climate in Jordan past to present to
idenftity drought years

- Used composite drought index to measure
drought severity

- Measured population affected and impact
on agricultural production.

- |denftified how climate change willimpact
drought afflicted areas in 2050.



Monthly Precipitation

Composite Drought Index

Landcover

Normalized Difference Vegetation Index
Anomaly

Wheat Yield, Production

Barley Yield, Production

Landscan

Future Climate -Monthly Precipitation -
January

Future Climate -Max Monthly
Temperature - January

Historical Average - Monthly
Precipitation

Historical Average - Max Monthly
Temperature - January

DATA

SOURCES

1901-2012

November 2008 to April
2009

2009

November 2008 to April
2009

2000-2014

2000-2014

2010

2040-2060

2040-2061

1960-1990

1960-1991

Monthly Average precipitation data. Used
data for November to April

Index of drought severity based on NDVI,

SPI, surface temperature anomaly, and soil

moisture.

Landcover data used to identify cropland

Input Variable for CDI, used in measuring
cropland affected

Annual production figures for agricultural
products

Annual production figures for agricultural
products

Gridded Population Dataset

Average values from six GCMS in rcp 4.5
and 8.5 scenarios

Average values from six GCMS in rcp 4.5
and 8.5 scenarios

Interpolations of observed climate data

Interpolations of observed climate data

Non-spatial

.05 degree

.5km

.05 degree

Non-spatial

Non-spatial
1km

30 seconds

30 seconds

30 seconds

30 seconds

World Bank Climate Hub

International Center for Biosaline
Agriculture

Global Landcover Facility

International Center for Biosaline
Agriculture

Food and Agriculture Organization
FAO

Food and Agriculture Organization
FAO

Oak Ridge National Library

WorldClim

WorldClim

WorldClim

WorldClim


http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Middle East&ThisCCode=JOR
http://www.mawredh2o.org/historical-data-2-0
http://www.mawredh2o.org/historical-data-2-0
http://www.mawredh2o.org/historical-data-2-0
http://www.mawredh2o.org/historical-data-2-0
http://www.mawredh2o.org/historical-data-2-0
http://www.fao.org/faostat/en/#data/QC
http://www.fao.org/faostat/en/#data/QC
http://www.fao.org/faostat/en/#data/QC
http://www.fao.org/faostat/en/#data/QC
http://web.ornl.gov/sci/landscan/
http://www.worldclim.org/cmip5_30s
http://www.worldclim.org/cmip5_30s
http://www.worldclim.org/current
http://www.worldclim.org/current

ASSESSMENT OF
CLIMATE AND D

HISTORIC
ROUGHT

CONDITIONS

- Monthly Precipitation data from World Bank Climate Hub

- Calculated Standard Precipitation Index for winter wet

months
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Number of Droughts
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RESULTS — HISTORIC
DROUGHT ANALYSIS

Drought years
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CASE STUDY OF 2008-2009
WINTER DROUGHT

I = Droucht Index

(CDI) used to map drought Exceptional

1_ 0 to 2% Drought
severl

Y 2 to 5% Extreme Drought
ECIUOTIOH: 5to 10% Severe Drought

10 to 20% Moderate Drought

CDI =0.40 * SPla + 0.2 * SMa+
0.2 * LSTa + 0.2 * NDVla

20 to 30% Abnormally Dry

30 to 70% Normal
- Where SPla = preCipiTOﬂ.On 70 to 80% Unusually Wet
anomaly, SMa = soil moisture 50 10 90% or Wet
anomaly, LSTa = land surface 0 =y e
femperature anomaly, and 90 to 95% Severely Wet
NDVIO o VegeTQTlon 95 to 98% Extremely Wet

anomaly.
928 to 100% Exceptionally Wet



COMPOSITE

Composite Drought Index

DROUGHT INDEX

- Exceptional Drought l:l Abnormally Dry - Severly Wet

- Extreme Drought |:| Normal

- Extremely Wet

- Severe Drought |:| Unusually Wet - Exceptionally Wet
[:] Moderate Drought [:] Very Wet

[November 2008

December 2008

January 2009

February 2009

March 2009

April 2009




JANUARY ANOMALY
DATASETS

NDVla B I Exceptional Drought

- All four anomaly

I Extreme Drought
datasets show L | s
A : ' B Abnormally Dry
drought conditions ot o
4 : [ JUnusua IltyWet
. Precipitation ¥ —fb
Anomaly (top left) Kl i —fladin
and soil moisture C AR
BMa

(bottom right)
were exceptionally
low in northwest
Jordan




POPULATION AFFECTE

D

- Approximately 4.7 million people, or 73% of Jordan’s
population resides in areas that were impact by the

drought.

Average Composite Drought Index (CDI-AVG)
November 2008 to April 2009
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CROPLAND AFFECTED

- Cropland in Jordan is concentrated in northwest which overlaps
with some of the areas affected by drought

- Approximately 52% of cropland affected

Cropland NDVI-AVG Cropland Affected

1% 1
~ %

m Severe Drought
15%

Moderate
Drought

47% Abnormally Dry

Unaffected
36%
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[ Normal



WHEAT AND BARLEY
PRODUCTION

« Historical Wheat Production in Metric Tons
d e C re O S e i n = \Wheat Production & DroughtYears  ----- Linear (Wheat Production)
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Not a clear relationship
between barley and
wheat production with
drought severity

2008-2009 winter had @
lower SPI than 2007-2008,
but production and yield

Winter SPI
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CLIMATE CHANGE ANALYSIS

- Used publicall
change data

available downscaled climate
om World Clim

- Average of 6 Global Climate Models

- Focused on precipitation and temperature in

January to identify conditions that could affect

drought

- Current climatfe data 1960-1990 used as baseline

Precipitation 2040-2060

Max
Temperature 2040-2060

Current

Conditions 1960-1990

Spatial

Resolution

Average January Precipitation 30 seconds

Average Max Temperature in

January 30 seconds
Current conditions data for

max tfemperature and

average precipitation 30 seconds

|__Model
CCSM4

National Center for Atmospheric
Research

CNRM- National Center for Meteorological
CM5 Research

GFDL-CM3 Geophysical Fluids Dynamics Lab

HADGEM2-
ES

Administration - Goddard Insitute for
GISS-E2-R Space Studies

MRI-
CGCM3 Meteorological Research Institute

Met Office Hadley Centre
National Aeronautics and Space

N Source

Measures average monthly
precipitation under future

climate conditions WorldClim
Measures max monthly

temperature under future

climate conditions WorldClim

Used for comparison with future

climate conditions WorldClim



PRECIPITATION CHANGE IN
JANUARY

« Under low

emission
gcengrio, CdnN Change in Average January Monthly Precipitation 1960-1990 to 2040-2060

expect fo see GCP 4.5 GCP 8.5
a an average
decrease of
6-10% In
precipitation
in January.

« Under high
emissions
scenario,
decrease will
be closer to TR
‘| 6_20%. 1 11% - 15%

B 16% - 20%
Data Source: Worldclim.org B 21% - 25%

Percent
Change




MAX TEMPERATURE CHANGE
IN JANUARY

« Max

temperatures in
January will
increase by 2
to 3 degrees
celcius

- Current climate

average max
temperature in
January is 21.2
degrees

- Increase in 2 to

3 degrees is
unlikely to have
major effects

Change in Max Temperature in January 1960-1990 to 2040-2060

GCP 4.5

Data Source: Worldclim.org

GCP 8.5

Temperature
Change C°
C11.9-2
El21-25
26 -3




RESEARCH
LIMITATIONS

- Composite drought index relies on satellite
sensor data that is not available for long term
historic analysis

- Unable to distinguish between rainfed and
irigated cropland

- Research doesn’t capture the effect of
drought on groundwater resources



CONCLUSIONS

- Drought frequency and severity has increased

- Climate change data suggests that this trend is
likely to continue

- Drought primarily affects northwest Jordan
where majority of Jordan’s population and
cropland are located.

- More difficult than expected to measure the
relationship between drought and crop
production.



FURTHER RESEARCH

- Examine why winter crop production was
worse in 2008 than in 2009

- More granular analysis of cropland affected
(I.e. rainfed vs irrigated, barley, wheat fields)

- Comparison study with impact in Syria



QUESTIONS®
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