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Dust Storm / Sand and Dust Storm
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1. Climate change and environmental degradation

2. Economic inequality and poverty

3. Global terrorism and political instability

4. Nuclear weapons proliferation and disarmament

5. Cybersecurity threats and information privacy

6. Pandemics and global health crises

7. Mass migration and refugee crises

8.Geopolitical tensions and regional conflicts

9. Energy security and resource depletion

10.Access to education, technology, and infrastructure

Top 10 Global Challenges in 21 Century
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Dust Storms are Global Disasters? 

Aerosol Optical Depth by NASA
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The Journey of Dust is Transcontinental
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Land Degradation and Dust Disasters in 21 Century
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World Dust Belts

USA,1930  

China, 1970 

Central Asia, 1990 

West Asia, 2000
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USA, 1930
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World War I
Jul 28, 1914 – Nov 11, 1918

World War II
Sep 1, 1939 – Sep 2, 1945

While it is difficult to determine exactly how many people 

died as a direct result of the Dust Bowl, it is estimated that 

hundreds of thousands of people were affected in some 
way by the environmental crisis.
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China, 1970
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Agricultural
Industrialization

Economy
Great Leap Forward, launched by Mao 
Zedong in China (1958 and 1962), 
However, these policies were poorly 
planned and executed, resulting in 
widespread famine, environmental 
degradation, and economic collapse
and caused the death of between 18 
and 45 million people. 
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Central Asia, 1990
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1.Climate change

2.Deforestation and land 

conversion

3.Overgrazing

4.Unsustainable agricultural 

practices

5.Mining activities

6.Development (e.g., 

infrastructure projects)

7.Political and socioeconomic 

factors
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West Asia Dusts, 2000
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Ramin Papi et al., 2022

Natural Drivers:
• Climate change,
• Drought,
• Global warming,
• Desertification.

Anthropogenic Drivers:
• Population fast growth,
• Dam construction,
• Human interventions:

• Deviations in rivers,
• Traditional agriculture,

• Land cover changes, and
• Land degradation.
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Dust Sources: 
1. Susceptibility Mapping

2. Dust Hotspot Sources Identification

3. Spatial-Temporal Modeling of Dust 
Drivers
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RGB images (MODIS Terra + MODIS Aqua + Suomi NPP) = 30,029

Hotspots from 2000-2020 = 10,422

• Iraq : 6927

• Syria : 3245

• Saudi Arabia : 166

• Turkey : 43 

• Iran : 33

• Kuwait: 8

Paper: https://lnkd.in/e4rS3p2p

Geodatabase: https://lnkd.in/eQfyG7-4

Movie Abstract: https://lnkd.in/eCJgKACZ

https://lnkd.in/e4rS3p2p
https://lnkd.in/eQfyG7-4
https://lnkd.in/eCJgKACZ
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Number of dust events per class per year in TEB (2000-2020)



7/17/2023 20



7/17/2023 21



University of Tehran

7/17/2023 22



University of Tehran

7/17/2023 23



University of Tehran

7/17/2023 24



University of Tehran

7/17/2023 25



7/17/2023 26



7/17/2023 27



7/17/2023 28



University of Tehran

7/17/2023 29



University of Tehran

7/17/2023 30



University of Tehran



University of Tehran



University of Tehran

Dust emission sources generally fall into five types:

(i) agricultural lands, 

(ii)dried and seasonal wetlands and lakes, 

(iii)dried riverbeds, 

(iv)degraded rangelands, 

(v)desert areas.

And each source requires specific treatment, therefore I strongly believe that each dust 
event must have unique Identification record including exact location of source, LULC 
type, impact area, intensity, and continuity to be able to control it. 
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Dust Impacts:
1. Human health,

2. Socio-economy

3. Vegetation cover

4. Radiative forcing (Climate conditions)
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Sand and Dust Storm Process
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Wet and Dry Depositions
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Dust Storm Simulation Design in 2015

SDS Simulation: Portable Wind Erosion Tunnel

Lab: Greenhouse, Medical Lab, Soil Lab, etc

SDS Tension Simulation: Similar to Ahvaz

Time Periods: From 1 to 6 Days

Concentration: 

 Low (350 mg/m3)

 Medium (750 mg/m3)

 High (1500 mg/m3)

Dust samples: Ahvaz

By: UT and TMU
7/17/2023
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Four main domains of the vulnerability of a system to SDS (UNCCD, 2023)
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GIS-based SDS vulnerability mapping procedure (UNCCD, 2023)
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SDS-VM in Ahvaz
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Human Diseases caused by dust storms (2015-16)

Location: Fars Province, Southwest of 

Iran

Time Period: 8 years (21 March 2006 

– 22 March 2014)

Cities: Shiraz, Abadeh, Sepidar, 

Larestan & Kazeroon

Hospitalized People: 13661 

Respiratory Diseases: Asthma, 

COPD, Pneumonia, and ARD

Heart Diseases:

Heart Failure, Ischemic, Cerebrovas

Cular, Mitral Regurgitatia, 

Cardiomypathy, and Angina.
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Dust Disaster Risk Reduction 
by Contingency Planning
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General Steps of Contingency Planning for the Reduction 
and Management of Dust Disaster Risks 

I. Identify and assess risks: Conduct a comprehensive assessment of potential hazards 
and vulnerabilities in your area, taking into account historical data and local 
conditions.

II. Develop a plan: Create a disaster risk reduction plan that outlines strategies for 
prevention, preparedness, response, and recovery.

III. Implement the plan: Put the plan into action by building infrastructure, establishing 
early warning systems, developing community-based disaster management teams, 
and training personnel.

IV. Monitor and evaluate: Continuously monitor the effectiveness of the plan to ensure it 
is functioning as intended and make necessary adjustments based on feedback and 
results.

V. Maintain preparedness: Keep emergency supplies stocked and regularly practice 
procedures to ensure readiness in the event of a disaster.

VI. Educate and inform the public: Raise awareness about disaster risks and encourage 
individuals and communities to take action to reduce their vulnerability.

7/17/2023
57
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Contingency Planning for the Reduction and Management of Dust 
Disaster Risks for Achieving SDGs and Sendai Framework Priorities

It directly works towards achieving SDGs 2, 3, 11, 13, 15.

SDG2 (Zero hunger): SDS can harm crops, livestock, and agriculture, affecting food quality and security. Tackling it at the source helps enhance

productivity.

SDG3 (Good health and well-being): SDS air pollution threatens human health, linked to respiratory and cardiovascular diseases.

SDG11 (Sustainable cities and communities): Taking measures to reduce SDS disasters will result in fewer people affected and less economic

damage, promoting safer, sustainable, and resilient human settlements.

SDG13 (Climate action): Enhancing the utilization and supervision of land/water resources in SDS source regions will play a significant role in

establishing landscapes and communities that are resilient to climate change.

SDG16 (Life and land): Enhancing the sustainable utilization of terrestrial ecosystems can be achieved by mitigating SDS source regions, thereby

promoting land degradation neutrality.

It also aligns with the Sendai Framework Priorities 1, 2, and 4

Priority 1 (Understanding of SDS risk),

Priority 2 (Strengthening SDS risk governance),

Priority 4 (Enhancing SDS disaster preparedness) for Disaster Risk Reduction.
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FAO-Project (2021-2022):
Develop contingency plan for catalysing

investments and actions to enhance 
resilience against sand and dust storms in 

agriculture in Iran - an agricultural 
perspective
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Indicator

Dust severity index (DSI)

Wind erosivity severity index (WESI)

Visibility (Vis)

Net dust deposition (NDD) 

Dust emission rate (DER)

Palmer drought severity index (PDSI)

Livestock grazing index (LGI)

Land degradability index (LDI)

Population density (PD)

Number of livestock (NL)

Fractional vegetation cover (FVC) 

Active population (AP) (15<age<65) 

Literacy rate (LR)

Rural health centre (RHC)
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Concept Element Component Indicator Description Source Alternative source

SDS 

Risk

Hazard

Frequency Dust severity index (DSI) Dusty days in a year (MODIS) products Aerosol Robotic Network 

(AERONET) 

Wind erosivity severity index (WESI) Wind speed (m/s) per dusty day ERA5 National meteorological stations 

and Automated Surface 

Observing System

Intensity Visibility (Vis) Average monthly visibility Meteorological station ASOS / AWOS METAR data 

Net dust deposition (NDD) Net deposition (wet deposition + dry 

deposition) 

MERRA-2

Dust emission rate (DER) Direct impact on agriculture MERRA-2 reanalysis products 

Vulnerability

Sensitivity Palmer drought severity index (PDSI) Drought results in vegetation loss and topsoil 

erosion that reduces agricultural productivity

National Oceanic and 

Atmospheric Administration

Livestock grazing index (LGI) Net primary production (NPP)-based grazing 

index

FAO NPP Ground-based NPP and livestock 

statistics 

Land degradability index (LDI) Land degradation is one of the main drivers of 

dust formation

Exposure

Population density (PD) Number of people per unit area National population and 

housing census

WorldPop

Number of livestock (NL) NL per unit area National agriculture census

Fractional vegetation cover (FVC) Calculated using the normalized difference 

vegetation index

MODIS NDVI Landsat and Sentinel-2 

Coping capacity 

Active population (AP) (15<age<65) Ratio of active people to population 

National population and housing 

census 
Literacy rate (LR) Ratio of literate people to population

Rural health centre (RHC) Ratio of number of health centres to 

population
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Proposed management structure/responsibilities, coordination, operational activities and 
communication mechanisms for implementing the CP according to different SDS risk scenarios

AHPI = agriculture, health and property insurance;
APA = animal protective actions (keep livestock in stables, keep bees in
hives and cover fishponds with nylon or glass when SDS occurs);
CAI = cleaning agriculture infrastructures;
CMT = crisis management team (if an SDS is categorized as a crisis, this
group will form, and by implementing the mitigation measures it will
manage the SDS crisis);
CSD = cadastre system development to make a systematic and target-
oriented resources allocation to combat SDS;
DEG = damage estimation group led by the Ministry of Jahad-Agriculture (if
an SDS is associated with damage, this group will form, and by developing
measurable indicators of Sendai Framework Monitor Indicator C-2, it will
estimate the amount of damage);
EWS = early warning system;
FFP = fruit and food protection;
FWS = food and water supply;
PGP = promoting good practices related to agriculture (available local
knowledge, implemented practices and technologies, and successful projects
to mitigate SDS in agriculture);
TNCM = transport network crisis management;
WFPL = washing fruits and plant leaves. For responsible organizations:

DoE = Department of Environment;
IRCS = Iranian Red Crescent Society;
IRIMO = Iran Meteorological Organization;
NDMO = National Disaster Management Organization;
NRWO = Natural Resources and Watershed Management Organization;
PBO = Planning and Budgeting Organization.
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Operational activities to reduce SDS disaster risk for agriculture in Ahvaz 

Operational activities Time Responsibility
Preparedness

Collect and provide regular data about water, soil, agriculture, socioeconomic, meteorology and air quality of 

Ahvaz County to the geodatabase management system   

As soon as possible General governorate of Khuzestan, general meteorological organization 

of Khuzestan, General Jahad-Agriculture organization of Khuzestan, 

General NRWO of Khuzestan, General DoE of Khuzestan and research 

institutes

Soil conservation activities (soil enrichment, no tillage, low tillage and crop rotation) Before the cultivation 

season

Land users, including herders and farmers

Water resources management (runoff collection and wetland management) In wet seasons Ministry of Energy, Ministry of Jahad-Agriculture and land users

Restoration (afforestation, reforestation, shrub planting and farming) When needed NRWO and land users

Land-use planning (rangeland management and livestock grazing management) In 3–7 years General governorates and PBO

Farm-side wind-breaks, roadside tree planting and non-living wind-breaks When needed NRWO and land users

Agricultural and livestock insurance Annually Agriculture Bank of Iran 

Establish a financial mechanism to support anticipatory actions When needed Ministry of Jahad-Agriculture NRWO, international support funds and 

agricultural investment funds

Capacity-building and awareness-raising about SDS When needed Ministry of Jahad-Agriculture, universities, NDMO and United Nations 

agencies (FAO, UNCCD, World Health Organization and WMO) 

Climate-smart agriculture practices including avoiding cultivating crops with high water consumption, developing 

an efficient water resource management framework to integrate the agricultural and industrial drainage water 

with the Karun River water for agricultural irrigation systems and wetting dust sources; development and 

expansion of the use of new irrigation approaches; use of new technologies, such as superabsorbent to preserve 

soil moisture; and reduction of rural migration to other areas

As soon as possible Ministry of Jahad-Agriculture NRWO 

Prevent SDS deposition on aquaculture systems Closest time before SDS 

occurrence 

Iranian/State Fishery Organization, universities, United Nations agencies 

(FAO, UNCCD, World Health Organization, WMO, etc.) and aquafarmers

Prevent bees from leaving hives Closest time before SDS 

occurrence 

NDMO, beekeepers and land users 

SDS sources control and mitigation measures including stabilizing soil surface by mulching, planting climate-

compatible shrubs and trees, and building wind-breaks and mechanical and biological barriers (see Appendix 4 for 

an overview of additional agricultural measures) 

When needed NRWO helps land users

Health services for people affected by dust When needed Ministry of Health, Treatment, and Medical Education (health house and 

centres and hospital emergency departments)
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Operational activities to reduce SDS disaster risk for agriculture in Ahvaz 

Operational activities Time Responsibility

Response
SDS early warning system (spatial spread, durability and intensity) Real/near real time WMO Sand and Dust Storm Warning Advisory and 

Assessment System and IRIMO 

SDS agriculture-specific information (television, text messages and social media) Real/near real time NDMO, provincial NDMO and IRIMO

Emergency rescue teams for lost people and livestock When needed Provincial NDMO and Red Crescent

Health services for people affected by dust When needed Ministry of Health, Treatment, and Medical Education 

(health house and centres and hospital emergency 

departments)

Recovery
Estimate the impact/costs of SDS for agriculture and livestock sectors When needed NDMO, provincial NDMO, universities and research 

institutions

Provide health services for people affected by dust When needed Ministry of Health, Treatment, and Medical Education 

(health house and centres and hospital emergency 

departments)

Use sprinkler irrigation system to wash plant leaves in irrigated agriculture lands As soon as possible 

if applicable 

Land users

Provide veterinary services to herders As soon as possible County veterinary network

Provide financial support to farmers and ranchers When needed Ministry of Jahad-Agriculture NRWO, international 

support funds, and agricultural investment funds 



University of Tehran

Proposed management structure/responsibilities, coordination, operational activities and 
communication mechanisms for implementing the CP for different domains of the system

Domain Methods and tools Responsible

Cropland and 

rangeland

Weekly vegetation cover monitoring using remote-sensing indices, 

e.g. NDVI and FVC 

Monthly agricultural productivity monitoring using satellite-based 

NPP

Yearly land degradation assessment by LDI

NRWO 

DoE

General 

governorate

s

Universities 

and 

research 

institutes 

SDS sources Monitoring changes in the extent of SDS emission sources by NDD

Time series analysis of the intensity and frequency of SDS events by 

DSI, DER and Vis

Socioeconomics Human development:

 Income stability due to SDS mitigation in agriculture by 

periodic agriculture census 

 Awareness about SDS evaluated using questionaries 

Migration status of SDS-affected rural areas by national 

population and housing census 
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National master plan DoE National Committee for Combating SDS Ministry of Jahad-Agriculture NRWO, NDMO and 

universities 

Action plan MJA-NRWO Research institutes 

Contingency plan Ministry of Jahad-Agriculture NRWO NDMO, IRIMO and Ministry of Health and 

Medical Education

Control desertification and SDS sources Ministry of Jahad-Agriculture NRWO General governorates and PBO 

Water, soil and agriculture resources 

management

Ministry of Jahad-Agriculture (deputy of water 

and soil)

NRWO and Ministry of Energy

Compensate and provide financial 

support to affected rural communities 

Government and insurance companies General governorates and PBO and state and 

private banks

Protection plan and protocols for 

livestock, bees and aquatics

MJA (Agricultural Research, Education and 

Extension Organization )

Research institutes and NRWO

Orchardists support and fruit 

preservation plan

Ministry of Jahad-Agriculture NRWO Research institutes 

Emergency food and water supplies plan NDMO and Iranian Red Crescent Society (IRCS) MJA-NRWO and provincial governorate

Biodiversity and medicinal plants Research institutes MJA (deputy of water and soil) and NRWO  

SDS awareness-raising culture for 

preparedness, response and recovery 

MJA(Agricultural Research, Education and 

Extension Organization )

Research institutes and universities 

Frameworks and institutions responsible for SDSS preparedness, response and recovery  
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Follow-up recommendations and management actions

Within Ahvaz County Beyond Ahvaz County 

1) Hold capacity development workshops (meetings and

administrative discussions) for SDS stakeholders in

Ahvaz County

2) Establish a cross-sectoral SDS expert group in Ahvaz

to guide enhanced SDS contingency planning

implementation

3) Design and conduct a training workshop for the SDS

expert group

4) Further raise awareness among local communities

living in SDS high-risk areas of Ahvaz

5) Adopt a multi- and cross-sectoral lens in the

development and implementation of SDS contingency

planning

6) Government of the IR. Iran should conduct the

feasibility assessments needed for implementing this

CP.

7) Based on the feasibility study results and in line with

its overall responsibilities, the Government of the IR.

Iran should reconfirm its SDS priority interventions

for the different agricultural subsectors

1) For further upscaling of SDS activities beyond

Ahvaz, develop countrywide SDS risk and

vulnerability maps. Based on those, develop related

contingency plans at local scales for other areas

affected by SDS, with a focus on agriculture.

2) The Government of the IR. Iran should integrate an

SDS contingency plan into the national DRR

programme following Table 8.

3) The Government of the IR. Iran should consider

adapting, implementing and distributing this SDS

contingency planning approach into other SDS-

affected counties.
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Proposed elements and tasks to develop an SDS-oriented contingency plan in agriculture

• Conduct research to identify emission sources, transport pathways and deposition areas of SDS and the impacts on agriculture, and rural comunities 
to create baselines for each region
• Coordinate with regional countries/institutions and United Nations entities to share knowledge
• Raise awareness about SDS drivers and consequences 

Knowledge creation/sharing

• Forcast the occurrence of SDS
• Provide agriculture rural specific early warning messages for SDS impact mitigation
•Develop an online interorganizational warning network for syncronized action planning 

Forecast and early warning system

• National DRR and DRM plans to combat SDS
•National master plan to combat SDS in agriculture 
• Agriculture-specific local action plans at county/district levels

Enhanc cohesion between the national and local action plans for agriculture, DRM, SDS and with 
other sectors 

•Multi-hazard risk reduction and role and responsibilities of agriculture
• Create protocols for prevention, mitigation and adaptation towards SDS impacts
• Create and implement operational response plans during SDS events 
• Create recovery protocols and operational plans to mitigate SDS impacts

Capacity development in agriculture to enhance resilience  and adaptability of agriculture 
towards SDS

• Develop time series remote-sensing indicators to model vegetation cover and plant phonology behaviours to be combined with field data to estimate 
damage and loss caused by SDS in agricutural lands
•Utilize the FAO damage and loss methodology to generate precise and holistic data for the agricultural sector 

(https://elearning.fao.org/course/view.php?id=608) 
• Apply the Sendai Framework Monitor Indicator C-2 measuring "Direct agricultural loss attributed to disasters" 

(https://www.preventionweb.net/sendai-framework/sendai-framework-indicators)

Agriculture damage and loss estimation 

• Create and develop an SDS (geo)database management system, which contains the maps of SDS sources, transport and deposition areas, 
vulnerability, hazard and risk assessment/mapping procedures, decision support system and protocols to regularly update   

Multiscale SDS (geo)database development 

• Further define the responsibilities of key stakeholders, institutions and government agencies; SDS includes several domains (croplands, rangelands 
and rural comunities) in a transparent way, and  in accordance with existing laws, regulations and programmes
• Enhance the intra- and inter-agency interactions as the prerequisite to better SDS risk management
• The transnational nature of the phenomenon dictates the need for strengthening regional cooperation, international relations and use of the 

capacities of United Nations entities 

Determining the responsible organizations

https://elearning.fao.org/course/view.php?id=608
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I'm extremely grateful to 

FAO MJA-NRWO

Significant technical guidance,

inputs and advice were

provided by the FAO experts

Mr. Stephan Baas,

Mrs. Wirya Khim,

Mrs. Tamara van ‘t Wout,

Mr. Nick Middleton,

Mrs. Caren Brown,

Mrs. Khazal Kamar,

Mr. Feras Ziadat

Mr. Gerold Boedeker,

Mrs. Marjan Ghanbari,

Mr. Hooman Moezzi,

Mr. Sina Saemian.

My Research Team

Significant technical guidance,

data and inputs and advice were

provided by the SDS experts

Mr. Vahid Jafarian,

Mr. Mohsen Abdolhoseini,

Mr. Ali Amooyi,

Mr. Hossein Badripour,

Mr. Ali Hossein Dehghan,

Mr. Ali Hajibaglou,

Mrs. Soodabeh Namdari,

Mr. Mahmoud Rajabi,

Mr. Forood Sharifi,

Mr. Navid Ziaei,

Mr. Parviz Garshasbi

Scientific and technical inputs

were provided by my SDS team of

the Department of Remote

Sensing and GIS, Faculty of

Geography, University of Tehran

Mrs. Najmeh Neysani Samany,

Mr. Masoud Soleimani,

Mr. Mohsen Bakhtiari,

Mr. Ramin Papi,

Mr. Saham Mirzaei,

Mr. Sadri Seifi.
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1. SDS risk analysis and contingency planning for dryland 
forest and rangeland conservation and restoration in 
Kerman and Khorasan Jonoobi Provinces, by FAO

2. Dust disaster risk analysis and developing risk reduction 
procedure for Tehran metropolitan, by Natural Disasters 
Research Institute, NDRI (https://en.ndri.ac.ir/) , Iran 
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• I am extremely grateful to University of Tehran and specially  My Research Team 
for being the major hand in these works. 

• My deepest appreciation goes to FAO for their invaluable support, which played a 
vital role in enabling us to accomplish this endeavor successful.

• My sincerest thanks to CDRF for their instrumental contribution in organizing and 
hosting this specialized webinar. 

• My sincerest thanks to all the Esteemed Attendees who dedicated their valuable 
time to listen to my speech during this webinar. 

• I am incredibly grateful to my Amazing Wife and Daughters for their unwavering 
support and assistance throughout my journey in dust research.
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