
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/387419488

The Impact of Drought on Food Security in Somalia: A Comprehensive Review

Article · December 2024

CITATIONS

0
READS

456

2 authors:

Ibrahim Isse Ali

Selçuk University

13 PUBLICATIONS   5 CITATIONS   

SEE PROFILE

Ali Hussein Ahmed

Zamzam University of Science and Technology

18 PUBLICATIONS   4 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Ibrahim Isse Ali on 26 December 2024.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/387419488_The_Impact_of_Drought_on_Food_Security_in_Somalia_A_Comprehensive_Review?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/387419488_The_Impact_of_Drought_on_Food_Security_in_Somalia_A_Comprehensive_Review?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ibrahim-Ali-136?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ibrahim-Ali-136?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Selcuk-University?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ibrahim-Ali-136?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Ahmed-295?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Ahmed-295?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Ahmed-295?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ibrahim-Ali-136?enrichId=rgreq-30277c7c2bbc1659449ff14362292fa8-XXX&enrichSource=Y292ZXJQYWdlOzM4NzQxOTQ4ODtBUzoxMTQzMTI4MTI5OTk0MDgyNUAxNzM1MTk4NzI0MDkz&el=1_x_10&_esc=publicationCoverPdf


    Volume 1 | Issue 2 | 1 Curr Res Env Sci Eco Letters, 2024

The Impact of Drought on Food Security in Somalia: A Comprehensive Review 
Review Article

Ali Hussein Ahmed1 and Ibrahim Isse Ali1,2*

*Corresponding Author
Ibrahim Isse Ali, Department of Agribusiness Management, faculty 
of agriculture, Zamzam University, Somalia and Department of Plant 
Protection, Faculty of Agriculture, Selçuk University, Turkey, and Faculty 
of Agriculture, Zamzam University, Somalia.

Submitted: 2024, Nov  22;  Accepted: 2024, Dec 18;  Published:   2024, Dec 24 

Citation: Ahmed, A. H., Ali, I. I.  (2024). The Impact of Drought on Food Security in Somalia: A Comprehensive Review. Curr 
Res Env Sci Eco Letters, 1(2), 01-09.

Abstract 
Drought is one of the primary contributors to food insecurity in developed and developing countries. Somalia, the most 
drought-prone country in East Africa, has faced chronic food insecurity and high levels of malnutrition since the 1970s. This 
comprehensive review examines how recurring droughts exacerbate food insecurity in the country by impacting its agricultural 
productivity sector. This analysis underscores the direct consequences of drought on food availability and access. The study 
employs secondary data from different data sets including FAO, World Bank, and SWALIM. In Somalia, droughts have severe 
implications for food security, particularly their impact on agricultural productivity and livestock health. The prolonged 
drought in Somalia in 2022 brought the country dangerously close to widespread famine. The latest data demonstrate that 
the food crisis in Somalia has escalated, with 3.7 million people, representing 22% of the population, facing high levels of 
acute food insecurity. In September 2022 alone, 68,393 people were displaced due to drought, representing a 31% decrease 
compared to August 2022. The regions that have seen the newest arrivals of displaced people are Bay (26%), Lower Juba (22%), 
Gedo (14%), Banadir (11%), and Bakool (11%). Nearly 2 million children are at risk of acute malnutrition. Additionally, 3.5 
million livestock deaths have devastated livelihoods and reduced access to vital food sources. Displacement due to drought 
has further compounded the crisis, with tens of thousands forced to flee their homes. This paper highlights the urgent need 
for sustainable solutions, emphasizing improved water management, climate-resilient agricultural practices, and robust early 
warning systems to mitigate these impacts and build resilience against future droughts.
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1. Introduction
Based on the definition of FAO, food security exists “when all 
people, at all times, have physical, social, and economic access 
to sufficient, safe, and nutritious food that meets their dietary 
needs and food preferences for an active and healthy life” 
[1]. Food security is a crucial worldwide challenge affecting 
modern populations and communities and is a top priority on the 
worldwide agenda for 2030 [2-4]. Global food security issues 
have gained attention recently due to the regular occurrence of 
wars, public security incidents, emerging infectious diseases, 
unsustainable agricultural practices, and climate change [5-
10]. Some of the major concerns about food security are 
the increasing global population, which is estimated to be 
approximately 10 billion by 2050, rising urbanization, pollution, 
land degradation, food loss and waste (FLW), and resource 
scarcity [11-17]. However, a 70% reduction in crop yield is the 
result of the negative impact of human-caused climate change on 
the growth and health of crops [18-21]. This presents a serious 
threat to global food security, leading millions of people—250 
million of them are children— to suffer from malnutrition due to 
a shortage of food [22]. In developing countries, the number of 
people suffering from malnutrition, food shortages, and hunger 

is increasing daily [23-25]. 

The death of an estimated 9 million people—3.1 million 
children—every year is caused by hunger and malnutrition. That 
represents more than the combined effects of AIDS, tuberculosis, 
and malaria and more than half of the deaths were children under 
the age of five, and one out of every four children has stunted 
growth [26-30]. Achieving food security globally is a complex 
challenge, but several key strategies can contribute to progress, 
such as promoting practices that are resilient to climate change 
and implementing techniques including cover cropping and 
no-till farming to improve soil fertility and prevent erosion, as 
well as reducing food loss and waste (FLW). These factors can 
enhance the four pillars of sustainable food security which are 
food availability, accessibility, utilization, and stability [31-35]. 
One of the most significant factors that disrupts food production, 
access, and distribution is drought [36,37]. 

Large-scale climatic variability causes drought, which is 
one of the hardest natural hazards, relates to short-term 
water availability, and it can’t be controlled with local water 
management, while water scarcity and climatic aridity are based 
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on long-term conditions, which can be influenced by water 
managers [38-40]. Drought can be defined as a state of water 
deficiency relative to normal conditions [41]. Droughts result 
when there are insufficient water resources—those in rivers, 
soils, aquifers, and reservoirs—to meet human or environmental 
demands [42,43]. As Figure 1 presents, four main categories 
negatively impact food security in developed and developing 
countries [44-47]. According to the United Nations Development 
Programme report for 2022, Switzerland, Germany, Australia, 
Denmark, Sweden, and Finland are some developed countries 
that are concerned about the increasing impacts of drought [48-
52]. While developing countries are struggling already with daily 
food cost challenges [53,54], drought is the biggest disruptor of 
food security, causing crop failures and limited food availability 
[45]. 

In sub-Saharan Africa, food insecurity is believed to be mostly 
caused by drought, impacting over 220 million people [55,56]. 
At least 36 million people in Ethiopia, Kenya, and Somalia 
are experiencing severe food insecurity as a result of the worst 
drought in 40 years [57]. In Somalia, repeated droughts have 
impacted livelihoods and the availability of food by causing 

widespread crop failures and livestock deaths. Somalia was on 
the brink of famine due to the 2016–2017 drought. This shock 
occurs in a vulnerable conflict environment marked by extreme 
poverty, persistent water scarcity, food insecurity, displacement, 
and intense interpersonal conflicts [58]. In this paper, we present 
a comprehensive analysis of the impact of drought on food 
security in Somalia, by evaluating the factors that contribute 
to food insecurity during droughts. We also assess the past and 
ongoing efforts to address food insecurity during droughts. 
Finally, we recommend immediate relief and long-term solutions 
that can eradicate food insecurity problems. 

1.1.  Global Droughts and their Challenges to Food Security 
Every year, there is a drought that comes suddenly, without regard 
to political, boundaries, or economic differences. Its effects are 
wide-ranging and include transportation, forestry, energy, water 
resources, recreation, transit, food supply and demand, and other 
resources in addition to agriculture [59]. Droughts are divided 
into four main categories which are meteorological drought, 
agricultural drought, hydrological drought, and socio-economic 
drought [46,60,61]. 

Every year, there is a drought that comes suddenly, without regard to political, boundaries, or 

economic differences. Its effects are wide-ranging and include transportation, forestry, energy, 
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1. Meteorological drought refers to rather common when 
compared to others when there is a shortage of precipitation 
over a prolonged period. Extending this drought causes a 
deficiency in soil moisture, which leads to agricultural 
droughts [62-65]. 

2. Agricultural drought is a condition in which there is not 
enough rainfall or soil moisture throughout the growing 
season to support crop growth to maturity [66-68].

3. Hydrological drought refers to when there are reductions 
in water levels over time, including rivers, aquifers, and 
reservoirs, which results in a water supply limitation [69-
71].

4. A socio-economic drought occurs when the lack of water 
resources impacts output because water resources are 
inadequate to meet water demands for certain economic 
goods in different sectors, such as industries, transportation, 
tourism, and energy production, leading to shortages of 
goods and services [66,72-74]. Recently, some studies 
highlighted groundwater drought as the fifth category while 
most researchers do not consider it a separate category 

because it’s a result of the water shortage [60,75-77]. All 
these categories not only negatively affect the environment, 
water resources, agricultural production, ecosystems, 
socioeconomic sustainability, population displacement, 
social conflict, and human health but also cause several 
different derivative disasters including land desertification, 
drying rivers, increased sandstorms, land subsidence, and 
oasis reduction [64-78]. They can also lead to deteriorated 
water quality, diminished power generation, reduced range 
productivity, increased wildfires, and social conflicts among 
communities or nations [79-82]. 

Currently, the standardized runoff index (SRI) the Palmer 
drought severity index (PDSI) and the standardized precipitation 
index (SPI) are the most frequently used for drought indicators 
[83-85]. These traditional drought indices are mostly calculated 
using the long-term accumulation of drought-related data, such 
as temperature, evapotranspiration (ET), and precipitation (PPT), 
while the meteorological stations are suppliers of data about the 
drought. According to relative impact, the worst natural hazard 
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is considered to be drought [86]. This is due to its multi-faceted 
nature that impacts most societies, and its well-established 
cause-and-effect relationship with food security [36,87-89]. 
Droughts reduce crop yield and increase livestock mortality, 
leading to less food available and a reduction in dairy and meat 
products, which directly impacts food security globally [90,91]. 

Drought causes huge losses in many developed and developing 
countries in various sectors, particularly in agriculture [92-94]. 
The 42 agricultural countries with the highest ranking have 
suffered losses from drought since 2001, with a $930 billion 

estimation [95]. From 1980-2008, Drought killed 0.5 billion 
people (0.3 billion in Ethiopia) and affected 1.5 billion people 
(0.3 billion in India) worldwide [96]. For instance, the average 
annual impact of the drought on crop and pasture results in 
the United States of America, a nation with highly developed 
agricultural technology, is estimated to be $6 billion [97,98]. 
As Table 1 illustrates, in 2020–2023, in the USA, drought, 
heatwave, and wildfire caused $93.4 billion in damage costs 
and killed more than 800 people across the South, Central, and 
Midwest.

Year Disasters States affected          Damages Cost (bill $)   Death (#)
2023 Drought /Heatwave Southern/Midwestern Agriculture 14.6 247
2023 Wildfire TX, LA, OK, KS, IL, MO, NE, 

HA  
Agriculture 5.6                  100

2022 Drought /Heatwave  Western/Central  Agriculture/
Industries

23.1 136 

2022 Wildfire Western   Structures 3.3 17
2021 Drought/Heatwave   Western  Agriculture 10.0 229 
2021 Wildfire Western  Structures 11.9              8
2020 Drought/Heatwave   Western/Central     Agriculture 5.3 45
2020 Wildfire Western- California, Oregon, 

and Washington
Structures    19.6               46

Table 1: U.S. Billion-Dollar Drought and Fire Disaster from 2020 to 2023 [99]

Drought is plaguing agriculture worldwide in numerous 
countries, causing concerns with food security, particularly in 
developing nations. Millions of people in Africa suffered from 
drought between 1981 and 2010, which resulted in 500 thousand 
deaths [100]. In 2010, the Food and Agriculture Organization 
(FAO) estimated that 925 million people in Africa were facing 
famine; 239 million people in sub-Saharan Africa were facing 
starvation, in 2012, and there are no encouraging signs that this 
situation would improve in the future [101].

Rising food demands and environmental pressures are major 
challenges confronting societies globally, prompting new 
research into how drought affects food production [102]. Sub-
Saharan Africa has seen numerous instances of food insecurity, 
some of which have reached disastrous levels. Rising food prices 
and food riots are key indicators of the ongoing food crisis and 
insecurity in the region [103]. Numerous intense and extended 
droughts have been documented in recent history, including the 
1999-2002 drought in Northwest Africa, droughts in Western 
Africa (Sahel) during the 1970s and 1980s, the 2010-2011 
drought in Eastern Africa (Horn of Africa), and the 2001-2003 
drought in Southern and Southeastern Africa, among others 
[104]. Agriculture and drought are closely interconnected in 
East Africa (EA), with approximately 40% of the region's Gross 
Domestic Product (GDP) derived from agriculture [105]. Water 
shortages pose a significant global threat, yet their effects are 
particularly severe in Africa, and even more so in Sub-Saharan 
Africa [106]. Across Somalia, Kenya, and Ethiopia, an estimated 
36.1 million people are severely affected by an ongoing drought. 
This prolonged drought, characterized by four consecutive 

failed rainy seasons, has led to extreme levels of food insecurity, 
starvation, and disease for the affected communities in these 
three countries [107].

1.2. Drought Impacts on Somali Food Security
Droughts have become increasingly frequent and severe, and the 
areas they affect are expected to expand. Drought is the primary 
cause of severe food shortages [108]. Somalia, the most drought-
prone country in East Africa, has faced chronic food insecurity 
and high levels of malnutrition since the 1970s [109]. Droughts in 
Somalia have severe implications for food security, particularly 
their impact on agricultural productivity and livestock health. 
According to Pape and Wollburg, the severe drought of 2016/17 
in Somalia exacerbated poverty and hunger significantly in rural 
areas, affecting agricultural households the most. The prolonged 
drought in Somalia in 2022 brought the country dangerously 
close to widespread famine [110]. the latest data, demonstrate 
that the food crisis in Somalia has escalated, with 3.7 million 
people, representing 22% of the population, facing high levels 
of acute food insecurity [111]. In September 2022 alone, 68,393 
people were displaced due to drought, representing a 31% 
decrease compared to August 2022. The regions that have seen 
the newest arrivals of displaced people are Bay (26%), Lower 
Juba (22%), Gedo (14%), Banadir (11%), and Bakool (11%) 
[112]. The food crisis in Somalia is far from over and is growing 
more severe. Nearly 2 million children are at risk of acute 
malnutrition. Additionally, at least 3.5 million livestock have 
died, devastating the livelihoods of many Somalis and reducing 
children's access to vital food sources like milk and meat. Given 
these dire circumstances, there are serious concerns about the 
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potential for famine in Somalia [113]. 

Droughts have become increasingly frequent and severe, and the areas they affect are 

expected to expand. Drought is the primary cause of severe food shortages [108]. Somalia, the 
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of malnutrition since the 1970s [109]. Droughts in Somalia have severe implications for food 
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Figure 2. Drought Conditions Map [114] 
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These droughts led to lower consumption and increased poverty 
rates, highlighting the critical need for investing in resilience 
among vulnerable rural communities [115]. Other studies 
highlight various aspects of how drought affects food security 
in Somalia. For instance, the ongoing historic droughts, which 
followed several consecutive failed rainy seasons up to 2022, 
have led to mass displacement, widespread death of livestock, 
and a devastating food crisis. This situation is further aggravated 
by persistent conflict and global economic shocks, severely 
undermining the water and food security in the region [116]. 
Additionally, the nutritional surveys conducted in southern 
Somalia in 2011 assessed the impact of drought combined 
with insecurity, showing increased malnutrition rates due to 
crop failures, livestock mortality, and rising cereal prices. This 
comprehensive analysis underscores the direct consequences of 
drought on food availability and access [117]. The worsening 
drought situation in Somalia has led to a severe humanitarian 
crisis in the country. The lack of rainfall has resulted in 
widespread water and food shortages, negatively impacting 
the lives of many Somalis. This crisis is deepening with each 
passing day, and urgent action is needed to address the growing 

humanitarian needs of the affected population [118]. The Somali 
Region has experienced a series of droughts since 1999/2000, 
with some areas facing three or more years of below-average 
rainfall. 

Food security is essential to prevent famine, which has 
historically been one of the biggest challenges facing small 
agricultural countries. Most nations rely heavily on agricultural 
products and related industries as their primary source of 
income. The recurrence of severe droughts in the Somali Region 
has therefore had a profoundly destabilizing effect on the local 
economy and food supply, threatening the livelihoods and well-
being of vulnerable populations who depend on these resources 
[119]. The combined effects of the drought on agriculture, 
including rising food and water prices, as well as the disruption 
to people's livelihoods, have significantly increased levels of 
food insecurity across Somalia. The cascading impacts of the 
drought on the agricultural sector and broader economy have 
contributed to a worsening humanitarian crisis, leaving many 
Somali households and communities struggling to access 
sufficient, nutritious food [120].
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BANADIR REGION BAY REGION SOMALIA Reference
Total population (2022) 2.87 million 1.28 million 16.95 million [122]
Total number of drought-
affected people (Jul 2022)

1 million 703,000 7.8 million (47% of the 
total) 

[123]

The proportion of drought-
affected people (Jul 2022)

40% 67% 47% [123]

Total number of people 
facing acute food insecurity 
– Crisis (IPC Phase 3) 
or worse (Jan–Mar 2023 
projections)

Approximately 926,330 Approximately 1.07 
million 

Approximately 6.36 
million 

[124]

The proportion of the 
population facing acute food 
insecurity – IPC 3 or worse 
(Jan–Mar 2023 projections)

32% 83% 37% [124]

People experiencing global 
acute malnutrition (Aug 
2022 to Jul 2023 projections)

383,460 214,990 1,785,710 [122]

The proportion of acutely 
malnourished population 
under five (Aug 2022 to Jul 
2023 projections)

69% 98% 54% [122]

Absolute poverty rate, 2021 71% 71% 69% [125]
People internally displaced 
by drought who departed 
from the region as of 
12/2022

305,000 170,000 1.35 million [126,127]

People internally displaced 
by drought who arrived in 
the region as of 12/2022

3,000 321,000 

The main source of 
livelihood

Sale of crops, 
agricultural labor, self-
employment 

Agricultural labor, 
pastoralism 

Agro-pastoralism [128,129]

Table 2: Number of People Affected by Drought of Benadir and Bay Regions [121]

2. Conclusion
Food insecurity, exacerbated by recurrent droughts, is 
highly evident in the country, and its impacts have been well 
documented. Beyond its immediate impact on health and 
well-being, food insecurity is linked to broader psychosocial 
consequences, diminished academic performance, and impaired 
social skill development [130]. Recurring droughts are the 
primary driver of this crisis, as they severely disrupt agricultural 
production, resulting in food shortages and a lack of availability, 
ultimately threatening the region's overall food security. The 
cyclical nature of the droughts and their direct contribution 
to famine conditions is a major driver of the persistent food 
insecurity challenges. Addressing these challenges through 
improved water management, the adoption of drought-
resistant agricultural practices, and other resilience-building 
measures is crucial for enhancing long-term food security. Such 
interventions can also positively influence social, educational, 
and developmental outcomes for the population. This paper has 
demonstrated the critical impacts of drought on Somalia's food 
security, providing a comprehensive understanding of the issue 

and its far-reaching implications. Further studies are encouraged 
to explore these effects in greater detail and to identify effective 
solutions to mitigate the ongoing crisis.

References
1. FAO, "Food and Agriculture Organization of the United 

Nations. Rome, FAO.," 2002.
2. Mechiche-Alami, A., Yagoubi, J., & Nicholas, K. A. (2021). 

Agricultural land acquisitions unlikely to address the food 
security needs of African countries. World Development, 
141, 105384.

3. Nationals, U. (2015). Sustainable development goals. New 
York: United Nations. 

4. Van Dijk, M., & Meijerink, G. W. (2014). A review of global 
food security scenario and assessment studies: Results, gaps 
and research priorities. Global Food Security, 3(3-4), 227-
238.

5. Leal Filho, W., Fedoruk, M., Paulino Pires Eustachio, J. 
H., Barbir, J., Lisovska, T., Lingos, A., & Baars, C. (2023). 
How the war in Ukraine affects food security. Foods, 

https://doi.org/10.1016/j.worlddev.2020.105384
https://doi.org/10.1016/j.worlddev.2020.105384
https://doi.org/10.1016/j.worlddev.2020.105384
https://doi.org/10.1016/j.worlddev.2020.105384
https://sustainabledevelopment.un.org/,%22 2016.
https://sustainabledevelopment.un.org/,%22 2016.
https://doi.org/10.1016/j.gfs.2014.09.004
https://doi.org/10.1016/j.gfs.2014.09.004
https://doi.org/10.1016/j.gfs.2014.09.004
https://doi.org/10.1016/j.gfs.2014.09.004
https://doi.org/10.3390/foods12213996
https://doi.org/10.3390/foods12213996
https://doi.org/10.3390/foods12213996


    Volume 1 | Issue 2 | 6 Curr Res Env Sci Eco Letters, 2024

12(21), 3996.
6. Lin, T. K., Kafri, R., Hammoudeh, W., Mitwalli, S., 

Jamaluddine, Z., Ghattas, H., ... & Leone, T. (2022). 
Pathways to food insecurity in the context of conflict: the 
case of the occupied Palestinian territory. Conflict and 
Health, 16(1), 38.

7. Kulkarni, A., Wang, Y., Gopinath, M., Sobien, D., Rahman, 
A., & Batarseh, F. A. (2024). A Review of Cybersecurity 
Incidents in the Food and Agriculture Sector. arXiv preprint 
arXiv:2403.08036.

8. Bilan, Y., Vysochyna, A., Vasylieva, T., Grytsyshen, D., 
& Smutka, L. (2023). Impact of coronavirus disease 
(COVID-19) on food security: bibliometric analysis and 
empirical evidence. Frontiers in Sustainable Food Systems, 
7, 1126454.

9. Trivellone, V., Hoberg, E. P., Boeger, W. A., & Brooks, D. 
R. (2022). Food security and emerging infectious disease: 
risk assessment and risk management. Royal Society open 
science, 9(2), 211687.

10. Mirzabaev, A., Kerr, R. B., Hasegawa, T., Pradhan, P., 
Wreford, A., von der Pahlen, M. C. T., & Gurney-Smith, 
H. (2023). Severe climate change risks to food security and 
nutrition. Climate Risk Management, 39, 100473.

11. Armanda, D. T., Guinée, J. B., & Tukker, A. (2019). The 
second green revolution: Innovative urban agriculture's 
contribution to food security and sustainability–A review. 
Global Food Security, 22, 13-24.

12. Fanzo, J., Covic, N., Dobermann, A., Henson, S., Herrero, 
M., Pingali, P., & Staal, S. (2020). A research vision for 
food systems in the 2020s: defying the status quo. Global 
food security, 26, 100397.

13. Miladinov, G. (2023). Impacts of population growth and 
economic development on food security in low-income and 
middle-income countries. Frontiers in Human Dynamics, 5, 
1121662.

14. Gomiero, T. (2016). Soil degradation, land scarcity and food 
security: Reviewing a complex challenge. Sustainability, 
8(3), 281.

15. Santeramo, F. G., & Lamonaca, E. (2021). Food loss–food 
waste–food security: a new research agenda. Sustainability, 
13(9), 4642.

16. Sun, F., Yun, D. A. I., & Yu, X. (2017). Air pollution, food 
production and food security: A review from the perspective 
of food system. Journal of integrative agriculture, 16(12), 
2945-2962.

17. Irfeey, A. M. M., Najim, M. M., Alotaibi, B. A., & Traore, 
A. (2023). Groundwater Pollution Impact on Food Security. 
Sustainability, 15(5), 4202.

18. Ma, Y., Dias, M. C., & Freitas, H. (2020). Drought and 
salinity stress responses and microbe-induced tolerance in 
plants. Frontiers in plant science, 11, 591911.

19. Singh, R. P., Ma, Y., & Shadan, A. (2022). Perspective of 
ACC-deaminase producing bacteria in stress agriculture. 
Journal of Biotechnology, 352, 36-46.

20. Lutz, W., & Kc, S. (2010). Dimensions of global population 
projections: what do we know about future population 
trends and structures?. Philosophical Transactions of the 
Royal Society B: Biological Sciences, 365(1554), 2779-

2791.
21. Raza, A., Razzaq, A., Mehmood, S. S., Zou, X., Zhang, X., 

Lv, Y., & Xu, J. (2019). Impact of climate change on crops 
adaptation and strategies to tackle its outcome: A review. 
Plants, 8(2), 34.

22. Seppelt, R., Klotz, S., Peiter, E., & Volk, M. (2022). 
Agriculture and food security under a changing climate: An 
underestimated challenge. Iscience, 25(12).

23. Rahaman, A., Kumari, A., Zeng, X. A., Khalifa, I., Farooq, 
M. A., Singh, N., ... & Aadil, R. M. (2021). The increasing 
hunger concern and current need in the development of 
sustainable food security in the developing countries. 
Trends in Food Science & Technology, 113, 423-429.

24. Fujimori, S., Hasegawa, T., Krey, V., Riahi, K., Bertram, C., 
Bodirsky, B. L., ... & van Vuuren, D. (2019). A multi-model 
assessment of food security implications of climate change 
mitigation. Nature Sustainability, 2(5), 386-396.

25. Bozsik, N., Cubillos T, J. P., Stalbek, B., Vasa, L., & Magda, 
R. (2022). Food security management in developing 
countries: Influence of economic factors on their food 
availability and access. PloS one, 17(7), e0271696.

26. c. World, "The world counts. (2022). people die from 
hunger each year. 

27. J. Holmes, "Speaking to our Common Humanity... 60 Years 
of the Universal Declaration of Human Rights," vol. Vol. 
XLV, Nos. 2-3., 2008.

28. J. Edward W. Scott, "The MDGs: Are We on Track? ," vol. 
Vol. XLIV, No. 4, 2007.

29. CIA, "Children under the age of 5 years underweight. 
30. FAO, "How close we are to zero Hunger. 
31. Durán-Sandoval, D., Durán-Romero, G., & López, A. M. 

(2021). Achieving the food security strategy by quantifying 
food loss and waste. A case study of the chinese economy. 
Sustainability, 13(21), 12259. 

32. Amhamed, A., Genidi, N., Abotaleb, A., Sodiq, A., 
Abdullatif, Y., Hushari, M., & Al-Kuwari, M. (2023). 
Food security strategy to enhance food self-sufficiency and 
overcome international food supply chain crisis: the state 
of Qatar as a case study. Green Technology, Resilience, and 
Sustainability, 3(1), 3.

33. Swaminathan, M. S., & Bhavani, R. V. (2013). Food 
production & availability-Essential prerequisites for 
sustainable food security. Indian Journal of Medical 
Research, 138(3), 383-391.

34. Charlton, K. E. (2016). Food security, food systems and food 
sovereignty in the 21st century: A new paradigm required to 
meet Sustainable Development Goals.

35. Gomez-Zavaglia, A., Mejuto, J. C., & Simal-Gandara, J. 
(2020). Mitigation of emerging implications of climate 
change on food production systems. Food Research 
International, 134, 109256.

36. Ngcamu, B. S., & Chari, F. (2020). Drought influences on 
food insecurity in Africa: a systematic literature review. 
International Journal of Environmental Research and 
Public Health, 17(16), 5897.

37. Orimoloye, I. R. (2022). Agricultural drought and its 
potential impacts: enabling decision-support for food 
security in vulnerable regions. Frontiers in Sustainable 

https://doi.org/10.3390/foods12213996
https://doi.org/10.1186/s13031-022-00470-0
https://doi.org/10.1186/s13031-022-00470-0
https://doi.org/10.1186/s13031-022-00470-0
https://doi.org/10.1186/s13031-022-00470-0
https://doi.org/10.1186/s13031-022-00470-0
https://doi.org/10.48550/arXiv.2403.08036
https://doi.org/10.48550/arXiv.2403.08036
https://doi.org/10.48550/arXiv.2403.08036
https://doi.org/10.48550/arXiv.2403.08036
https://doi.org/10.3389/fsufs.2023.1126454
https://doi.org/10.3389/fsufs.2023.1126454
https://doi.org/10.3389/fsufs.2023.1126454
https://doi.org/10.3389/fsufs.2023.1126454
https://doi.org/10.3389/fsufs.2023.1126454
https://doi.org/10.1098/rsos.211687
https://doi.org/10.1098/rsos.211687
https://doi.org/10.1098/rsos.211687
https://doi.org/10.1098/rsos.211687
https://doi.org/10.1016/j.crm.2022.100473
https://doi.org/10.1016/j.crm.2022.100473
https://doi.org/10.1016/j.crm.2022.100473
https://doi.org/10.1016/j.crm.2022.100473
https://doi.org/10.1016/j.gfs.2019.08.002
https://doi.org/10.1016/j.gfs.2019.08.002
https://doi.org/10.1016/j.gfs.2019.08.002
https://doi.org/10.1016/j.gfs.2019.08.002
https://doi.org/10.1016/j.gfs.2020.100397
https://doi.org/10.1016/j.gfs.2020.100397
https://doi.org/10.1016/j.gfs.2020.100397
https://doi.org/10.1016/j.gfs.2020.100397
https://doi.org/10.3389/fhumd.2023.1121662
https://doi.org/10.3389/fhumd.2023.1121662
https://doi.org/10.3389/fhumd.2023.1121662
https://doi.org/10.3389/fhumd.2023.1121662
https://doi.org/10.3390/su8030281
https://doi.org/10.3390/su8030281
https://doi.org/10.3390/su8030281
https://doi.org/10.3390/su13094642
https://doi.org/10.3390/su13094642
https://doi.org/10.3390/su13094642
https://doi.org/10.1016/S2095-3119(17)61814-8
https://doi.org/10.1016/S2095-3119(17)61814-8
https://doi.org/10.1016/S2095-3119(17)61814-8
https://doi.org/10.1016/S2095-3119(17)61814-8
https://doi.org/10.3390/su15054202
https://doi.org/10.3390/su15054202
https://doi.org/10.3390/su15054202
https://doi.org/10.3389/fpls.2020.591911
https://doi.org/10.3389/fpls.2020.591911
https://doi.org/10.3389/fpls.2020.591911
https://doi.org/10.1016/j.jbiotec.2022.05.002
https://doi.org/10.1016/j.jbiotec.2022.05.002
https://doi.org/10.1016/j.jbiotec.2022.05.002
https://doi.org/10.1098/rstb.2010.0133
https://doi.org/10.1098/rstb.2010.0133
https://doi.org/10.1098/rstb.2010.0133
https://doi.org/10.1098/rstb.2010.0133
https://doi.org/10.1098/rstb.2010.0133
https://doi.org/10.3390/plants8020034
https://doi.org/10.3390/plants8020034
https://doi.org/10.3390/plants8020034
https://doi.org/10.3390/plants8020034
https://doi.org/10.1016/j.isci.2022.105551
https://doi.org/10.1016/j.isci.2022.105551
https://doi.org/10.1016/j.isci.2022.105551
https://doi.org/10.1016/j.tifs.2021.04.048
https://doi.org/10.1016/j.tifs.2021.04.048
https://doi.org/10.1016/j.tifs.2021.04.048
https://doi.org/10.1016/j.tifs.2021.04.048
https://doi.org/10.1016/j.tifs.2021.04.048
file://F:\opast pdf\chandrasekhar\CRESEL\2024\Jan\CRESEL-24-37\Fujimori, S., Hasegawa, T., Krey, V., Riahi, K., Bertram, C., Bodirsky, B. L., ... & van Vuuren, D. (2019). A multi-model assessment of food security implications of climate change mitigation. Nature Sustainability, 2(5), 386-396.
file://F:\opast pdf\chandrasekhar\CRESEL\2024\Jan\CRESEL-24-37\Fujimori, S., Hasegawa, T., Krey, V., Riahi, K., Bertram, C., Bodirsky, B. L., ... & van Vuuren, D. (2019). A multi-model assessment of food security implications of climate change mitigation. Nature Sustainability, 2(5), 386-396.
file://F:\opast pdf\chandrasekhar\CRESEL\2024\Jan\CRESEL-24-37\Fujimori, S., Hasegawa, T., Krey, V., Riahi, K., Bertram, C., Bodirsky, B. L., ... & van Vuuren, D. (2019). A multi-model assessment of food security implications of climate change mitigation. Nature Sustainability, 2(5), 386-396.
file://F:\opast pdf\chandrasekhar\CRESEL\2024\Jan\CRESEL-24-37\Fujimori, S., Hasegawa, T., Krey, V., Riahi, K., Bertram, C., Bodirsky, B. L., ... & van Vuuren, D. (2019). A multi-model assessment of food security implications of climate change mitigation. Nature Sustainability, 2(5), 386-396.
https://doi.org/10.1371/journal.pone.0271696
https://doi.org/10.1371/journal.pone.0271696
https://doi.org/10.1371/journal.pone.0271696
https://doi.org/10.1371/journal.pone.0271696
https://www.theworldcounts.com/challenges/people-and-poverty/hunger-and-obesity/how-many-people-die-from-hunger-each-year.,%22 2022.
https://www.theworldcounts.com/challenges/people-and-poverty/hunger-and-obesity/how-many-people-die-from-hunger-each-year.,%22 2022.
https://www.cia.gov/the-world-factbook/field/children-under-the-age-of-5-years-underweight/.%22 2017.
https://www.fao.org/state-of-food-security-nutrition/2021/en/.%22 2017.
https://doi.org/10.3390/su132112259
https://doi.org/10.3390/su132112259
https://doi.org/10.3390/su132112259
https://doi.org/10.3390/su132112259
https://doi.org/10.1007/s44173-023-00012-8
https://doi.org/10.1007/s44173-023-00012-8
https://doi.org/10.1007/s44173-023-00012-8
https://doi.org/10.1007/s44173-023-00012-8
https://doi.org/10.1007/s44173-023-00012-8
https://doi.org/10.1007/s44173-023-00012-8
https://journals.lww.com/ijmr/fulltext/2013/38030/Food_production___availability___Essential.21.aspx
https://journals.lww.com/ijmr/fulltext/2013/38030/Food_production___availability___Essential.21.aspx
https://journals.lww.com/ijmr/fulltext/2013/38030/Food_production___availability___Essential.21.aspx
https://journals.lww.com/ijmr/fulltext/2013/38030/Food_production___availability___Essential.21.aspx
https://doi.org/10.1111/1747-0080.12264
https://doi.org/10.1111/1747-0080.12264
https://doi.org/10.1111/1747-0080.12264
https://doi.org/10.1016/j.foodres.2020.109256
https://doi.org/10.1016/j.foodres.2020.109256
https://doi.org/10.1016/j.foodres.2020.109256
https://doi.org/10.1016/j.foodres.2020.109256
https://doi.org/10.3390/ijerph17165897
https://doi.org/10.3390/ijerph17165897
https://doi.org/10.3390/ijerph17165897
https://doi.org/10.3390/ijerph17165897
https://doi.org/10.3389/fsufs.2022.838824
https://doi.org/10.3389/fsufs.2022.838824
https://doi.org/10.3389/fsufs.2022.838824


    Volume 1 | Issue 2 | 7 Curr Res Env Sci Eco Letters, 2024

Food Systems, 6, 838824.
38. Van Loon, A. F., & Van Lanen, H. A. (2013). Making 

the distinction between water scarcity and drought using 
an observation‐modeling framework. Water Resources 
Research, 49(3), 1483-1502.

39. Pedro-Monzonís, M., Solera, A., Ferrer, J., Estrela, T., & 
Paredes-Arquiola, J. (2015). A review of water scarcity 
and drought indexes in water resources planning and 
management. Journal of Hydrology, 527, 482-493.

40. Vicente-Serrano, S. M., Peña-Angulo, D., Beguería, S., 
Domínguez-Castro, F., Tomás-Burguera, M., Noguera, 
I., ... & El Kenawy, A. (2022). Global drought trends and 
future projections. Philosophical Transactions of the Royal 
Society A, 380(2238), 20210285.

41. Sheffield, J., & Wood, E. F. (2012). Drought: past problems 
and future scenarios. Routledge.

42. Kchouk, S., Melsen, L. A., Walker, D. W., & van Oel, P. 
R. (2021). A review of drought indices: predominance of 
drivers over impacts and the importance of local context. 
Natural Hazards and Earth System Sciences Discussions, 
2021, 1-28.

43. Bhaga, T. D., Dube, T., Shekede, M. D., & Shoko, C. (2020). 
Impacts of climate variability and drought on surface water 
resources in Sub-Saharan Africa using remote sensing: A 
review. Remote Sensing, 12(24), 4184.

44. Trenberth, K. E., Dai, A., Van Der Schrier, G., Jones, P. D., 
Barichivich, J., Briffa, K. R., & Sheffield, J. (2014). Global 
warming and changes in drought. Nature Climate Change, 
4(1), 17-22. 

45. FAO., "Drought‐related food insecurity: A focus on the 
Horn of Africa. 

46. Wilhite, D. A., Svoboda, M. D., & Hayes, M. J. (2007). 
Understanding the complex impacts of drought: A key to 
enhancing drought mitigation and preparedness. Water 
resources management, 21, 763-774.

47. Austin, K. F., Noble, M. D., & Berndt, V. K. (2021). Drying 
climates and gendered suffering: links between drought, 
food insecurity, and women’s HIV in less-developed 
countries. Social indicators research, 154(1), 313-334.

48. UNDP, "Countries with the Highest Human Development 
Index. 

49. Schuldt, B., Buras, A., Arend, M., Vitasse, Y., Beierkuhnlein, 
C., Damm, A., ... & Kahmen, A. (2020). A first assessment of 
the impact of the extreme 2018 summer drought on Central 
European forests. Basic and Applied Ecology, 45, 86-103.

50. Fleming‐Muñoz, D. A., Whitten, S., & Bonnett, G. D. 
(2023). The economics of drought: A review of impacts 
and costs. Australian Journal of Agricultural and Resource 
Economics, 67(4), 501-523.

51. Skoglund, M. K. (2024). The impact of drought on northern 
European pre-industrial agriculture. The Holocene, 34(1), 
120-135.

52. Veijalainen, N., Ahopelto, L., Marttunen, M., Jääskeläinen, 
J., Britschgi, R., Orvomaa, M., ... & Keskinen, M. 
(2019). Severe drought in Finland: modeling effects on 
water resources and assessing climate change impacts. 
Sustainability, 11(8), 2450.

53. Brinkman, H. J., De Pee, S., Sanogo, I., Subran, L., & 

Bloem, M. W. (2010). High food prices and the global 
financial crisis have reduced access to nutritious food and 
worsened nutritional status and health. The Journal of 
nutrition, 140(1), 153S-161S.

54. Grimm, M. (2011). Does household income matter for 
children’s schooling? Evidence for rural Sub-Saharan 
Africa. Economics of Education Review, 30(4), 740-754.

55. Shiferaw, B., Tesfaye, K., Kassie, M., Abate, T., Prasanna, 
B. M., & Menkir, A. (2014). Managing vulnerability to 
drought and enhancing livelihood resilience in sub-Saharan 
Africa: Technological, institutional and policy options. 
Weather and climate extremes, 3, 67-79.

56. Williams, A. P., & Funk, C. (2011). A westward extension of 
the warm pool leads to a westward extension of the Walker 
circulation, drying eastern Africa. Climate Dynamics, 37, 
2417-2435.

57. B. o. World, Enhancing Food and Nutrition Security in the 
Sahel and Horn of Africa. 2024.

58. UNDP, Somalia Drought Impact & Needs Assessment. 
59. Vicente-Serrano, S. M., Quiring, S. M., Peña-Gallardo, 

M., Yuan, S., & Domínguez-Castro, F. (2020). A review 
of environmental droughts: Increased risk under global 
warming? Earth-Science Reviews, 201, 102953.

60. Mishra, A. K., & Singh, V. P. (2010). A review of drought 
concepts. Journal of hydrology, 391(1-2), 202-216.

61. Guo, Y., Huang, S., Huang, Q., Leng, G., Fang, W., 
Wang, L., & Wang, H. (2020). Propagation thresholds of 
meteorological drought for triggering hydrological drought 
at various levels. Science of the Total Environment, 712, 
136502.

62. Sun, P., Liu, R., Yao, R., Shen, H., & Bian, Y. (2023). 
Responses of agricultural drought to meteorological drought 
under different climatic zones and vegetation types. Journal 
of Hydrology, 619, 129305.

63. Raposo, V. D. M. B., Costa, V. A. F., & Rodrigues, A. F. 
(2023). A review of recent developments on drought 
characterization, propagation, and influential factors. 
Science of the Total Environment, 165550.

64. Park, S., Im, J., Park, S., & Rhee, J. (2017). Drought 
monitoring using high resolution soil moisture through 
multi-sensor satellite data fusion over the Korean peninsula. 
Agricultural and Forest Meteorology, 237, 257-269.

65. Botai, C. M., Botai, J. O., De Wit, J. P., Ncongwane, K. P., 
& Adeola, A. M. (2017). Drought characteristics over the 
western cape province, South Africa. Water, 9(11), 876.

66. Du, L., Tian, Q., Yu, T., Meng, Q., Jancso, T., Udvardy, P., 
& Huang, Y. (2013). A comprehensive drought monitoring 
method integrating MODIS and TRMM data. International 
Journal of Applied Earth Observation and Geoinformation, 
23, 245-253.

67. Jiao, W., Tian, C., Chang, Q., Novick, K. A., & Wang, L. 
(2019). A new multi-sensor integrated index for drought 
monitoring. Agricultural and forest meteorology, 268, 74-
85.

68. Liu, W., Ma, S., Feng, K., Gong, Y., Liang, L., & Tsubo, M. 
(2023). The Suitability Assessment of Agricultural Drought 
Monitoring Indices: A Case Study in Inland River Basin. 
Agronomy, 13(2), 469.

https://doi.org/10.3389/fsufs.2022.838824
https://doi.org/10.1002/wrcr.20147
https://doi.org/10.1002/wrcr.20147
https://doi.org/10.1002/wrcr.20147
https://doi.org/10.1002/wrcr.20147
https://doi.org/10.1016/j.jhydrol.2015.05.003
https://doi.org/10.1016/j.jhydrol.2015.05.003
https://doi.org/10.1016/j.jhydrol.2015.05.003
https://doi.org/10.1016/j.jhydrol.2015.05.003
https://doi.org/10.1098/rsta.2021.0285
https://doi.org/10.1098/rsta.2021.0285
https://doi.org/10.1098/rsta.2021.0285
https://doi.org/10.1098/rsta.2021.0285
https://doi.org/10.1098/rsta.2021.0285
https://doi.org/10.4324/9781849775250
https://doi.org/10.4324/9781849775250
https://doi.org/10.5194/nhess-22-323-2022
https://doi.org/10.5194/nhess-22-323-2022
https://doi.org/10.5194/nhess-22-323-2022
https://doi.org/10.5194/nhess-22-323-2022
https://doi.org/10.5194/nhess-22-323-2022
https://doi.org/10.3390/rs12244184
https://doi.org/10.3390/rs12244184
https://doi.org/10.3390/rs12244184
https://doi.org/10.3390/rs12244184
https://doi.org/10.1038/nclimate2067
https://doi.org/10.1038/nclimate2067
https://doi.org/10.1038/nclimate2067
https://doi.org/10.1038/nclimate2067
https://reliefweb.int/report/djibouti/drought%E2%80%90related-food-insecurity-focus-horn-africa,%22 2011.
https://reliefweb.int/report/djibouti/drought%E2%80%90related-food-insecurity-focus-horn-africa,%22 2011.
https://doi.org/10.1007/s11269-006-9076-5
https://doi.org/10.1007/s11269-006-9076-5
https://doi.org/10.1007/s11269-006-9076-5
https://doi.org/10.1007/s11269-006-9076-5
https://doi.org/10.1007/s11205-020-02562-x
https://doi.org/10.1007/s11205-020-02562-x
https://doi.org/10.1007/s11205-020-02562-x
https://doi.org/10.1007/s11205-020-02562-x
https://hdr.undp.org/.%22 2022.
https://hdr.undp.org/.%22 2022.
https://doi.org/10.1016/j.baae.2020.04.003
https://doi.org/10.1016/j.baae.2020.04.003
https://doi.org/10.1016/j.baae.2020.04.003
https://doi.org/10.1016/j.baae.2020.04.003
https://doi.org/10.1111/1467-8489.12527
https://doi.org/10.1111/1467-8489.12527
https://doi.org/10.1111/1467-8489.12527
https://doi.org/10.1111/1467-8489.12527
https://doi.org/10.1177/09596836231200431
https://doi.org/10.1177/09596836231200431
https://doi.org/10.1177/09596836231200431
https://doi.org/10.3390/su11082450
https://doi.org/10.3390/su11082450
https://doi.org/10.3390/su11082450
https://doi.org/10.3390/su11082450
https://doi.org/10.3390/su11082450
https://doi.org/10.3945/jn.109.110767
https://doi.org/10.3945/jn.109.110767
https://doi.org/10.3945/jn.109.110767
https://doi.org/10.3945/jn.109.110767
https://doi.org/10.3945/jn.109.110767
https://doi.org/10.1016/j.econedurev.2011.03.002
https://doi.org/10.1016/j.econedurev.2011.03.002
https://doi.org/10.1016/j.econedurev.2011.03.002
https://doi.org/10.1016/j.wace.2014.04.004
https://doi.org/10.1016/j.wace.2014.04.004
https://doi.org/10.1016/j.wace.2014.04.004
https://doi.org/10.1016/j.wace.2014.04.004
https://doi.org/10.1016/j.wace.2014.04.004
https://doi.org/10.1007/s00382-010-0984-y
https://doi.org/10.1007/s00382-010-0984-y
https://doi.org/10.1007/s00382-010-0984-y
https://doi.org/10.1007/s00382-010-0984-y
https://www.worldbank.org/en/results/2024/01/04/enhancing-food-and-nutrition-security-in-the-sahel-and-horn-of-afe-africa.
https://www.worldbank.org/en/results/2024/01/04/enhancing-food-and-nutrition-security-in-the-sahel-and-horn-of-afe-africa.
https://www.gfdrr.org/sites/default/files/publication/GSURR_Somalia DINA Report_Volume I_180116_Lowres_0.pdf,%22 2018, vol. volume 1.
https://doi.org/10.1016/j.earscirev.2019.102953
https://doi.org/10.1016/j.earscirev.2019.102953
https://doi.org/10.1016/j.earscirev.2019.102953
https://doi.org/10.1016/j.earscirev.2019.102953
https://doi.org/10.1016/j.jhydrol.2010.07.012
https://doi.org/10.1016/j.jhydrol.2010.07.012
https://doi.org/10.1016/j.scitotenv.2020.136502
https://doi.org/10.1016/j.scitotenv.2020.136502
https://doi.org/10.1016/j.scitotenv.2020.136502
https://doi.org/10.1016/j.scitotenv.2020.136502
https://doi.org/10.1016/j.scitotenv.2020.136502
https://doi.org/10.1016/j.jhydrol.2023.129305
https://doi.org/10.1016/j.jhydrol.2023.129305
https://doi.org/10.1016/j.jhydrol.2023.129305
https://doi.org/10.1016/j.jhydrol.2023.129305
https://doi.org/10.1016/j.scitotenv.2023.165550
https://doi.org/10.1016/j.scitotenv.2023.165550
https://doi.org/10.1016/j.scitotenv.2023.165550
https://doi.org/10.1016/j.scitotenv.2023.165550
https://doi.org/10.1016/j.agrformet.2017.02.022
https://doi.org/10.1016/j.agrformet.2017.02.022
https://doi.org/10.1016/j.agrformet.2017.02.022
https://doi.org/10.1016/j.agrformet.2017.02.022
https://doi.org/10.3390/w9110876
https://doi.org/10.3390/w9110876
https://doi.org/10.3390/w9110876
https://doi.org/10.1016/j.jag.2012.09.010
https://doi.org/10.1016/j.jag.2012.09.010
https://doi.org/10.1016/j.jag.2012.09.010
https://doi.org/10.1016/j.jag.2012.09.010
https://doi.org/10.1016/j.jag.2012.09.010
https://doi.org/10.1016/j.agrformet.2019.01.008
https://doi.org/10.1016/j.agrformet.2019.01.008
https://doi.org/10.1016/j.agrformet.2019.01.008
https://doi.org/10.1016/j.agrformet.2019.01.008
https://doi.org/10.3390/agronomy13020469
https://doi.org/10.3390/agronomy13020469
https://doi.org/10.3390/agronomy13020469
https://doi.org/10.3390/agronomy13020469


    Volume 1 | Issue 2 | 8 Curr Res Env Sci Eco Letters, 2024

69. Ma, M., Ren, L., Singh, V. P., Yuan, F., Chen, L., Yang, X., & 
Liu, Y. (2016). Hydrologic model-based Palmer indices for 
drought characterization in the Yellow River basin, China. 
Stochastic environmental research and risk assessment, 30, 
1401-1420.

70. Van Loon, A. F. (2015). Hydrological drought explained. 
Wiley Interdisciplinary Reviews: Water, 2(4), 359-392.

71. Wanders, N., Wada, Y., & Van Lanen, H. A. J. (2015). Global 
hydrological droughts in the 21st century under a changing 
hydrological regime. Earth System Dynamics, 6(1), 1-15.

72. Lee, J. W., Hong, E. M., Jang, W. J., & Kim, S. J. (2022). 
Assessment of socio-economic drought information using 
drought-related Internet news data (Part A: Socio-economic 
drought data construct and evaluation socio-economic 
drought information). International Journal of Disaster 
Risk Reduction, 75, 102961. 

73. Zhao, M., Huang, S., Huang, Q., Wang, H., Leng, G., & 
Xie, Y. (2019). Assessing socio-economic drought evolution 
characteristics and their possible meteorological driving 
force. Geomatics, Natural Hazards and Risk.

74. Magaña, V., Herrera, E., Ábrego-Góngora, C. J., & Ávalos, 
J. A. (2021). Socioeconomic drought in a mexican semi-arid 
city: Monterrey Metropolitan Area, a case study. Frontiers 
in Water, 3, 579564.

75. El Bouazzaoui, I., Lamhour, O., Ait Brahim, Y., Najmi, A., 
& Bougadir, B. (2024). Three Decades of Groundwater 
Drought Research: Evolution and Trends. Water, 16(5), 743.

76. Balacco, G., Alfio, M. R., & Fidelibus, M. D. (2022). 
Groundwater drought analysis under data scarcity: The case 
of the Salento aquifer (Italy). Sustainability, 14(2), 707.

77. Sutanto, S. J., Syaehuddin, W. A., & de Graaf, I. (2024). 
Hydrological drought forecasts using precipitation data 
depend on catchment properties and human activities. 
Communications Earth & Environment, 5(1), 118.

78. Friel, S., Berry, H., Dinh, H., O’Brien, L., & Walls, H. L. 
(2014). The impact of drought on the association between 
food security and mental health in a nationally representative 
Australian sample. BMC public health, 14, 1-11.

79. Yang, S., Zeng, A., Tigabu, M., Wang, G., Zhang, Z., Zhu, 
H., & Guo, F. (2023). Investigating drought events and their 
consequences in wildfires: an application in China. Fire, 
6(6), 223.

80. Chigusiwa, L., Kembo, G., & Kairiza, T. (2023). Drought 
and social conflict in rural Zimbabwe: Does the burden fall 
on women and girls?. Review of Development Economics, 
27(1), 178-197.

81. Unfried, K., Kis-Katos, K., & Poser, T. (2022). Water 
scarcity and social conflict. Journal of Environmental 
Economics and Management, 113, 102633.

82. Schillinger, J., Özerol, G., Güven‐Griemert, Ş., & Heldeweg, 
M. (2020). Water in war: Understanding the impacts of 
armed conflict on water resources and their management. 
Wiley Interdisciplinary Reviews: Water, 7(6), e1480.

83. Shukla, S., & Wood, A. W. (2008). Use of a standardized 
runoff index for characterizing hydrologic drought. 
Geophysical research letters, 35(2).

84. Wang, Z., Yang, Y., Zhang, C., Guo, H., & Hou, Y. (2022). 
Historical and future Palmer Drought Severity Index with 

improved hydrological modeling. Journal of Hydrology, 
610, 127941.

85. Cerpa Reyes, L. J., Ávila Rangel, H., & Herazo, L. C. 
S. (2022). Adjustment of the standardized precipitation 
index (SPI) for the evaluation of drought in the arroyo 
pechelín basin, Colombia, under zero monthly precipitation 
conditions. Atmosphere, 13(2), 236.

86. E. Bryant, Natural Hazards. Cambridge University Press, 
Cambridge., 1991.

87. UN, Disaster risk reduction capacity assessment report in 
Georgia. 2014. 

88. FAO, Drought Characteristics and Management in North 
Africa and the Near East. 

89. Carpena, F. (2019). How do droughts impact household 
food consumption and nutritional intake? A study of rural 
India. World Development, 122, 349-369.

90. Dietz, K. J., Zörb, C., & Geilfus, C. M. (2021). Drought and 
crop yield. Plant Biology, 23(6), 881-893.

91. Bahta, Y. T., & Myeki, V. A. (2022). The impact of 
agricultural drought on smallholder livestock farmers: 
Empirical evidence insights from Northern Cape, South 
Africa. Agriculture, 12(4), 442.

92. Cheng, X., Wang, Y., & Wu, X. (2022). The effects of 
drought on stock prices: An industry-specific perspective. 
Frontiers in Environmental Science, 10, 978404.

93. Grigoletto, J. C., Cabral, A. R., Bonfim, C. V., Rohlfs, D. 
B., Silva, E. L., Queiroz, F. B. D., ... & Magalhães, T. D. 
B. (2016). Management of health sector actions in drought 
situations. Ciência & Saúde Coletiva, 21, 709-718.

94. Mullapudi, A., Vibhute, A. D., Mali, S., & Patil, C. H. 
(2023). A review of agricultural drought assessment with 
remote sensing data: methods, issues, challenges and 
opportunities. Applied Geomatics, 15(1), 1-13.

95. EM-DAT., The international disaster database. 2011.
96. NCDC, 2011. Billion-dollar U.S. weather disasters. 2011.
97. Kogan, F., Popova, Z., Singh, R., & Alexandrova, P. (2018). 

Early forecasting corn yield using ground truth data and 
vegetation health indices in Bulgaria. Bulgar J Agricult Sci, 
24, 57-67.

98. CIA., The world factbook. 2017.
99. NOAA, U.S. Billion-Dollar Weather & Climate Disasters 

1980-2024. 2024.
100. Masih, I., Maskey, S., Mussá, F. E. F., & Trambauer, P. 

(2014). A review of droughts on the African continent: a 
geospatial and long-term perspective. Hydrology and earth 
system sciences, 18(9), 3635-3649.

101. Sasson, A. (2012). Food security for Africa: an urgent global 
challenge. Agriculture & Food Security, 1, 1-16.

102. Orimoloye, I. R. (2022). Agricultural drought and its 
potential impacts: enabling decision-support for food 
security in vulnerable regions. Frontiers in Sustainable 
Food Systems, 6, 838824.

103. Sasson, A. (2012). Food security for Africa: an urgent global 
challenge. Agriculture & Food Security, 1, 1-16.

104. Masih, I., Maskey, S., Mussá, F. E. F., & Trambauer, P. 
(2014). A review of droughts on the African continent: a 
geospatial and long-term perspective. Hydrology and earth 
system sciences, 18(9), 3635-3649.

https://doi.org/10.1007/s00477-015-1136-z
https://doi.org/10.1007/s00477-015-1136-z
https://doi.org/10.1007/s00477-015-1136-z
https://doi.org/10.1007/s00477-015-1136-z
https://doi.org/10.1007/s00477-015-1136-z
https://doi.org/10.1002/wat2.1085
https://doi.org/10.1002/wat2.1085
https://doi.org/10.5194/esd-6-1-2015
https://doi.org/10.5194/esd-6-1-2015
https://doi.org/10.5194/esd-6-1-2015
https://doi.org/10.1016/j.ijdrr.2022.102961
https://doi.org/10.1016/j.ijdrr.2022.102961
https://doi.org/10.1016/j.ijdrr.2022.102961
https://doi.org/10.1016/j.ijdrr.2022.102961
https://doi.org/10.1016/j.ijdrr.2022.102961
https://doi.org/10.1016/j.ijdrr.2022.102961
https://doi.org/10.1080/19475705.2018.1564706
https://doi.org/10.1080/19475705.2018.1564706
https://doi.org/10.1080/19475705.2018.1564706
https://doi.org/10.1080/19475705.2018.1564706
https://doi.org/10.3389/frwa.2021.579564
https://doi.org/10.3389/frwa.2021.579564
https://doi.org/10.3389/frwa.2021.579564
https://doi.org/10.3389/frwa.2021.579564
https://doi.org/10.3390/w16050743
https://doi.org/10.3390/w16050743
https://doi.org/10.3390/w16050743
https://doi.org/10.3390/su14020707
https://doi.org/10.3390/su14020707
https://doi.org/10.3390/su14020707
https://doi.org/10.1038/s43247-024-01295-w
https://doi.org/10.1038/s43247-024-01295-w
https://doi.org/10.1038/s43247-024-01295-w
https://doi.org/10.1038/s43247-024-01295-w
https://doi.org/10.1186/1471-2458-14-1102
https://doi.org/10.1186/1471-2458-14-1102
https://doi.org/10.1186/1471-2458-14-1102
https://doi.org/10.1186/1471-2458-14-1102
https://doi.org/10.3390/fire6060223
https://doi.org/10.3390/fire6060223
https://doi.org/10.3390/fire6060223
https://doi.org/10.3390/fire6060223
https://doi.org/10.1111/rode.12944
https://doi.org/10.1111/rode.12944
https://doi.org/10.1111/rode.12944
https://doi.org/10.1111/rode.12944
https://doi.org/10.1016/j.jeem.2022.102633
https://doi.org/10.1016/j.jeem.2022.102633
https://doi.org/10.1016/j.jeem.2022.102633
https://doi.org/10.1002/wat2.1480
https://doi.org/10.1002/wat2.1480
https://doi.org/10.1002/wat2.1480
https://doi.org/10.1002/wat2.1480
https://doi.org/10.1029/2007GL032487
https://doi.org/10.1029/2007GL032487
https://doi.org/10.1029/2007GL032487
https://doi.org/10.1016/j.jhydrol.2022.127941
https://doi.org/10.1016/j.jhydrol.2022.127941
https://doi.org/10.1016/j.jhydrol.2022.127941
https://doi.org/10.1016/j.jhydrol.2022.127941
https://doi.org/10.3390/atmos13020236
https://doi.org/10.3390/atmos13020236
https://doi.org/10.3390/atmos13020236
https://doi.org/10.3390/atmos13020236
https://doi.org/10.3390/atmos13020236
https://www.undp.org/georgia/publications/disaster-risk-reduction-capacity-assessment-report-2014.
https://www.undp.org/georgia/publications/disaster-risk-reduction-capacity-assessment-report-2014.
https://doi.org/10.1016/j.worlddev.2019.06.005
https://doi.org/10.1016/j.worlddev.2019.06.005
https://doi.org/10.1016/j.worlddev.2019.06.005
https://doi.org/10.1111/plb.13304
https://doi.org/10.1111/plb.13304
https://doi.org/10.3390/agriculture12040442
https://doi.org/10.3390/agriculture12040442
https://doi.org/10.3390/agriculture12040442
https://doi.org/10.3390/agriculture12040442
https://doi.org/10.3389/fenvs.2022.978404
https://doi.org/10.3389/fenvs.2022.978404
https://doi.org/10.3389/fenvs.2022.978404
https://doi.org/10.1590/1413-81232015213.26212015
https://doi.org/10.1590/1413-81232015213.26212015
https://doi.org/10.1590/1413-81232015213.26212015
https://doi.org/10.1590/1413-81232015213.26212015
https://doi.org/10.1007/s12518-022-00484-6
https://doi.org/10.1007/s12518-022-00484-6
https://doi.org/10.1007/s12518-022-00484-6
https://doi.org/10.1007/s12518-022-00484-6
http://www.emdat.be/old/Documents/ Publications/publication_2004_emdat.pdf.
http://www.ncdc.noaa.gov/oa/reports/billionz.html.
https://agrojournal.org/24/02s-09.pdf
https://agrojournal.org/24/02s-09.pdf
https://agrojournal.org/24/02s-09.pdf
https://agrojournal.org/24/02s-09.pdf
https://www.cia.gov/library/publications/the-world-factbook/ geos/kz.html
https://www.ncei.noaa.gov/access/billions/events.pdf
https://www.ncei.noaa.gov/access/billions/events.pdf
https://doi.org/10.5194/hess-18-3635-2014
https://doi.org/10.5194/hess-18-3635-2014
https://doi.org/10.5194/hess-18-3635-2014
https://doi.org/10.5194/hess-18-3635-2014
https://doi.org/10.1186/2048-7010-1-2
https://doi.org/10.1186/2048-7010-1-2
https://doi.org/10.3389/fsufs.2022.838824
https://doi.org/10.3389/fsufs.2022.838824
https://doi.org/10.3389/fsufs.2022.838824
https://doi.org/10.3389/fsufs.2022.838824
https://doi.org/10.1186/2048-7010-1-2
https://doi.org/10.1186/2048-7010-1-2
https://doi.org/10.5194/hess-18-3635-2014
https://doi.org/10.5194/hess-18-3635-2014
https://doi.org/10.5194/hess-18-3635-2014
https://doi.org/10.5194/hess-18-3635-2014


    Volume 1 | Issue 2 | 9 Curr Res Env Sci Eco Letters, 2024

Copyright: ©2024 Ibrahim Isse Ali, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

https://opastpublishers.com

105. FAO. (2014). Adapting to climate change through land 
and water management in Eastern Africa. Results of Pilot 
Projects in Ethiopia, Kenya and Tanzania.

106. Fasemore, O. A. (2017). The impact of drought on Africa. 
Hitachi Rev, 66, 680-681.

107. T. I. O. f. Migration, IOM SOMALIA DROUGHT 
RESPONSE,

108. FAO, "Drought‐related food insecurity: A focus on the Horn 
of Africa  " 2011.

109. Maxwell, D., & Fitzpatrick, M. (2012). The 2011 Somalia 
famine: Context, causes, and complications. Global food 
security, 1(1), 5-12.

110. WFP, Somalia,
111. Reliefweb, Somalia: IPC Food Security & Nutrition 

Snapshot,
112. UNHCR, Somalia: Drought - 2015-2024, 2023. 
113. n. R. Committee, Crisis in Somalia: Catastrophic hunger 

amid drought and conflict, 
114. SWALIM, Somalia Drought Update. 2022.
115. Pape, U. J., & Wollburg, P. R. (2019). Impact of drought on 

poverty in Somalia. World Bank Policy Research Working 
Paper, (8698).

116. F. a. T. S. Africa Research Bulletin: Economic, "SOMALIA: 
Drought Response," 2022. 

117. MMWR, "Notes from the field: malnutrition and mortality-

-southern Somalia2011. 
118. LWF, Somalia: Food for people displaced by drought, 
119. Ahmed, M. R., & Wadud, A. (2023). The Impact of Drought 

on Agricultural Production in Jowhar, Somalia. Journal of 
Economics, 11(1), 55-62.

120. ACAPS, "mpact of drought: Banadir and Bay regions," 
2022. 

121. ACAPS, Somalia - Impact of drought: Banadir and Bay 
regions, 2023.  

122. IPC, Integrated food security phase classification in Somalia. 
123. OCHA, Somalia: 2022 Drought Impact Snapshot. 
124. IPC, IPC acute food insecurity and acute malnutrition 

analysis. 
125. OCHA, Somalia - Population Living in Poverty. 
126. IOM, OCHA, and UNHCR., Somalia: Drought and Famine 

Displacement Monitoring Dashboard. 
127. UNHCR, Somalia internal displacement. 
128. FSNAU, Nutrition Situation Post Deyr 2016/17, Shabelle 

& Banadir. 
129. IMF, Somalia: Selected Issues. 
130. Fawole, W. O., Ilbasmis, E., & Ozkan, B. (2015, September). 

Food insecurity in Africa in terms of causes, effects and 
solutions: A case study of Nigeria. In 2nd ICSAE 2015, 
International Conference on Sustainable Agriculture and 
Environment (pp. 6-11). Proceedings book.

View publication stats

https://www.hitachihyoron.com/rev/notice/index.html
https://www.hitachihyoron.com/rev/notice/index.html
https://www.iom.int/iom-somalia-drought-response, Somalia, 2023.
https://www.iom.int/iom-somalia-drought-response, Somalia, 2023.
https://doi.org/10.1016/j.gfs.2012.07.002
https://doi.org/10.1016/j.gfs.2012.07.002
https://doi.org/10.1016/j.gfs.2012.07.002
https://docs.wfp.org/api/documents/WFP-0000157016/download/?_ga=2.164061311.1928074929.1713281938-1348919470.1713281938,%20Somalia,%202024.
https://reliefweb.int/report/somalia/somalia-ipc-food-security-nutrition-snapshot-august-december-2023-published-september-18-2023, Somalia, 2023.
https://reliefweb.int/report/somalia/somalia-ipc-food-security-nutrition-snapshot-august-december-2023-published-september-18-2023, Somalia, 2023.
https://reliefweb.int/disaster/dr-2015-000134-som
https://www.rescue.org/article/crisis-somalia-catastrophic-hunger-amid-drought-and-conflict, Somalia, 2023.
https://www.rescue.org/article/crisis-somalia-catastrophic-hunger-amid-drought-and-conflict, Somalia, 2023.
https://www.faoswalim.org/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3313863
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3313863
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3313863
https://lutheranworld.org/news/somalia-food-people-displaced-drought, 2022.
https://doi.org/10.15640/jeds.v11n1a6
https://doi.org/10.15640/jeds.v11n1a6
https://doi.org/10.15640/jeds.v11n1a6
https://reliefweb.int/report/somalia/acaps-thematic-report-somalia-impact-drought-banadir-and-bay-regions-27-april-2023
https://reliefweb.int/report/somalia/acaps-thematic-report-somalia-impact-drought-banadir-and-bay-regions-27-april-2023
https://www.ipcinfo.org/fileadmin/user_upload/ipcinfo/docs/Multi-Partner-Technical-Release-on-Somalia-2022-Post-Gu-Assessment-and-IPC-Analysis-Results-12-Sep-2022.pdf.,%22 2022.
https://reliefweb.int/report/somalia/somalia-2022-drought-impact-snapshot-august-2022.,%22 2022.
https://www.ipcinfo.org/fileadmin/user_upload/ipcinfo/docs/IPC_Kenya_Acute_Food_Insecurity_Malnutrition_2022JulDec_Report.pdf,%22 2022.
https://www.ipcinfo.org/fileadmin/user_upload/ipcinfo/docs/IPC_Kenya_Acute_Food_Insecurity_Malnutrition_2022JulDec_Report.pdf,%22 2022.
https://data.humdata.org/dataset/somalia-poverty-rate.,%22 2021.
https://reliefweb.int/report/somalia/somalia-drought-and-famine-displacement-monitoring-dashboard-september-2022#:~:text=Drought%20displaced%2068%2C393%20people%20in,and%2011%20per%20cent%20respectively)." 2022.
https://reliefweb.int/report/somalia/somalia-drought-and-famine-displacement-monitoring-dashboard-september-2022#:~:text=Drought%20displaced%2068%2C393%20people%20in,and%2011%20per%20cent%20respectively)." 2022.
https://unhcr.github.io/dataviz-somalia-prmn/index.html#reason=Drought%20related&month=2021-11-01%2C2022-08-31&need=&pregion=&pdistrictmap=&cregion=&cdistrictmap=&year=2022," 2023.
https://reliefweb.int/report/somalia/nutrition-situation-post-deyr-201617-shabelle-banadir.,%22 2017.
https://reliefweb.int/report/somalia/nutrition-situation-post-deyr-201617-shabelle-banadir.,%22 2017.
https://www.imf.org/en/Publications/CR/Issues/2022/12/16/Somalia-Selected-Issues-527027.,%22 2022.
https://www.researchgate.net/profile/Muhammad-Imran-30/publication/307508778_COTTON_GROWERS'_SATISFACTION_WITH_PUBLIC_AND_PRIVATE_EXTENSION_SERVICES_CASE_STUDY_OF_MUZAFFARGARH_DISTRICT_OF_PAKISTAN/links/5aa7bb1fa6fdcc9576d54df4/COTTON-GROWERS-SATISFACTION-WITH-PUBLIC-AND-PRIVATE-EXTENSION-SERVICES-CASE-STUDY-OF-MUZAFFARGARH-DISTRICT-OF-PAKISTAN.pdf#page=18
https://www.researchgate.net/profile/Muhammad-Imran-30/publication/307508778_COTTON_GROWERS'_SATISFACTION_WITH_PUBLIC_AND_PRIVATE_EXTENSION_SERVICES_CASE_STUDY_OF_MUZAFFARGARH_DISTRICT_OF_PAKISTAN/links/5aa7bb1fa6fdcc9576d54df4/COTTON-GROWERS-SATISFACTION-WITH-PUBLIC-AND-PRIVATE-EXTENSION-SERVICES-CASE-STUDY-OF-MUZAFFARGARH-DISTRICT-OF-PAKISTAN.pdf#page=18
https://www.researchgate.net/profile/Muhammad-Imran-30/publication/307508778_COTTON_GROWERS'_SATISFACTION_WITH_PUBLIC_AND_PRIVATE_EXTENSION_SERVICES_CASE_STUDY_OF_MUZAFFARGARH_DISTRICT_OF_PAKISTAN/links/5aa7bb1fa6fdcc9576d54df4/COTTON-GROWERS-SATISFACTION-WITH-PUBLIC-AND-PRIVATE-EXTENSION-SERVICES-CASE-STUDY-OF-MUZAFFARGARH-DISTRICT-OF-PAKISTAN.pdf#page=18
https://www.researchgate.net/profile/Muhammad-Imran-30/publication/307508778_COTTON_GROWERS'_SATISFACTION_WITH_PUBLIC_AND_PRIVATE_EXTENSION_SERVICES_CASE_STUDY_OF_MUZAFFARGARH_DISTRICT_OF_PAKISTAN/links/5aa7bb1fa6fdcc9576d54df4/COTTON-GROWERS-SATISFACTION-WITH-PUBLIC-AND-PRIVATE-EXTENSION-SERVICES-CASE-STUDY-OF-MUZAFFARGARH-DISTRICT-OF-PAKISTAN.pdf#page=18
https://www.researchgate.net/profile/Muhammad-Imran-30/publication/307508778_COTTON_GROWERS'_SATISFACTION_WITH_PUBLIC_AND_PRIVATE_EXTENSION_SERVICES_CASE_STUDY_OF_MUZAFFARGARH_DISTRICT_OF_PAKISTAN/links/5aa7bb1fa6fdcc9576d54df4/COTTON-GROWERS-SATISFACTION-WITH-PUBLIC-AND-PRIVATE-EXTENSION-SERVICES-CASE-STUDY-OF-MUZAFFARGARH-DISTRICT-OF-PAKISTAN.pdf#page=18
https://www.researchgate.net/publication/387419488

