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Motivation:

• To quantify the future changes of drought risk in Africa considering
the main components of risk (i.e. hazard, vulnerability, and exposure).

• To develop a multi-dimensional framework for quantifying drought
vulnerability through integrating various socioeconomic factor (i.e.
economy, energy and infrastructure, health, land use, society, and
water resources).

• To implement scenario analysis for probabilistic future projections
and characterize the uncertainty of each component of risk. Vulnerability

Hazard

Exposure

1

mailto:Ahmadalipour.ali@gmail.com
mailto:hmoradkhani@ua.edu
http://www.moradkhani.net/


• Drought risk:

• The potential losses from the hazard imposed by a drought event

• Definition of “risk” according to the United Nations International Strategy for Disaster Reduction (UNISDR)
and Intergovernmental Panel on Climate Change (IPCC):

➢𝑅𝑖𝑠𝑘 = 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 × 𝐻𝑎𝑧𝑎𝑟𝑑 × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒

• Hazard: The likelihood of an extreme event (natural and/or anthropogenic)

• The Standardized Precipitation Evapotranspiration Index (SPEI) is utilized to quantify drought hazard

• Three types of data utilized in this project for quantifying drought risk:
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Socioeconomic Data:

• Climate Data: CORDEX RCMs, daily, 0.44° spatial resolution, Prec and PET
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No Deriving GCM Original Modeling Institute
Original Resolution 

(lat × lon)

Ens. 

Member
1 CanESM2 Canadian Centre for Climate Modeling and Analysis 2.8° × 2.8° r1i1p1
2 CNRM-CM5 National Centre of Meteorological Research, France 1.4° × 1.4° r1i1p1

3 CSIRO-Mk3-6-0 Commonwealth Scientific and Industrial Research Organization, Australia 1.8° × 1.8° r1i1p1

4 EC-EARTH EC-EARTH consortium 1.0° × 1.0° r12i1p1
5 GFDL-ESM2M Geophysical Fluid Dynamics Laboratory 2.5° × 2.0° r1i1p1
6 HadGEM2-ES Met. Office Hadley Centre 1.88° × 1.25° r1i1p1
7 IPSL-CM5A-MR Institut Pierre-Simon Laplace 2.5° × 1.25° r1i1p1
8 MIROC5 Atmosphere & Ocean Research Institute, National Institute for Environmental Studies, and Japan Agency forMarine-Earth Science & Tech 1.4° × 1.4° r1i1p1
9 MPI-ESM-LR Max Planck Institute for Meteorology (MPI-M) 1.9° × 1.9° r1i1p1

10 NorESM1-M Norwegian Climate Centre 2.5° × 1.9° r1i1p1

Population Data



• Drought Vulnerability:
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Drought Vulnerability Index

Least Drought Vulnerable Countries:



• Drought Vulnerability Index (DVI):
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• Drought Hazard:
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A trend value of -0.2 in SPEI means that in 25 years, the 
average value of SPEI will decrease by 0.5 (-0.2×2.5)



• Drought Risk Ratio:
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Drought Risk Ratio for 2070-2100 (compared with 1975-2005):



Characterizing Uncertainties:

Conclusions:

• Drought risk will increase in future for the entire African continent. The change rates are higher for the central African
countries compared to the other regions.

• Different future scenarios indicate similar results in near future, whereas vast differences are found between the moderate
and extreme scenarios in the distant future.

• Niger and Chad indicate the highest risk ratios due to population growth and increasing drought hazard.

• Tunisia and Morocco indicate the lowest risk ratio, albeit increasing drought hazard.
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Heat-stress Mortality Risk

Motivation:

• To implement a spatially explicit health risk model and accounts for regional temperature thresholds for quantifying all 
cause mortality risk 

• To assess the impact of climate change on heat-stress mortality risk across the Middle East and North Africa (MENA)

• To identify the spatiotemporal patterns of mortality risk and identify the underlying factors for such patterns

• To investigate any correspondence between future mortality risk and the economic status of the affected regions
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• Methodology:

• Mortality risk is at its minimum in an optimal temperature
(TW), and then increases as temperature rises.

• The optimum temperature is regionally explicit and depends
on the adaptability of human body to heat and humidity. An
empirical function suggested by World Health Organization
(WHO) is utilized to calculate TW for each model.
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• Mortality Risk Ratio:

• Two factors impact mortality risk:

• Intensity (ΔT)

• Frequency of unsafe days
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Frequency of Unsafe Days (T>TW)



• A small raise in intensity of heat-stress caused by climate
change (ΔT) leads to substantial increase in the
frequency of unsafe days, which results in markedly high
mortality risk ratio.
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Mortality Risk Ratio



• Mortality risk and the economic status:
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The poorest countries with least contribution to climate change are expected to be most impacted 

by it, as they will experience higher mortality risks compared to wealthier nations.
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