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Foreword and Preface 

 
 

ñé.When one door closes, another opens; 
but we often look so long and so regretfully 
upon the closed door that we do not see 
the one that has opened for usé.ò. 

 
- Alexander Graham Bell 

 

 

       I have to admit that when I have been asked to do the Agriculture Drought 

study for the Global Assessment Report (GAR 2013), I accepted to do the job with 

a smile but I was afraid, because I have to go again with my team through many 

challenges: 

é.. The term drought is widely used but the meaning of the term varies from 

among different searchers, and defined in various ways. This creates the 

difficulty of understanding drought characteristics across time and space. 

Drought is an extreme climate event happens on longer time scales and could 

be persisted over decades. ... We must fulfill the new IPCC definition of 

Drought. 

 

é..We have to create a new Drought framework that is scientifically accepted and 

easy to apply. 

..... We have to cover with a limited team (6 people), areas wider than we used to      

cover as on our studies (The Arab region) and we are targeting Africa &       

Mediterranean, and  

é..We have to finish the work in 9 months 



 
 

I believe that facing another day in life means facing more challenges and gaining 

more experience.  

I said to my team why not?  ...Lets accept the challenge like we used to do before; 

letôs gain more experiences and more learning. 

é. I remembered when I accepted writing ñdrought case study in IPCC/SREX 

reportòé I remembered when we wrote the case study about drought in Arab 

region with 10 years of drought in Syria, and é. I remembered the number of 

projects I managed successfully during the last 35 years of my scientific lifeé I 

remembered my team they never let me down.  

Why not? Doing the job, especially if the topic that we have to cover is 

Droughté.. The wards came to my ears be not afraid as you take another step 

todayé.you will learn. 

Drought, is spreading like cancer,  

That was the reason for me to study Drought during the last 7 years, when 

thinking about drought, I think of how cancer starts and spreads slowly before we 

recognize its diagnosisé especially if this combination of Drought and Land 

Degradation exist é..Itôs my nightmare.   

When Drought comes to my mind, I usually ask myself questions like, Is Europe 

on the way to split into poor Europe and Rich Europe? And if the ongoing 

increased drought and land degradation since the 1970s has something to do with 

this weakness and may lead to the shrinking of the western civilization like the old 

Roman Empire did many dictates ago?.... Before answering this, letôs see the 

problems towards the end of the Roman Empire and ask our selfôs a question, is 

there any similarity? 



 
 

The Roman Empire was getting weak and it was too large to govern 

effectively, the army was not what it used to be. Civil wars broke out 

between different political groups, the head of government was not always 

a capable leader, the increased use of foreignersô worker put many Romans 

out of work, and the rich became lazy and showed little interest in trying to 

solve Rome problems. The poor were overtaxed and overworked. They 

were very unhappy. Prices increased, trade decreased. The population was 

shrinking due to starvation and disease. This made it difficult to manage 

farms and government effectively.  

The ancient Romans tried to solve some of their problems by splitting the 

Roman Empire in half, hoping that would make the empire easier to 

manage. Each side had an emperor, but the emperor in charge was the 

emperor of the western half, the half that included the city of Rome. The 

Western Roman Empire did not do well. Instead of getting stronger, they 

became weaker. By 400 AD, it was pretty much over. The barbarian tribes 

might have been the group that finally brought Rome down. They were all 

attacking various pieces of the Western Roman Empire. Europe entered the 

Dark Ages. The Easter Roman Empire received a new name ï the 

Byzantine Empire. The Byzantine Empire did fine. It lasted for another 

1000 years! This, with its center in Constantinople, managed to cling on for 

almost another thousand years until it was eventually conquered by the 

Turks under their leader Mohammed II in the year AD 1453. 

Africa, Middle East and Mediterranean are facing similar problems but in different 

severity depending on their capabilities and resilience, problems such as increased 

hunger and food insecurity, Water scarcity in many places, desertification, decline 

of bio-diversity, change in life form within forests and rangelands, increased 



 
 

uncertainty in Agriculture, increased population and increased internal and external 

migration.    

Is the gab created in the Arab region and the changes that took place - that known 

as Arab Spring- is similar to the same era when the old Roman Empire shrank 

many dictates ago, living an empty space behind them?    

But can people ignore it and try to pretend itôs not hurting them? 

In fact the wider it spreadsé Both rich and poor people are mistaken if they 

pretend that it is not their problem, or thinking that the problem is limited to arid-

lands and dry zones, and if they thought that itôs a short-term problem and will 

disappear as startedé  

In fact we must take action now and should work to mitigate it and reduce its 

affects before it damages many of our gained civilization permanently. 

When thinking about Drought, We mustnôt limit our challenges; challenge our 

limits. It's true that we don't know what we've got until we lose it, but it's also true 

that we don't know what we've been missing until it arrives.  

I always see the pyramids as a symbol of sustainability; I remember that climate 

has shaped the cultures of Middle East, The first, Settlements in the world, farming 

communities, and cities. All began in this region, and all have changed in response 

to a variable climate. For thousands of years, people of the region have coped with 

the challenges of climate variability by adapting their survival strategies to changes 

in rainfall and temperature  

 

Drought is increasing and Land Degradation as well, we donôt have time to 

loseéé So we must act nowéé. 

  



 
 

1. INTRODUCTION  

 

 

1.1. Drought part of the History and Environment. 

Droughts have been a part of our environment since the beginning of recorded history, and 

humanity's survival may be testimony only to its capacity to endure this climatic phenomenon. 

Drought is considered by many to be the most complex but least understood of all natural 

hazards, affecting more people than any other hazard (Hagman 1984)
1
. 

Unlike the risks associated with drought remain less well understood. Drought, therefore, is often 

a less visible risk. Losses and impacts are not systematically captured, global standards for 

measuring drought hazard are only slowly being introduced, and there are difficulties regarding 

data collection. As a result, comprehensive assessments of drought risks are only just beginning 

and, as yet, there is no credible global drought risk model. Case studies indicate that the impacts 

of drought can only be partly attributed to deficient or erratic rainfall, as drought risk appears to 

be constructed over time by a range of drivers. These include: poverty and rural vulnerability; 

increasing water demand due to urbanization, industrialization and the growth of agribusiness; 

poor soil and water management; weak or ineffective governance; and climate variability and 

change, (UNISDR 2011)
2
. 

Droughts have been a part of our environment since the beginning of recorded history, and 

humanity's survival may be testimony only to its capacity to endure this climatic phenomenon. 

One of the earliest records of efforts to plan for droughts is the story of ñJosephò. The story of 

Joseph is the world's first recorded national drought extreme event, as the Old Testament tells the 

story, 

 ñéé..One night, Pharaoh has a dream he doesnôt understand and it alarms him. 

His servant tells him about Joseph and Joseph is brought to the palace and 

interprets the dream. God reveals to Joseph that Pharaohôs dream is a prophecy 

of the next seven years. The kingdom will experience seven plentiful harvests 

followed by seven years of famine. Joseph advises Pharaoh to store grain from 

the plentiful harvests to be used during the famine. Pharaoh agrees and puts 

Joseph in a position of power.ò (Genesis 42:1-36).   

It is also the first Drought management known in the history,  

ñé.The storehouses are filled through the seven prosperous years and then when 

the famine comes, people from all around begin coming into Egypt to try and buy 

corn. Among those who came in search of grain were Josephôs elder brothers. 

Joseph is now in a position of power and could gain revenge for the way his 

brothers had treated him. He does cause them some fear, but in the end is able to 

spare his brothers and his father from suffering the famine as a result of his 

position.ò (Genesis 43-47). 

                                                           
1
 Hagman, G.: 1984. Prevention better than cure. Report on Human and Environmental Disasters in the Third World, 

prepared for the Swedish Red Cross. Stockholm. 
2
 UNISDR, 2011. Global Assessment Report on Disaster Risk Reduction. Geneva, Switzerland: United Nations 

International Strategy for Disaster Reduction.  

 



 
 

Drought is a normal event that takes place in almost every climate on Earth, even the rainy ones; 

it is the most complex of all natural hazards as it affects more people than any other hazard. 

Aridit y is a permanent feature of climate, while drought is a temporary event,  Drought is viewed 

relative to some long-term average of precipitation, stream-flow, temperature, groundwater level, 

number of rainfall events, etc.,   

There is medium confidence that droughts will intensify in the 21st century in some seasons and 

areas, IPCC (2012)
3
, due either to an enhanced precipitation deficit or to evapotranspiration 

excess. Effective disaster risk management and climate change adaptation incorporate a portfolio 

of strategies, policies, and measures that address exposure and vulnerability within the context of 

multiple stressors. 

As drought has different types and different impacts based on geographic locations, examples of 

the complex ways in which extreme events, long term trends, and high vulnerability interact to 

produce extreme impacts in different geographical locations.  

There is medium confidence that droughts will intensify in the 21st century in some seasons and 

areas, due either to an enhanced precipitation deficit or to evapotranspiration excess. Effective 

disaster risk management and climate change adaptation incorporate a portfolio of strategies, 

policies, and measures that address exposure and vulnerability within the context of multiple 

stressors. 

Pre-disaster financial mechanisms (including remittances, novel forms of insurance such as 

index-based micro-insurance, and catastrophe bonds) are important components of disaster risk 

management and climate change adaptation in regions with little formal insurance or post-event 

government compensation, (UNISDR 2011). 

 

During the last years Wadid Erian and his team studied drought in Arab region with especial 

focus on Syria, we will try to summarize Syria study as an introduction to the on-going study for 

highlighting  the development of the process towered understanding drought. 

The region is subject to frequent agriculture (soil moisture) droughts and rainfed crops are 

strongly affected by precipitation fluctuations; mainly in the areas were annual rainfall range 

between 120/150 ï 400 mm, they are considered moderately to sever vulnerable areas to 

drought; (Erian et al, 2006)
4
.  

 

 

                                                           
3
 IPCC, 2012: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A 

Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change [Field, C.B., V. 

Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, 

M. Tignor, and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, UK, and New York, NY, USA, 

582 pp. 
4 Erian, W.F., F.S. Fares, T. Udelhoven and B. Katlan, (2006). ñCoupling Long-term NDVI for 

Monitoring Drought in Syrian Rangelandsò, The Arab Journal for Arid Environments, volume 

(1), pp 77-87, Published by ACSAD. 

 



 
 

1.2.Drought Consequence in Syria 

In a Country like Syria, where the rainfall represents 68.5% of the available water sources, the 

precipitation concentration index (PCI) for the period (1960-2006) has been studied in three 

stations in the Northeastern part of Syria, (Kamishli, Tel-Abiad and Hassakah), which present Al 

Jazerah region, and the study show sever decrease in annual rainfall quantities that has been 

estimated by (27.7%) in Kamishli, (19.2%) in Tel-Abiad  and (26%) in Hassakah and related to 

the decreasing in spring and winter rainfall quantities;  (Skaff and Masbate, 2010)
5
.  

This negative trend of precipitation during the past century and beginning of 21 century is of a 

similar magnitude as that predicted by most of the Global Circulation Models for the 

Mediterranean Region in the coming decades. 

Areas affected by drought in Syria have been estimated by 34% of Syrian territory, where area of 

about 10% is of moderately vulnerable to drought, and area of about 4% is highly vulnerable to 

drought.  

Most of the vulnerable areas are considered important areas for crop production in Syria, (figure 

1.1), the spatial distribution of the vulnerability to drought shown that farming regions at south-

western and north-eastern parts of the country are mostly affected, especially in Hassakeh 

governorate; (Erian et al., 2011)
6
. 

The eastern region of Syria (Hassakah, Deir al-Zor and Raqqa governorates), considered as the 

most important areas of agricultural production in Syria and most affected by drought. About 7.6 

million hectares, that represent 41% of the total area of Syria, with total population number of 

about 3.5 million person, representing 17% of the population of Syria. Eastern region represent 

22.4% of the total rural population in Syria and 30% of the agricultural sector;  Kattana, (2011)
7
.  

 

 

 

 

 

 

 

 

 

Figure 1.1 Agriculture Droughts in Syria and Surroundings. 

                                                           
5
 Skaff, M. and Masbate, Sh., 2010. Precipitation Change, and Its Potential Effects on Vegetation and Crop 

Productivity in Syrian Al Jazerah Region. The Arab Journal for Arid Environments 3 (2):71 - 78. 
6
 Erian, W., Katlan, B. and Babah, O., 2011. Drought Vulnerability in the Arab Region, Case Study- Drought in 

Syria Ten Years of Scarce Water (2000 ï 2010), ACSAD and UNISDR publication Giorgi, F., 2006: Climate 

change hot-spots. Geophysical Research Letters, 33(L08707) 
7
 Kattana, H. , 2011.  Agriculture Production Indicators In North Eastern Part of Syria. WB, MAAR and ACSAD 

Workshop on: Reducing Vulnerability to climate change in Agricultural Systems in Syria, March 23-24, El-

Hassakeh governorate, Syria. 

 



 
 

1.2.1.  Major impacts of drought  

- Agricultural production: 

  

¶ According to; Kattana, (2011), the eastern part of Syria represent 31.75% of the total 

rainfed areas of Syria and due to drought has been declined from 1.12 to 0.98 million 

hectare, during the years from 2000 to 2009. 

¶ The region is contributing by 58% of the total wheat production, 68-78% of the total 

cotton production,  62-72% of the total maize production and 22% of the total sugar beet 

production, and have 30% of the goats, 36-41% of the sheep and 31-34% of the cows.  

¶ Rainfed wheat area normally amounts to more than 0.8 million hectares, and is extremely 

reliant on timely rainfall during the growing season, wheat production has dropped in the 

eastern part of Syria by 25.9% during the years 2000-2009, and total production from 2.6 

to 2.1 million ton during the years 2005-2009 and reaching to 1.2 and 1.9 million ton in 

2008 and 2009 respectively. During the agriculture season 2007ï2008 and due to severe 

drought in the Syria, 75% of the countryôs farmers suffered total crop failure, where, 

wheat production dropped by 39.8% from 0.43 to 0.25 million ton  from the year 2000 to 

the year in Al -Hassakehh governorate in the eastern part;  (Kattana, 2011). 

¶ Barley production which considered an important crop for rainfed areas in the country, 

and used as fodder for animals has decreased in the last years 2005-2009 up to 40%, 

beside the absence of natural pastures and at the same time feed prices have doubled, 

which resulted in the sale of animals, accompanied by a large fall in price of ewes sold or 

slaughtered as well as young animals in the market; animals weight loss in beside 

physical deterioration; lower in the amount of newly born young because of Low fertility 

rate, declining birth rate, low rate hike to zero; and. breeders forced to sell a large 

proportion of female babies beside  the high mortality rate of adult ewes and young 

animals; (FAO 2011) 8. 

¶ The estimated number of sheep population has dropped from 2.47 million head at the 

year 2005 to 1.5 million head at the year 2009 and the livestock population was 50 

percent below the pre-drought level more than a year after the drought ended; (Kattana, 

2011and Erian et al, 2011).  

 

- rural livelihoods:  

 

¶ The severe shortage of rainfall that has lasted more than four agriculture seasons 

(2007/2008 ï 2010/2011) has crippled agriculture in eastern and Northeastern Syria; 

farmers who depend on only one crop are in trouble - they have nothing else to help them 

and they have to move; (Erian et al, 2011; Kattana, 2011; UNISDR, 2011 and FAO, 

2011). 

¶ Increased respiratory infections, particularly because of the atmosphere nebular (dusty), 

particularly in the north-eastern areas lack of water (for drinking and domestic use) or 

provided by a non-secure health, leading to a variety of digestive diseases tract and 

diarrhea (especially in children), and kidney disease; (FAO, 2011). 

                                                           
8
 FAO 2011. Food security in Syria under Climate Change; WB, MAAR and ACSAD Workshop on: Reducing 

Vulnerability to climate change in Agricultural Systems in Syria, March 23-24, El-Hassakeh governorate, Syria 



 
 

¶ A rise in the rate of borrowing in rural households in the three provinces between 2006 

and 2010 estimated by 350%; (ACSAD, 2010)9. 

 

- migration:  

¶ During the years 2007 to 2011, Some 1.3 million people of a population of 22 million 

have been severely affected by the disaster, of which 800,000 have lost almost all of their 

livelihoods and face extreme hardship.  

¶ Migration out of the affected areas has increased, with estimates indicating that between 

40,000 to 60,000 families, with 35,000 from ñHassakeh governorateò alone have driven 

to urban settlements on so called mass migration toward Syria's cities such as Aleppo, 

Damascus and Deir ez Zour in search of work and for new sources of income, many 

ending up with difficult laboring work. in one of the largest internal displacements in the 

Middle East in recent years; (Nashawatii, 2011
10

 and Erian , 2010
11

). Thousands of 

Syrian farming families have been forced to move to cities in search of alternative work, 

most of the houses on villages are left empty and less than 10% are occupied by elder 

people and children, the younger generations left seeking work, many left to Lebanon or 

Jordon, as workers in the sectors of construction or agriculture. Women left to work in 

the western part of Syria, for packing vegetables in ñTartou governorate ò greenhouses; 

(Erian et al., 2011). 

 

- ecosystem decline:  

 

¶ Due to drought that increased in frequency, intensity and duration, the deficit in available 

water has been estimated of about 651 million M
3
 during the years 1995-2005, and still 

increasing with expectation to rise to 2077 million M
3
 by the year in 2030 only because of 

population growth and the increasing pace of development; (Nashawatii, 2011). 

¶ Decline in availability of irrigation water in the Hassakeh governorate is largely due to the 

hydrological drought of Khabour River, this has led to the decline in irrigated areas, the 

water scarcity has led to increasing pressures on ground water resources and brought the 

water crisis to critical levels; (FAO, 2011 and Mora, 201112). 

¶ Increase of moderate and severe land degradation that estimated during the period from 

1999 to 2007 by 34.8% of the total area of Syria; (ACSAD, 2009)13.  

 

1.2.2.  Intervention (preparedness, during, and post) 

                                                           
9
 ACSAD, 2010. Livelihood Development Response to Alleviate Rural Poverty and Drought Conditions in the 

North East of Syria, project document presentation, ACSAD, MAAR, AECID and ACF. 
10

 Nashawatii, H (2010). ñClimate Change: impacts and adaptation in Syriaò, in Arabic. Expert Meeting of the 

ASPA Countries for developing scientific and technological cooperation on climate change, organized by LAS, 

ACSAD, MoE in Syria, Damascus, 4-6 May. 
11

 Erian, W. F (2010). ñDesertification and Drought in Arab Countriesò. Expert Meeting of the ASPA Countries for 

developing scientific and technological cooperation on climate change, organized by LAS, ACSAD, MoE in 

Syria, Damascus, 4-6 May 
12

 Mora, S.,  2011. Water resources in East Syria; WB, MAAR and ACSAD Workshop on: Reducing Vulnerability 

to climate change in Agricultural Systems in Syria, March 23-24, El-Hassakeh governorate, Syria. 
13

 ACSAD (2009). ñDesertification Bulletinò, second bulletin, Published in the Arab Center for the Studies of Arid 

Zones and Dry Lands in cooperation with GTZ and NCRS in Lebanon 



 
 

Unfortunately, most countries are treating extreme events with so called crisis management 

rather than drought management, this approach has been ineffective because response is 

untimely. Poorly coordinated, and poorly targeted to drought stricken groups or areas., two 

important trends in drought management are to be considered: (1) improved drought monitoring 

tools and early warning systems EWSs and (2) an increased emphasis on drought preparedness 

and mitigation; (Wilhite, 2005)
14

.  

Syria is just beginning to establish  a drought monitoring unit at  the Ministry of Agriculture and 

Agrarian reform  MAAR, began in 2004, aiming at predicting and early warning to the problems 

of drought, with a focus on  rangelands and marginal areas;  the unit also is in charge of the 

development of a national strategy for drought management; (Hamouda, 2011)15.  

The major actions classified upon their relation to sustainable drought management into 

emergency actions, short to moderate actions. long-term actions: 

 

- Emergency actions:  

 

¶ MAAR is leading a coordination and cooperation between the governmental, regional 

and international agencies to mitigate the effects of drought. The coordination included, 

compensate farmers and mainly for emergency food supply.  

¶ Cooperation between MAAR and FAO started emergency drought projects to maintain 

the continuity of small farmers and vulnerable herders, provide urgent assistance from the 

seed of improved wheat and barley, provide fodder for sheep farmers and feed 

supplements and also provide support to the poorest families by giving them a number of 

sheep with technical advice; (FAO, 2011). Another cooperation with ACSAD, Spanish 

Agency for International Cooperation and Development AECID and Action Against 

Hunger Spain ACF started  for providing support in  17 affected areas, each containing 2-

3 villages to target poor and middle families,  the activities includes: units for ripping 

agricultural and industrial waste, technical support in the fields of breeding sheep and 

goats, units for the pasteurization of milk, introduce portfolio method of agriculture 

agricultural technologies such as conservation agriculture, water harvesting and 

mitigating the loss of water and improved efficiency of use;  (ACSAD, 2010). 

 

- Drought management: 

 

¶ Establishing a drought monitoring unit at  the Ministry of agriculture and agriculture 

reform  MAAR, began in 2004, aiming at predicting and early warning to the problems of 

drought, the unit also is in charge of the development of a national strategy for drought 

management; (Hamouda, 2011). 

¶ Formulate a framework for an effective approach to minimize the impacts of drought in 

the urban sector in Syria, .and strengthening capacity development for disaster risk 

management, and urban risk reduction, that effort is led by ACSAD,  Ministry of Local 

Administration, UNDP and MAAR.  

                                                           
14

 Wilhite, DA. 2000. Drought as a natural hazard: concepts and definitions. In: Wilhite DA, ed. Droughts: Global 

Assessment. London: Routledge; 3ï18 
15

 Hamouda, G, 2011. Drought Early warning system in Syria; WB, MAAR and ACSAD Workshop on: Reducing 

Vulnerability to climate change in Agricultural Systems in Syria, March 23-24, El-Hassakeh governorate, Syria. 



 
 

¶ Providing water to irrigate 210,000 hectares in the province of Hassakeh, through 

pumping water from the Tigris River at the site of Ain Dewar to Khabour River; (Mora, 

2011). 

 

1.3. Outcomes / Consequences 

- Mediterranean region is strained by unequal water allocation and ecological fragility as 

population and economics grow, even though, an area in more severe drought increases much 

more than the area in less severe drought, and this could have serious consequences as the 

impact of drought on socioeconomics increases with the severity of drought; Burke and 

Brown, 2007. Even drought causing further degradation of the regionôs natural resources 

base is likely, unlikely the size of risks associated with drought remain less well understood, 

losses and impacts are not systematically captured; (UNISDR 2011).  

- Accordingly, countries of the Mediterranean and Middle East, suffering now from the 

increased drought frequency, intensity and duration are likely to suffer more clear and 

significant drought losses and impacts on agricultural production, rural livelihoods, 

migration, urban, economic sectors and ecosystem decline. 

- Water resources are dwindling by population increase regardless of drought in most 

Mediterranean and Middle East countries; Squires, (2001)16,  Water scarce was estimated  to 

reach severe levels by the year 2025; (El- Quosy, 2009)17. The already on-going and growing 

critical situation caused by hydrological drought and soil moisture (agriculture) drought, will 

reflect extremely severe in water scarce, and contribute to the likelihood of conflicts by 

causing displacement and migration, increasing competition for scarce resources and 

exacerbating ethnic tensions; (Barnett and Adger, 200718; Reuveny, 200719; and UNISDR, 

2011).  

- The continuous increasing gap between countries demands for water for serving its 

sustainable development and available water resources in many Mediterranean and Middle 

East countries, The increasingly serious drought conditions throughout the entire 

Mediterranean and Middle East regions. Syria, Jordon, Palestinian Territories, Lebanon and 

Iraq have all reported water shortages that are sure to affect both their ecosystem stability and 

national security; (El- Quosy, 2009).  

- Poor rural households with livelihoods that depend on rainfed agriculture are more 

vulnerable to drought and less able to absorb and buffer the losses. Consequences include 

increased poverty, reduced human development and negative impacts on health, nutrition and 

productivity; (de la Fuente and Dercon, 2008 20;and UNISDR, 200921). 

                                                           
16

 Squires VR (2001) ñDust and Sandstorms: an early warning of impending disaster. In Yang Youlin, Squires V, Lu 

Qi (ed.) Global alarm: dust and sandstorms from the Worldôs Drylands, Asia RCU of the UNCCD, Bangkok. 
17

 El-Quosy, D.E. (2009). ñFresh Water.ò In Impact of Climate Change on Arab Countries (Eds .Mostafa K. Tolba 

and Najib W. Saab). Arab Forum for Environment and Development, Beirut. 
18

 Barnett, J. and Adger, W.N. 2007. Climate change, human security and violent conflict. Political Geography 26 

(6): 639ï655. 
19

 Reuveny, R. 2007. Climate change-induced migration and violent conflict. Political Geography 26 (6): 656ï673. 
20

 de la Fuente, A. and Dercon, S. 2008. Disasters, growth and poverty in Africa: Revisiting the microeconomic  

evidence. Background paper prepared for the 2009 Global Assessment Report on Disaster Risk Reduction. 

Geneva, Switzerland: UNISDR 

http://greenprophet.com/2009/02/04/6629/drought-affect-security-middle-east/
http://greenprophet.com/2009/02/04/6629/drought-affect-security-middle-east/


 
 

- Drought impacts in some areas is irreversibly, people abandoned their lands, houses and 

looking for new life in other areas that could offer them other opportunity and alternative 

chances. Their migration becomes permanent because farmers and badwins failed in 

obtaining economical yield or feeding their animals, to gain sufficient income to sustain their 

familyôs needs. The rain is not enough anymore in amount and variability to sustain crop 

production and all scenarios showing a more moderate to severe drought in the near future, 

accompanied by increasing temperatures, disruption of the hydrological cycle, resulting in 

less and more erratic rainfall that will aggravate even further the already critical state of 

water scarcity ; (Abou-Hadid, 2006)
22

.  

- Impacts on animal productivity due to increased variability in weather patterns will likely be 

far greater than effects associated with the average change in climatic conditions. Lack of 

prior conditioning to weather events most often results in catastrophic losses in confined 

cattle feedlots;. With economic losses from reduced cattle performance exceeding those 

associated with cattle death losses; (Mader, 2003)
23

.  

- In dry regions, there are risks that severe vegetation degeneration leads to positive feedbacks 

between soil degradation and reduced vegetation and rainfall, with corresponding losses of 

pastoral areas and farmlands; (Zheng et al, 2002)24. 

- The impacts of drought can only be partly attributed to deficient or erratic rainfall, as drought 

risk appears to be constructed over time by a range of drivers. These include: poverty and 

rural vulnerability; increasing water demand due to urbanization, industrialization and the 

growth of agribusiness; poor soil and water management; weak or ineffective governance; 

and climate variability and change; (UNISDR 2011).  

- Increased respiratory infections, particularly because of the atmosphere nebular (dusty), 

particularly in the north-eastern areas lack of water (for drinking and domestic use) or 

provided by a non-secure health, leading to a variety of digestive diseases tract and diarrhea 

(especially in children), and kidney disease; (FAO 2011). 

1.4. Lessons Identified 

Countries of the Mediterranean and Middle East, suffering now from the increased drought 

frequency, intensity and duration are likely to suffer more drought losses and impacts on 

agricultural production, rural livelihoods, migration, urban, economic sectors and ecosystem 

decline. They are in need for: 

a) Strengthen commitment for comprehensive disaster risk reduction through CCA and 

DRR in national policies, legal frameworks, development plans and actions; decentralize 

resources, community participation; develop capacities to identify, assess and monitor 

drought risks through national/local multi-hazard risk assessment; build 
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capacities/systems to monitor, archive, and disseminate data; regional early warning 

system and networks. 

b)  Build resilience through knowledge, advocacy, research and trainings by making 

information on drought risk accessible to all stakeholders; through educational material, 

curricula, approaches up to date; public awareness. 

c)  Integrate disaster risk reduction into emergency response, preparedness and recovery by  

making preparedness plans, contingency plans; recovery and reconstruction activities 

inclusive of all society groups and at all administrative levels; allocate budget locally for 

emergency; and coordination between national and local entities for timely information 

exchange during hazardous events and disasters. 

d) Integrate activities in the  national strategy for CCA and DRR, such as: programs for 

drought risk loss insurance; Improved water use efficiency; adopting and adapting 

existing water harvesting techniques; conjunctive use of surface and groundwater; 

upgrading irrigation practices on both the farm level and on the delivery side; developing 

crops tolerant to salinity and heat stress; change of cropping patterns; altering the timing 

or location of cropping activities; diversifying production systems into higher value and 

more efficient water use options; and capacity building of relevant stakeholders for better 

understanding of climate change scenarios and risk analysis. 

 

 

 

  



 
 

2. DEFINITION AND PROVINCE STUDIES OF DROUGHT.  

 
2.1. Definition of Drought 

 

The term drought is widely used but the meaning of the term varies from among different 

searchers, and defined in various ways. That creates the difficulty of understanding drought 

characteristics across time and space. Drought is An extreme climate event happens on longer time 

scales and could be persisted over decades.  

The Glossary, (IPCC 2012)25, defines drought as follows: ñA period of abnormally dry weather long 
enough to cause a serious hydrological imbalance. Drought is a relative term, therefore any discussion in 

terms of precipitation deficit must refer to the particular precipitation-related activity that is under 

discussion. For example, shortage of precipitation during the growing season impinges on crop 

production or ecosystem function in general (due to soil moisture drought, also termed agricultural 

drought), and during the runoff and percolation season primarily affects water supplies (hydrological 

drought). Storage changes in soil moisture and groundwater are also affected by increases in actual 

evapotranspiration in addition to reductions in precipitation. A period with an abnormal precipitation 

deficit is defined as a meteorological drought. A megadrought is a very lengthy and pervasive drought, 

lasting much longer than normal, usually a decade or more.ò, figure (2.1), after (Erian 2012)26 
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Figure 2.1.  IPCC Drought Definition 2012,  illustrated after Erian 2012.    



 
 

 

Weather and climate phenomena reflect the interaction of dynamic and thermodynamic 

processes over a very wide range of space and temporal scales. This complexity results in highly 

variable atmospheric conditions, including temperatures, motions, and precipitation, a 

component of which is referred to as óextreme events.ô Extreme events include the passage of an 

intense tornado lasting minutes and the persistence of drought conditions over decades, (IPCC 

2001)27. The absence of precipitation as well as excess evapo-transpiration from the soil can be 

climate extremes, and lead to drought, (McKee et al., 1993)28.  

 

Soil moisture drought often called agricultural drought, which refers to a deficit of (mostly root 

zone) soil moisture.  IPCC  uses the term ósoil moisture droughtô instead of óagricultural 

drought,ô despite the widespread use of the latter term (e.g., Heim Jr., 200229; Wang, 200530), 

because soil moisture deficits have several additional effects beside those on agro-ecosystems, 

most importantly on other natural or managed ecosystems (including both forests and pastures).  

 

Drought should not be confused with aridity, which describes the general characteristic of an arid 

climate (e.g., desert). Indeed, drought is considered a recurring feature of climate occurring in 

any region and is defined with respect to the average climate of the given region (e.g., Heim Jr., 

2002; Dai, 2011)31. Nonetheless, the effects of droughts are not affecting different regions 

equally (e.g., a short-term lack of precipitation in a very humid region may not be critical 

for agriculture because of the ample soil moisture supply). In fact for soil moisture or 

hydrological droughts, the main drivers as in the definition are reduced precipitation and/or 

increased evapo- transpiration as shown in figure (2.2), concerning  vegetation cover point 

(nature or cultivated) , the changes in simulated soil moisture drought are mostly driven by 

changes in precipitation, with increased evapo-transpiration from higher vapor pressure deficit 

which often linked to increased temperature and available radiation modulating some of the 

changes (e.g., Burke and Brown, 200832; Sheffield and Wood, 200833; Orlowsky and 

Seneviratne, 201134). 
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Figure 2.2. Simplified sketch, of processes and drivers relevant for meteorological,  

 
2.2. Drought Indices 

Because of the complex definition of droughts, and the lack of soil moisture observations, 

several indices have been developed to characterize (meteorological, soil moisture, and 

hydrological) drought (see, e.g., Heim Jr., 200235; Dai, 201136). Some indices are based solely on 

precipitation data, these include: 

- The Standard Precipitation Index (SPI) is a widely used index (McKee et al., 199337; Lloyd-

Hughes and Saunders, 200238), which consists of fitting and transforming a long-term 

precipitation record into a normal distribution that has zero mean and unit standard deviation. 

SPI values of -0.5 to -1 correspond to mild droughts, -1 to -1.5 to moderate droughts, -1.5 to -2 

to severe droughts, and below -2 to extreme droughts. Similarly, values from 0 to 2 correspond 

to mildly wet to severely wet conditions, and values above 2 to extremely wet conditions 

(Lloyd-Hughes and Saunders, 2002). SPI can be computed over several time scales (e.g., 3, 6, 

12, or more months) and thus indirectly considers effects of accumulating precipitation 

deficits, which are critical for soil moisture and hydrological droughts.  

- The Consecutive Dry Days (CDD) index is Another index commonly used in the analysis of 

climate model simulations, which considers the maximum consecutive number of days without 

rain (i.e., below a given threshold, typically 1 mm day-1) within a considered period (i.e., year 
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in general; Frich et al., 200239; Alexander et al., 200640; Tebaldi et al., 200641). For seasonal 

time frames, the CDD periods can either be considered to be bound to the respective seasons or 

considered in their entirety (across seasons) but assigned to a specific season.  

Other indices reflect both precipitation and estimates of actual or potential evapo- transpiration, 

in some cases also accounting for some temporal accumulation of the persistence of the drought 

anomalies, these include: 

-  The Palmer Drought Severity Index (PDSI) (Palmer, 196542), which measures the departure of 

moisture balance from normal conditions using a simple water balance model (e.g., Dai, 

201143). 

- The Precipitation Potential Evaporation Anomaly (PPEA), based on the cumulative difference 

between precipitation and potential evapo-transpiration used in Burke and Brown (2008)44. 

- The Standardized Precipitation-Evapo-transpiration Index (SPEI), which considers cumulated 

anomalies of precipitation and potential evapotranspiration and described in (Vicente-Serrano 

et al. 2010)45.  

 

There are still large uncertainties regarding observed global-scale trends in droughts. The AR4 

reported based on analyses using PDSI that very dry areas had more than doubled in extent since 

1970 at the global scale (Trenberth et al., 2007)46.  This assessment was, however, largely based 

on the study by Dai et al. (2004)47 only. These trends in the PDSI proxy were found to be largely 

affected by changes in temperature, not precipitation (Dai et al., 2004).  
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On the other hand, based on soil moisture simulations with an observation-driven land surface 

model for the time period 1950-2000, Sheffield and Wood (2008)48 have inferred trends in 

drought duration, intensity, and severity predominantly decreasing, but with strong regional 

variation  and including increases in some regions. They concluded that there was an overall 

moistening trend over the considered time period, but also a switch since the 1970s to a drying 

trend, globally and in many regions, especially in high Northern latitudes. Some regional studies 

are consistent with the results from Sheffield and Wood (2008a), regarding, for example, less 

widespread increase (or statistically insignificant changes or decreases) in some regions 

compared to the study of Dai et al. (2004). More recently, Dai (2011) by extending the record 

did, however, find widespread increases in drought both based on various versions of PDSI (for 

1950-2008) and soil moisture output from a land surface model (for 1948-2004). Hence there are 

still large uncertainties with respect to global assessments of past changes in droughts . 

Nonetheless, there is some agreement between studies over the different time frames (i.e., since 

1950 versus 1970) and using different drought indicators regarding increasing drought 

occurrence in some regions, although other regions also indicate opposite trends. See figure (2.3) 

and Table (), for definitions of regions used in Tables source: after, IPCC2012.  describe regional 

observed changes in temperature and precipitation extremes, including dryness, since 1950 

unless indicated otherwise, and using late 20th-century values as reference, generally 1961-1990.  
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Figure 2.3.  Definitions of regions used in Tables source: after, IPCC (2012). 
 

Coherent shifts in drought regimes are expected with changing global circulation 

patternsprovides regional and continental-scale assessments of observed trends in dryness based 

on different indices. More details concerned with continent could be reviewed in brief after IPCC 

(2012), as follows: 

- Much more severe and longer droughts occurred in the past centuries with widespread 

ecological, political, and socioeconomic consequences. Overall, these studies confirm that in 
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the last millennium several extreme droughts have occurred (Breda and Badeau, 200849; Kallis, 

200850; Büntgen et al., 201051). 

- In Europe, there is medium confidence regarding increases in dryness based on some indices in 

the Southern part of the continent, Dai et al. (2004)52 found an increase in dryness for most of 

the European continent based on PDSI, Lloyd-Hughes and Saunders (2002)53 and van der 

Schrier et al. (2006)54 concluded, that statistically significant changes were observed in 

extreme and moderate drought conditions in Mediterranean region. Sheffield and Wood 

(2008a) also found contrasting dryness trends in Europe, with increases in the Southern and 

eastern part of the continent. Beniston (2009)55 reported a strong increase in warm-dry 

conditions over all central-Southern Europe.  

- Trends of decreasing precipitation and discharge are consistent with increasing salinity in the 

Mediterranean Sea, indicating a trend toward freshwater deficits (Mariotti et al., 2008)56, but 

this could also be partly caused by increased human water use. In France, an analysis based on 

a variation of the PDSI model also reported a significant increasing trend in drought 

conditions, in particular from the 1990s onward (Corti et al., 2009)57. 

- The exceptional 2003 summer heat wave on the European continent was also associated with a 

major soil moisture drought, as could be inferred from satellite measurements (Andersen etal., 

2005)58, model simulations (Fischer et al., 2007a59,b60), and impacts on ecosystems (Ciais et al., 

200561; Reichstein etal., 2007). 62 
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In the different sub-regions of Africa there is overall low to medium confidence regarding 

regional dryness trends. 

- Changes in drought patterns have been reported for the monsoon regions of Asia and Africa 

with variations at the decadal time scale (e.g., Janicot, 2009)63.  

- In the Sahel, recent years have been characterized by greater inter-annual variability than the 

previous 40 years (Ali and Lebel, 200964; Greene et al.,200965), and by a contrast between the 

western Sahel remaining dry and the eastern Sahel returning to wetter conditions (Ali and 

Lebel, 2009).  

- Giannini et al. (2008)66 report a drying of the African monsoon regions, related to warming of 

the tropical oceans, and variability related to ENSO 

 

 

 The regional observed changes in temperature and precipitation extremes within the study area  

including dryness, are shown Table  (2.1), after  (IPCC 2012). 
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Table  2.1. Regional observed changes in temperature and precipitation extremes, including dryness, after,  IPCC 2012 

 

EUROPE AND MEDITERRANEAN  

Temp. max High confidence: Likely increase in WD and likely decrease in CD in most of the region. Some regional and temporal 

variations in significance  of trends. Likely strongest and most significant trends in the Iberian Peninsula and Southern 

France (Medium confidence: Smaller or less significant trends in S.E. Europe and Italy due to change point in trends 

at the end of the 1970s / beginning of 1980s; sometimes linked with changes in sign of trends; strongest WD increase 

since  

Temp.min High confidence: Likely increase in WN and likely decrease in CN in most of the region. Some regional variations in 

significance of trends. Very likely overall increase in WN and very likely overall decrease in CN in S.W. Europe and 

W. Mediterranean; likely strongest signals in Spain and Southern France. Likely overall tendency for increase in WN 

and likely overall tendency for decrease in CN in S.E. Europe and E. Mediterranean  

Heat Waves/Warm Spells High confidence: Likely overall increase in HW in summer (JJA). Significant increase in max HW duration since 

1880 in Iberian Peninsula and west Central Europe in JJA. Significant increase in max HW duration in Tuscany 

(Italy). Significant increase in HW indices in Turkey and to a smaller extent in S.E. Europe and Turkey in JJA. Less 

significant signal in HW indices in S.E. Europe due to presence of change point in trends. 

Heavy Precipitation Low confidence: Inconsistent trends within domain and across studies. 

Medium confidence: Overall increase in dryness (SMA, PDSI, CDD), but partial dependence on index and time 

period. 

Dryness Medium confidence: Overall increase in dryness (SMA, PDSI, CDD), but partial dependence on index and time 

period. 
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AFRICA REGIONS  

ALL AFRICA  

Temp. max Low confidence to medium confidence: 

Low confidence due to insufficient evidence (lack of literature) in many regions. 

 Medium confidence in increase in frequency of WD and decrease in frequency of CD in Southern part of continent.  

Temp.min Low confidence to medium confidence depending on region: Low confidence due to insufficient evidence (lack of 

literature) in many regions.  

Medium confidence in increase in frequency of WN in Northern and Southern part of continent  Medium confidence 

in decrease in frequency of CN in Southern part of continent.  

Heat Waves/Warm Spells Low confidence: Insufficient evidence (lack of literature). Some analyses for localized regions  

Heavy Precipitation Low confidence: Partial lack of data and literature and inconsistent patterns in existing studies. 

Dryness Medium confidence: Overall increase in dryness (SMA, PDSI); regional variability, 1970s prolonged Sahel drought 

dominates (Sheffield and Wood, 2008a; Dai, 2011). No apparent continent-wide trends in change in rainfall over the 

20th century, although there was a continent-wide drought in 1983 and 1984. Wet season arrives 9ï21 days later, large 

inter-annual variability of wet season start, local scale geographical variability. 

W. AFRICA   (WAF, 15) 

  

 

 



 
 

Table 2.1.Contôd 

Temp. max Medium confidence: Significant increase in temperature of warmest day and coldest day, significant increase in 

frequency of WD, and significant decrease in frequency of CD in western central Africa, Guinea Conakry, Nigeria, 

and Gambia.  

Low confidence: Lack of literature in other parts of the region 

Temp.min Medium confidence: Decreases in frequency of CN in western central Africa, Nigeria, and Gambia; insignificant 

decreases in frequency of CN in Guinea Conakry. 

Low confidence: Lack of literature on changes in CN in other parts of the region. 

Medium confidence: Increases in frequency of WN. 

Heat Waves/Warm Spells Low confidence: Insufficient evidence (lack of literature) for most of the region; increases in WSDI in Nigeria and 

Gambia. 

Heavy Precipitation Medium confidence: Precipitation from heavy events has decreased (western central Africa, Guinea Conakry) but low 

spatial coherence (), rainfall intensity increased. 

Dryness Sahel drought dominates, conditions are still drier (SMA, PDSI, precipitation anomalies) than during the humid 1950s. 

Dry spell duration (CDD) overall increased from 1961 to 2000. Recent years characterized by a greater 

Inter-annual variability than previous 40 years, western Sahel remaining dry and the eastern Sahel returning to wetter 

conditions. 

E. AFRICA (EAF, 16) 

Temp. max Low confidence: Lack of evidence due to lack of literature and spatially non-uniform trends. Over time period 1939ï

1992 spatially non-uniform trends in daytime temperature, some areas with cooling. In Southern tip of domain 

increases in WD, decreases in CD 
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Temp. min Medium confidence: Over time period 1939ï1992, spatially non-uniform trends, rise of nighttime temperature at 

several locations, but with many coastal areas and stations near large water bodies showing a significant decrease . In 

Southern tip of domain, decreases in CN, increases in WN. 

Heat Waves/Warm Spells Low confidence: Insufficient evidence (lack of literature) for most of region; increase in WSDI in Southern tip of 

domain. 

Heavy Precipitation Low confidence: Insufficient evidence (lack of literature) to assess trends. 

Dryness Low confidence: Spatially varying trends in dryness (SMA, PDSI). 

  

S. AFRICA (SAF, 17) 

Temp. max Medium confidence: Increases in WD, decreases in CD. 

Temp.min Medium confidence: Decreases in CN, increases in WN. 

Heat Waves/Warm Spells Medium confidence: Increase in WSDI. 

Heavy Precipitation Low confidence: No spatially coherent patterns of trends in precipitation extremes. 

Dryness Medium confidence: Slight dry spell duration increase. General increase in dryness (SMA, PDSI) 

SAHARA (SAH, 14) 

T. max Low confidence: Lack of literature. 

 

 



 
 

Table 2.1.Contôd 

T. min Medium confidence: Increases in WN (Alexander et al., 2006). 

Low confidence: Lack of literature on trends in CN. 

Heat Waves/Warm Spells Low confidence: Insufficient evidence (lack of literature). 

Heavy Precipitation Low confidence: Insufficient evidence. 

Dryness Low confidence: Limited data, spatial variation in the trends (Dai, 2011). 

W. ASIA (WAS, 19) 

Tmax High confidence: More likely than not decrease in CD and very likely increase in WD (Rahimzadeh et al., 2009; 

Rehman, 2010). 

Tmin High confidence: Likely decrease in CN and likely increase in WN (Rehman, 2010). 

Heat Waves/Warm Spells Medium confidence: WSDI increase (Alexander et al., 2006). 

Heavy Precipitation Medium confidence: Decrease in heavy precipitation events (Kwarteng et al., 2009; Rahimzadeh et al., 2009). 

Dryness Low confidence: Lack of studies for part of the region; mixed results (Sheffield and Wood, 2008a; Rahimzadeh et al., 

2009). 
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2.3. Major Key Massage Indicated in IPCC 2012,  

 

We could quote as follows: 

  

- There is medium confidence that since the 1950s some regions of the world have experienced 

trends toward more intense and longer droughts, in particular in Southern Europe and West 

Africa, but in some regions droughts have become less frequent, less intense, or shorter, for 

example, central North America and northwestern Australia.  

 

- There is medium confidence that anthropogenic influence has contributed to some changes in 

the drought patterns observed in the second half of the 20
th
 century, based on its attributed 

impact on precipitation and temperature changes (though temperature can only be indirectly 

related to drought trends).  

 

- However there is low confidence in the attribution of changes in droughts at the level of 

single regions due to inconsistent or insufficient evidence. 

 

- Post-AR4 studies indicate that there is medium confidence in a projected increase in 

duration and intensity of droughts in some regions of the world, including Southern Europe 

and the Mediterranean region, central Europe, central North America, Central America and 

Mexico, northeast Brazil, and Southern Africa. Elsewhere there is overall low confidence 

because of insufficient agreement of projections of drought changes(dependent both on 

model and dryness index).  

 

Definitional issues and lack of data preclude higher confidence than medium in observations of 

drought changes, while these issues plus the inability of models to include all the factors likely to 

influence droughts preclude stronger confidence than medium in the projections.  
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2.4. Drought in Study Area 

Recent and potential future increases in global temperatures are likely to be associated with 

impacts on the hydrologic cycle, including changes to precipitation and increases in extreme 

events such as droughts, (Sheffield and Wood 2008)67. Droughts are the worldôs costliest natural 

disasters, causing an average $6ï$8 billion in global damages annually and collectively affecting 

more people than any other form of natural disaster, (Wilhite 2000)68. Given the consequences 

and pervasiveness of drought, it is important to assess drought severity, but the precise 

quantification of drought is a difficult geophysical endeavor. Numerous specialized indices have 

been proposed to do this; for an extensive listing of available indices, the reader is referred to 

WMO (1975)69 and Heim (2000)70.  

 

The study carried out by Sheffield and Wood 2008, to analyze changes in drought occurrence 

using soil moisture data, under the future projections, showed decreases in soil moisture globally 

for all scenarios with a corresponding doubling of the spatial extent of severe soil moisture 

deficits and frequency of droughts from the mid-twentieth century to the end of the twenty-first. 

Long-term droughts become three times more common. Regionally, the Mediterranean, west 

African, central Asian and central American regions show large increases most notably for long-

term frequencies as do mid-latitude North American regions but with larger variation between 

scenarios.   

 

The study conducted by Burke and Brown, (2007)71 using different indices related to moisture 

(Palmer drought severity index PDSI, and soil moisture anomaly SMA), shows increases in the 

proportion of the overall increase in areas affected by drought.  The study also showed that all 

indices that include some measure of the atmospheric demand for moisture (PPEA, PDSI, and 

SMA) show increases in the proportion of the global land surface in drought ranging from an 

additional 5%ï45%. SPI, based solely on precipitation, shows much smaller global changes 

ranging from 5% less to 10% more of the land surface. In addition to the overall increase in area 

affected by drought, the area in more severe drought increases much more than the area in less 

severe drought. This could have serious consequences as the impact of drought on 

socioeconomics increases with the severity of drought. They added that regionally, there is a 

very large range in the sign and magnitude of drought changes. The only regions where there is a 

consistent increase in drought across all indices and ensembles are those where the annual 

average precipitation decreases as found for the Mediterranean, Amazonia, and Southern Africa.  

 

In other regions the sign and magnitude of the change in drought is dependent on index 

definition and ensemble member. The impact of change in drought will be felt at the regional 

scale. Therefore, in order to perform optimum impact assessments of changes in  drought, 
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regional studies are required using locally appropriate drought indices. For example, a soil-

moisture-based drought index on a daily basis over the growing season will be most relevant for 

studying the impacts in agriculture.  

 

Regional climate simulations highlight the Mediterranean region as being affected by more 

severe droughts, consistent with available global projections; Giorgi, (2006)72, calculated the 

Regional Climate Change Index RCCI using wet season (WS) and dry season (DS) as defined by 

Giorgi and Bi, (2005)73, temperature and precipitation over 26 land regions of the world, as 

shown in figure (2.4), and out of 20 global model simulations the RCCI for the different regions 

showed that the most prominent Hot-Spots emerging from the RCCI analysis are the 

Mediterranean and North Eastern Europe (NEE) regions, Mediterranean was identified as the 

most prominent Hot-Spots emerging from the Regional Climate Change Index RCCI analysis, a 

large decrease in mean precipitation and an increase in precipitation variability during the dry 

(warm) season, which makes the Mediterranean one of the most responsive regions to global 

change,; (Giorgi 2006). the analysis presented here identifies the Mediterranean and 

Northeastern Europe regions as the most prominent climate response Hot-Spots, followed by 

high latitude Northern hemisphere regions and Central America. The latter appears to be the 

primary Hot-Spot in the tropics, immediately followed by Southern Equatorial Africa and 

Southeast Asia. Other prominent mid-latitude Hot-Spot regions are Eastern North America and 

Central Asia.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4. Regional Climate Change Index RCCI  

Simulated precipitation regimes depict a globally drier Mediterranean in 2030ï2060, with a 10ï

20% drop in annual rainfall, a drier Mediterranean in 2031ï 2060 translates into about 1 week of 

additional dry days along the coast and in the already dry southeast basin; Over land areas in the 
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Northern part, up to and over 3 weeks of additional dry days; thus, if the effects of ozone are to 

be included in an assessment of crop yields in the Mediterranean under a future climate scenario, 

the results are likely to be greater yield reductions; (figure 2.5), (Giannakopoulos et al, 2009  and 

Dai, 2010 ). 

 

Figure 2.5. Mean annual sc-PDSI pm for years (a) 1950ï1959, (b) 1975ï1984, (c) 2000ï2009, 

(d) 2030ï2039, (e) 2060ï2069, and (f) 2090ï2099 calculated using the 22-model ensemble-

mean surface air temperature, precipitation, humidity, net radiation, and wind speed used in the 

IPCC AR4 from the 20th century and SRES A1B 21st century simulations.128 Red to pink areas 

are extremely dry (severe drought) conditions while blue colors indicate wet areas relative to the 

1950ï1979 mean. 
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2.4.1. Drought in Mediterranean: 

Mariotti et al., (2008 described the Southern Europe-Mediterranean region as a well-known 

region for its pleasant climate that has favored the rise of past great civilizations. People have 

learned to deal with an almost total lack of rainfall during the summer months, but water is still 

one of the most vulnerable aspects of life in the region, now supporting an increased local 

population. Under a suite of global climate change scenarios, the Fourth Assessment Report of 

the Intergovernmental Panel on Climate Change (IPCC-AR4 hereafter; (IPCC 2007)74) projects 

major changes in the Mediterranean region, in particular as a óHot Spotô in hydrological change 

with significant impacts on both mean precipitation and variability (Gibelin and Deque 200375, 

Giorgi 200676, Ulbrich et al 200677, Giorgi and Lionello 200878, Sheffield and Wood 200879). In 

fact Mediterranean countries are experiencing an increased drought frequency, intensity and 

duration that have resulted in increased drought losses and impacts on agricultural production, 

rural livelihoods, migration, urban, economic sectors and ecosystem decline.  

 

Mariotti et al., (2008)80 , the CMIP3 model simulations show a progressive decrease in rainfall in 

the Mediterranean region that has been on-going during the 20th century (ī0.007 mm/d per 

decade; see table 2S (available at stacks.iop.org/ERL/3/044001) for a summary of all trends) and 

accelerates around the turn of the 21st century, followed by rapid drying from 2020 and onwards 

(figure 1; ī0.02 mm/d per decade). The projected changes will cause Mediterranean land regions 

to become gradually more arid, with roughly 15% less precipitation in 2070ï2099 compared to 

1950ï2000, and an 8% decrease already by 2020ï2049. The amplitude of the mean change 

foreseen by 2020ï2049 (about 0.1 mm/d) is comparable to that of the driest spells experienced 

by the region during the 20th century, (figures 2.6 a, b). CMIP3 simulations for the 20th century 

suggest that the Mediterranean region has a tendency toward drier and warmer conditions.  All 

datasets, winter season precipitation shows a major downward deviation over the period 1960ï

2004 (ī0.09Ñ0.02 mm/d per decade), with inter-decadal variations, a decrease during the period 

mid-1960s to early-1990s and an increase after that while dry season showed negative trends 

over the period 1950ï2000 have also been observed in relation to a blocking-like pattern 

deflecting storms away from much of western and Southern Europe (Pal et al 2004). These 

tendencies are supported by observational evidence of century-long negative trends in regionally 
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averaged precipitation, PDSI and discharge from numerous rivers; and are consistent with 

reported increases in Mediterranean sea water salinity, (figure 2.7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.7 Mediterranean water cycle changes observed during the 20th century relative to the period 

1950ï2000. Area-averaged annual mean precipitation anomalies (six years running means) from various 

datasets (panel a; mm/d) and PDSI (panel b; au); discharge anomalies (units are % of climatology) for 

various Mediterranean rivers (panel c). Due to data availability, discharge anomalies are relative to the 

1960ï1980 period. 

 

The study reflected that By 2070ï2099, that precipitation is projected to decrease throughout the 

year and particularly during the dry season about ī10% and 23% for the wet and dry seasons, 

respectively. In contrast, most of the land evaporation decrease occurs during the summer dry 

 

  

Figure. 2.6 Mediterranean water cycle anomalies over  the period 1900ï2100 relative to 1950ï

2000. Area-averaged evaporation (brown), precipitation (blue) and precipitation minus 

evaporation (black; P ī E) are based on an average of CMIP3 model, after . Mariotti et al., 2008 
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season (ī12%) when land surface aridity will be greatest. The combination of these changes 

results in a decrease in effective land precipitation that is similar during the wet and dry seasons 

(about 20%). Over the sea, freshwater deficit will increase throughout the year and particularly 

during the wet season (29%) when evaporation increase will be at a maximum (about 7%). The 

pattern of maximum precipitation changes has a general South to North migration going from 

winter into summer, following the climatological seasonal cycle of precipitation (figure 2.8) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.8. Mediterranean water cycle changes by 2070ï2099 compared to 1950ï2000 for the ówetô and 

ódryô seasons. Precipitation (a)  and (b), evaporation (c) and (d), and precipitation minus evaporation (e) 

and (f). Anomalies are based on an average of CMIP3 model runs. For all, units are mm/d. The box 

broadly depicts the Mediterranean region. 
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2.4.2. .Drought in Arab Region 

The precipitation regime over the Arab region is characterized for most countries by a strong 

seasonal behavior, with a rainy season mostly concentrated between November and March. 

While the average precipitation in transition months (e.g. April, May, October) has a small 

impact on annual totals, summer (June to September) precipitation can be considered irrelevant. 

Therefore, all major droughts in this region are characterized by the lack of rainfall during 

several months of the winter half of the year (e.g. Soltani et al., 2007)81. The occurrence of 

droughts in this semi-arid region is a usual feature driven by its precipitation regime, 

characterized by a strong inter-annual and decadal variability (e.g. Morid et al., 200682; Freiwan 

and Kadioglu, 200883). 

 

Drought is extremely serious problem in the Arab region, and will increase causing serious threat 

for all Arab countries that already are suffering from fragility ecosystems, and facing severe risks 

of depletion of soil, vegetation, and water resources on daily basis. The strong seasonal and inter-

annual variability of vegetation in most semi-arid regions is a subject of particular interest due to 

the ecological and economic impacts. In particular, the high sensitivity of vegetation to 

climate forcing may result in rapid land use changes and high vulnerability to land 

degradation, as result of human action (Evans and Geerken, 2004)84. Over longer periods, 

small changes may have a considerable impact on the viability of agricultural and pastoral 

systems (deMenocal, 200185; Hole, 199486; Weiss and Bradley, 200187). In this environment, 

natural vegetation and non-irrigated crops are crucially dependent on soil moisture provided by 

seasonal rains or springtime snowmelt.  

 

This dependence leads to quite different vegetation activity levels on seasonal and inter-annual 

time scales (DallôOlmo and Karnieli, 200288; Weiss et al., 2004). Consequently, opportunistic 

annual species may appear rapidly in response to humid condition of the soil and their greenness 

is mainly related to recent precipitation (Zaitchik et al., 200789). On the other hand, winter crops 

and persistent vegetation are dependent on deeper reserves of soil moisture and their vegetative 

cycle is the result of the combined effect of precipitation (over weeks and months), evaporation 
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and in some regions, of temperature. The strong dependence of vegetation dynamics on water 

availability has been for long recognized in the Mediterranean and other semi-arid regions 

(Eagleson, 200290; Rodríguez-Iturbe and Porporato, 200491; Vicente-Serrano and Heredia-

Laclaustra, 200492; Vicente-Serrano, 200793). A combined effect of lack of precipitation over a 

certain period with other climatic anomalies, such as high temperature, high wind and low 

relative humidity over a particular area may result in reduced green vegetation cover. When 

drought conditions end, recovery of vegetation may follow (Nicholson et al.1998) but such 

recovery process may last for longer periods of time (Diouf and Lambin, 200194).  

This is coupled with a population increase within this region rushing at scary rates further 

increase stresses on natural resources.  

 

According to Erian et al, (2011)95, 28 percent of the Arab countriesó population already lives in 

areas vulnerable to drought  as shown in table ( ) 

 

Table  Agriculture drought Hazard in Arab Region and affected population. 
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The study of the standardized precipitation index SPI, for the east MED shows that, over the last 

century the SPI has dropped by around 0.5 to 1 points with the exception of a part of Iraq, the 

entire region has negative trends of annual SPI and annual precipitation, and countries most 

affected by the decrease are Jordan, Syria, Lebanon and Palestine; figure (11) (Göbel and De 

Pauw, 2010)96.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Change in SPI index points by decade (left), Absolute change in the annual Aridity 

Index (right) 

 

The region is subject to frequent agriculture (soil moisture) droughts and rainfed crops are 

strongly affected by precipitation fluctuations; mainly in the areas were annual rainfall range 

between 120/150 ï 400 mm, they are considered moderately to sever vulnerable areas to drought; 

figure (13) (Erian et al, 2006) . 
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Figure 13. Areas That Are Vulnerable to drought Hazard. 

a. Drought in Syria 

Syria occupies the Eastern coast of the Mediterranean sea. The surface area of the country is 

about 185.518 Km² of which 32.2% is arable land (six million ha.), and 45% steppe and pasture 

lands. .The country is divided into 14 governorates with a total population in 2007 of about 20.7 

million The annual growth rate has decreased from 3.35% in the 1970s to about less than 3% 

during the last five years, (Figure.). The population density has increased  from 34 inhabitant in 

km2  in 1970 to about 102 in 2007.The percentage of urban population  has increased very fast 

from about 43.5 in the seventies to about 53.5 in 2007 (SINC report,2009)97. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The density population map of Syria 2010 (person/Km2),source:  SEDAC Map Client 

 

In Syria, where the rainfall represents 68.5% of the available water sources, the precipitation 

concentration index (PCI) for the period (1960-2006) has been studied in Al Jazerah region (area 

tht include 3 governorates in the North Eastern part) , and the study show sever decrease in 

annual rainfall quantities that has been estimated by (27.7%) in Kamishli, (19.2%) in Tel-Abiad  

and (26%) in Hassakah and related to the decreasing in spring and winter rainfall quantities;  

(Skaff and Masbate, 201098).The model-derived climate sensitivity of the Euphrates, Upper 

Tigris and Greater Zab river discharges (Smith et al. 200099) shows that for Euphrates River, an 

increase or decrease in precipitation by 25% raises or lowers the discharge profile while keeping 
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its shape unchanged. The annual discharge rises to 40655 M cm or drops to 15751 M cm /y  

compared to the reference value of 27048 M  cm. This is a 50% rise and a 42% drop, nearly 

twice the imposed percentage change in precipitation. Knowing that regional modeling studies 

expected a reduction of rainfall in mid 21st century Evans, (2008)100 , figure (  ) around  40-50 

mm in the upper Euphrates and Tigris basin which is 14 about 7% of average rainfall, it is 

expected to have about 11% drop in Euphrates river discharge.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure . Demonstrates an  the change in precipitation by amount and significance. 

(the probability (significance) of the change is calculated as a t-test between the precipitation 

now and the precipitation simulated in mid 21
st
. century),after (Evans, 2008). 

 

Other studies (Lehner et al, 2001101 and EEA, 2004102) also expected around 10 to 25% reduction 

in river runoff in the upper Euphrates and Tigris basin in 2070 versus 2000 which prove the 

previous argument. .Kitoh et al. (2008)103, presented even more pessimistic results in their 

projections of rainfall and stream-flow in the óFertile Crescentô of the Middle East.  They found 

that the annual discharge of the Euphrates River will decrease significantly (29%ï73%), as will 

the stream-flow in the Jordan River. Thus countermeasures for water shortages will become 

much more difficult. This negative trend of precipitation during the past century and beginning 

of 21 century is of a similar magnitude as that predicted by most of the GCM for the 

Mediterranean Region in the coming decades. 

  

                                                           
100

 (Evans, 2008); http://web.maths.unsw.edu.au/~jasone/eplots/pics/evans_4_1_lg.png 
101

 Lehner, B.; Henrichs, T.; Döll, P.; Alcamo, J., 2001. EuroWasser   Model-   based assessment of European water 

resources and hydrology in  the face  of   global change. World Water Series 5, Center for Environmental 

Systems     Research, University of Kassel. 
102

 EEA, 2004. Impact of climate change, EEA Report No 2/2004. Available at 

http://reports.eea.eu.int/climate_report_2_2004/en. 
103

 Kitoh A., Yatagai, A., and Alpert, P. 2008. First super-high-resolution model projection that the ancient óFertile 

Crescentô will disappear in this century.Hydrological Research Letters, 2, 1ï4. The Japan Society of Hydrology 

and Water Resources. 

 

http://web.maths.unsw.edu.au/~jasone/eplots/pics/evans_4_1_lg.png
http://reports.eea.eu.int/climate_report_2_2004/en


49 
 

Syria is part of the historical region of Fertile Crescent area that was recently hit by an intense 

and prolonged drought episode as a consequence of the very low values of precipitation 

registered during the two hydrological years comprised between 2007 and 2009. This drought 

event had major socio-economic impacts in several countries located within the affected area, 

namely; Iraq, Jordan, and Iran beside to Syria. The economic impact was mostly due to the steep 

decline in agricultural productivity in the highly populated areas of the Euphrates and Tigris river 

basins (Shean, 2008a104,b105,c106). The occurrence of the two strongest prolonged droughts in the 

last decade (1997-2000 and 2005-2009) raises some concerns that this could become the norm, 

rather than the exception, in the future. 

 

According to Trigoa  (2010)107, the most affected part of the Fertile Ceresin region by the drought 

are eastern Syria and Northern Iraq and Iran, which correspond to the major grain-growing areas 

of these countries. With the exception of the irrigated areas within the Euphrates and Tigris 

basin, the vast majority of crops in these regions are non-irrigated and thus dependent on winter 

precipitation.  

 

When the whole two-year events are considered, the agricultural impacts of the 2007ï2009 

drought emerges especially severe in Iraq compared to the 1999ï2000 drought, and more acute 

in barley production, whereas Syria and Iran production levels remained similar or even higher 

than those for the 1998ï2000 drought. 

 

Areas affected by drought hazard in Syria have been estimated by 34% of Syrian territory, where 

area of about 10% is of moderately hazard to drought, and area of about 4% is highly hazard. 

Most of the hazard areas are considered important areas for rainfed crop production in Syria, the 

spatial distribution of the hazard to drought shown that farming regions at south-western and 

north-eastern parts of the country are mostly affected, especially in Hassakeh governorate; Erian 

et al., (2011) 108,(the light blue color over the Turkey Mountains is correspond with the snow 

water presented by Onol, B. & Semazzi, F. 2006109, as shown in figure ).   
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Figure Agriculture drought hazard in Syria and surroundings 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. Climate change prediction for Turkey: Changes in snow water equivalent (in mm) 

affecting Euphrates and Tigris basins (Onol, B. & Semazzi F. 2006). 

 

 

Major impacts of drought in Syria could be described as follows: 

- Agricultural production:  

The eastern part of Syria represent 31.75% of the total rainfed areas of Syria and due to 

drought has been declined from 1.12 to 0.98 million hectare, during the years from 2000 to 

2009; The region is contributing by 58% of the total wheat production, 68-78% of the total 

cotton production,  62-72% of the total maize production and 22% of the total sugar beet 

production, and have 30% of the goats, 36-41% of the sheep and 31-34% of the cows. 

Kattana, 2011. Rainfed wheat area normally amounts to more than 0.8 million hectares, and 

is extremely reliant on timely rainfall during the growing season, wheat production has 

dropped in the eastern part of Syria by 25.9% during the years 2000-2009, and total 
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production from 2.6 to 2.1 million ton during the years 2005-2009 and reaching to 1.2 and 

1.9 million ton in 2008 and 2009 respectively 

  

- Rural Livelihoods:  

The severe shortage of rainfall that has lasted more than four agriculture seasons (2007/2008 

ï 2010/2011) has crippled agriculture in eastern and Northeastern Syria; farmers who depend 

on only one crop are in trouble - they have nothing else to help them and they have to move; 

Erian et al, 2011; Kattana, 2011; UNISDR, 2011 and FAO, 2011. Increased respiratory 

infections, particularly because of the atmosphere nebular (dusty), particularly in the north-

eastern areas lack of water (for drinking and domestic use) or provided by a non-secure 

health, leading to a variety of digestive diseases tract and diarrhea (especially in children), 

and kidney disease; FAO, 2011. A rise in the rate of borrowing in rural households in the 

three provinces between 2006 and 2010 estimated by 350%; ACSAD, 2010. 

- Migration:  

During the years 2007 to 2011, Some 1.3 million people (206000 households) of a 

population of 22 million have been severely affected by the disaster, of which 800,000 have 

lost almost all of their livelihoods and face extreme hardship. Migration out of the affected 

areas has increased, with estimates indicating that between 40,000 to 60,000 families, with 

35,000 from ñHassakeh governorateò alone have driven to urban settlements on so called 

mass migration toward Syria's cities such as Aleppo, Damascus and Deir ez Zour in search 

of work and for new sources of income, many ending up with difficult laboring work. in one 

of the largest internal displacements in the Middle East in recent years; Nashawatii, 2011 

and Erian et al , 2010. , most of the houses on villages are left empty and less than 10% are 

occupied by elder people and children, The younger generations left seeking work, many 

left to Lebanon or Jordon, as workers in the sectors of construction or agriculture. Women 

left to work in the western part of Syria, for packing vegetables in ñTartousò green houses; 

Erian et al., 2011. 

- Ecosystem decline:  

Due to drought that increased in frequency, intensity and duration, the deficit in available 

water has been estimated of about 651 million M3 during the years 1995-2005, and still 

increasing with expectation to rise to 2077 million M3 by the year in 2030 only because of 

population growth and the increasing pace of development; Nashawatii, 2011. Decline in 

availability of irrigation water in the Hassakeh governorate is largely due to the hydrological 

drought of Khabour River, this has led to the decline in irrigated areas, the water scarcity 

has led to increasing pressures on ground water resources and brought the water crisis to 

critical levels; FAO, 2011 and Mora, 2011. Increase of moderate and severe land 

degradation that estimated during the period from 1999 to 2007 by 34.8% of the total area of 

Syria; ACSAD, 2009.  
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2.4.3. .Drought in Europe  

 

Droughts were long considered a hazard affecting mainly developing countries, but public 

awareness has increased in the past years in the industrial countries especially with respect to the 

climate change issue predicting more extreme hydrological conditions (Demuth and Stahl, 

2001110). The European countriesô agricultural GDP share is well below 5%, (FAO 2012 ) and in 

most of the countries it is less than 3%. Therefore, in Europe drought impacts on the industry and 

service sector are more harmful to the economy than agricultural losses.  

 

Since the demand for European water resources has increased in the past decades, future 

conflicts between human requirements (commercial, social and political) and ecological needs 

are likely to increase, too. These conflicts are most critical and intensive during severe and 

extensive droughts. In the early 1990s Europe experienced severe droughts resulting in 

significant economic and environmental costs. The damage in Spain (1992-95), where the 

drought affected about 500 000 hectares of irrigated land alone in the Guadalquivir river basin, 

was estimated at several billion Euro (Garrido and Gómez-Ramos, 2000111). The 2003 drought in 

Europe accounted for almost 1/3 of the economic natural hazard losses (US$ 12.4 billion) 

Agriculture and industry in Southern Spain and Portugal were hit by severe drought in 2004. 

France and the UK suffered similar problems in 2006, (Munich Re 2004112).  

 

The assessment carried out in the past thirty years reveals that drought events have regularly 

occurred. The duration of each event, the area and population affected have been variable 

throughout this period, (EU 2007113). Information provided by EU member States made it 

possible to identify severe events that on annual basis affected more than 800 000 km²  of the EU 

territory (37%), figure ( ) and 100 million inhabitants (20%) in 1989, 1990, 1991 and more 

recently in 2003, (figure ). Information also revealed that at least Austria, Belgium, Cyprus, 

France, Hungary, Italy, Lithuania, Malta, Netherlands, Norway, Portugal, Spain and United 

Kingdom have been affected by droughts in the last thirty years, but with different degrees of 

intensity. Italy, Portugal, Cyprus, Spain and France have registered the highest frequency of 

droughts from 1976 to nowadays, with 8 to 21 events per country. However, several Northern 

and Eastern countries (Belgium, UK, Finland, Germany, Hungary, Lithuania, Netherlands, 

Norway, Slovakia,) have also experienced severe droughts, particularly in recent years.  

 

The same report illustrated that drought duration is largely variable from one country to another. 

In Cyprus, Italy, Portugal, Spain, droughts may last one or several years.  In other countries, 

droughts have been predominant during one month (Hungary, Germany, Lithuania) or from two 
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to six months (Austria, Belgium, France). Finland was affected by a 270 day drought from 

August 2002 to April 2003. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  EU area affected by droughts in the last 30 years. Source: EU Member State data, 

Commission, November 2006 

Figure  EU population affected by droughts in the last 30 years. Source: EU Member State data, 

Commission, November 2006 
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The report figures stress a significant increase in annual average EU territory (from 6% to 13%) 

and population (from 6% to 13%)  affected by droughts between the 1976-1990 period and 1991-

2006 period Information from Member States provides a  first estimation of the main drought 

impacts. Some countries provided economic costs incurred due to specific drought.  

 

The compilation of this data and the translation in unit costs made it possible to estimate the 

overall economic impacts of drought events in the past thirty years to a total of 100 billion ú at 

EU level. Results show that the annual average impact has doubled between the 1976-1990 

period and the next 1991-2006 period. It reached an average of 6.2 billion ú/year in the most 

recent years, with an exceptional cost of 8.7 billion ú in 2003. These estimations only cover 

economic costs. They do not include social and environmental costs due to an absence of data. 

Therefore, attention will have to be paid in a near future to the enhancement of data collection at 

EU and national levels, in order to improve the economic, social and environmental impact 

assessment.   

 

Winter droughts are caused by precipitation being stored in the catchment in the form of snow  

and ice, preventing any recharge  of rivers or aquifers until air temperatures rise again and snow 

melting starts, or to the timing (i.e. principal season of occurrence, delays in the start of the rainy 

season, occurrence of rains in relation to principal growth stages) and the effectiveness of the 

precipitation (i.e. rainfall intensity, number of rainfall events). (MED Joint Process FD/EUWI  

2006)114.   

 

Drought is also related to the timing (i.e. principal season of occurrence, delays in the start of the 

rainy season, occurrence of rains in relation to principal growth stages) and the effectiveness of 

the precipitation (i.e. rainfall intensity, number of rainfall events). Droughts usually have long-

term impacts, on natural water resources, as the water reservoirs, both surface and subsurface, 

need several rainy periods to be restored. As they are climate risks (rainfall deficiencies in 

relation to the annual or seasonal average) with hydrological consequences, that is to say 

consequences on renewable water resources, droughts are quite naturally the principal cause of 

random water shortage due to lack of water resources in all places where water demands are 

close in quantity to average annual water ñblue waterò resources; this is moreover because 

ñgreen waterò deficits (soil humidity) increase irrigation water demand:  the drought both 

reduces available water resources, while increasing the demands for natural water (MED WS&D 

WG 2007115).  

 

Climate change is expected to reduce water availability and increase irrigation withdrawals in 

Mediterranean river basins. Under mid-range assumptions on temperature and precipitation 

changes, water availability is expected to decline in Southern and south-eastern Europe (by 10 % 

or more in some river basins by 2030). The overall area affected by water scarcity can be 

estimated to 418 600 km² and the overall population to 76 375 000 inhabitants. In other words, at 
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least 11% of the EU territory and 17% of the EU population have been affected so far by water 

scarcity situations, figure ( ). Most affected river basins are located in Southern Europe, 

representing 62% of the total estimated EU area being affected. Apart from Southern countries, it 

is obvious that some river basins in Northern and Eastern countries are being affected by water 

scarcity. Drought is one of the most damaging natural hazards affecting the Iberian Peninsula, 

causing detrimental impacts on agriculture, water resources and ecosystems (Vicente-Serrano 

2006c , López-Moreno et al. 2009 , Lorenzo-Lacruz et al. 2010 ). There has been an increase in 

drought severity on the Iberian Peninsula in recent decades (Vicente-Serrano et al. 2004 , 

Vicente- Serrano 2006a ), mainly associated with a decrease in precipitation that has affected 

most of the region (González-Hidalgo et al. 2009 ). The evolution of drought on the NW Iberian 

Peninsula from 1930 to 2006, studied after Vicente-Serrano  et al (2011) , identified differences 

between the effects of precipitation variability and warming processes on drought severity and 

surface water resources. The vulnerability of semi-arid basins such as the Segura River basin 

(southeast Spain), to rainfall variability, implies uncertainties in agricultural activities, (ANDRA 

2011 ),    

 

Agriculture in Spain is considered one of the most affected countries by Drought, figure ( ) 

(Niemeyer S 2010) .  Agriculture is now experiencing limited developments: extraction costs are 

increasing, agricultural margins are reducing and a greater uncertainty is being put on 

production, leading to loss of competition, (EU 2007). Employment in the farming sector seems 

to decrease in water scarcity areas (Spain, Cyprus). But this information needs to be further 

addressed, notably by comparing this evolution with evolutions in other areas and with future 

mid-term or long-term evolutions in areas where production is profitable but water is being used 

unsustainably.   

 

 

 

                                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Areas with River Basins Affected by Water Scarcity 
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 In fact droughts and long dry periods in Europe have led to serious power failures in Europe and 

as a result, to great economic losses in the industrial and tourism sectors. Differently from other 

areas, and while most drought assessments concentrate on the effect on vegetation and estimated 

economic losses to agricultural production, drought risk might also consider the effects on the 

producing industry and service sector, e..g. nuclear power plants might have to run on lower 

production rates because their cooling systems depend on rivers or lakes.  

Additionally, power plants might have to shut down because the cooling water taken from lakes, 

rivers or the sea might be too warm to be used. combination of drought and a heat wave is 

dreadful. The power support is not only getting shorter due to the drought effects mentioned 

above, it is also stressed by the need for cooling systems that also demand a lot of energy. Most 

of the hydro power plants in areas affected by droughts suffer from reduced energy production 

due to lower water levels. Norway and other countries in Northern Europe that have a high 

consumption of hydropower also experience the economic effects of rising electricity prices 

during droughts (Cherry et al. 2000  and Acher 2002 ).  

Drought hazard map presented by Alvarez & Estrela (2001116) depended on large historically 

drought events. Accordingly the data accuracy is variable. Therefore, the map is applicable as a 

general overview map on past large drought events in Europe. The resulting potential drought 

hazard is calculated from the amount of recorded droughts during the last century. The map 

shows that the Mediterranean area has a wide variety of drought potentials. While Portugal and 
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Figure Drought index SPI for the period1999-2006 in rainfed agriculture area in Spain 
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western Spain have the largest drought potential in Europe, eastern Spain appears to generally 

have a lower potential. Some areas in Southern Europe that are usually associated with droughts 

appear less dramatic in this map. The reason for this lies in stronger local effects of agricultural 

droughts, as these might be partly related to the adequacy of agricultural systems and related 

water scarcity. A problem in this map is the severe jumps of two classes in some areas, like 

Northern Europe. Also, Southern Italy appears to have a low drought potential, even though 

areas with a higher drought potential surround it. The reason for this might be that the drought 

problem in Southern Italy is not directly related to precipitation deficits but to other reasons not 

displayed here. As mentioned above, the data and map shown here represent one indication for 

drought potential, (Schmidt-Thomé, P. & Kallio, H. 2006117).  
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Figure Drought hazard map of Europe, after Alvarez & Estrela (2001) 
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The following table summarizes the information provided by member States on the impacts of 

several drought events, after, (MED WS&D WG 2007118). . 
 

 

 

 

 

Table   Drought losses incurred by Member States due to past droughts (Million  ú), after 

(MED WS&D WG 2007 ). 

 

Period 

 
EU State 

Economic impacts 

Social 

impacts 

Environmental 

impacts 
Others Public 

water 

supply 

Indust

ry 
Energy Agriculture Navigation 

1975-1976  Portugal   147 53     

1976 Belgium**  350 5 21     

1961-1990 Hungary 50 300 200 4000 50 0.04 7 310 

1981-1983 Portugal 14  238 62    1 

1989-2002 France    1540   145/year 330/year 

1990-1995 Spain 22  210 1800    1541 

1992-1993 Portugal   426 241    12 

1995 UK***  352 265 24 324 141 0.5   

2002-2003 Finland 10 1 50 17 .1 25 2.5 13 

2003 Belgium**  1  1 .05    

2003 France   300 590     

2003 Germany    1000     

2004-2005 Portugal 9 32 261 519   9 14+23* 

2005 France   270 250     

2005 Spain   713 2500   114  

2006 Netherlands   10 600 72    

2006 Lithuania    201     
 

* During the 2004-2006 drought, Portugal had to spend 23 Mio ú in urban water supply. In 66 municipalities (100 

500 inhabitants), urban water supply was supplemented by 22 850 water tank operations.  

** These figures are the results of simulations. For 1976, damages have been estimated taking into account actual 

water uses (2002).   

*** Costs are related to the 1995 hot dry summer and drought together. The impact of the 1995 drought itself was 

around ú 140 Mio. 
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2.4.4. Drought in the Horn of Africa and Sahel. 

 

Since mid-July 2011, a severe drought has been affecting the entire East Africa region, 

According to OCHA (2011)
119

, weather conditions over the Pacific, including an unusually 

strong La Niña, have interrupted seasonal rains for two consecutive seasons. The rains failed in 

2011 in Kenya and Ethiopia, and for the previous two years in Somalia. FEWS NET declared 

that the crisis was "the most severe food security emergency in the world today, and the current 

humanitarian response is inadequate to prevent further deterioration. A cycle of severe droughts 

has led to a humanitarian crisis in the Horn of Africa (which includes Somalia, Kenya, Djibouti, 

Ethiopia and Uganda). It is estimated that over 13 million people have been affected, many 

fleeing their homes and are now left with limited access to food, clean water and shelter
120

. Many 

refugees from Southern Somalia have fled to neighboring Kenya and Ethiopia, where crowded, 

unsanitary conditions together with severe malnutrition have led to a large number of deaths. 

Other countries in East Africa, including Sudan, South Sudan and parts of Uganda, are also 

affected by a food crisis. 

 

 

 

 

 

 

 

 

 

 

 

 

Areas Affected by the Horn of Africa drought, source: OCHA, 2011 
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Long-rains precipitation has declined in much of Kenya and Ethiopia in the past 30 years. These 

rainfall declines have been particularly strong in central and eastern Ethiopia and Kenya, with 

rainfall totals declining by 35ï45 percent of the 1950ï79 mean rainfall throughout much of the 

area south and east of the Ethiopian Highlands as shown in figure 1. The long rains of 2009 were 

the driest in at least 60 years throughout much of this region (Funk and Verdin, 2009)
121

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure Plots (A and C) show MarchïJune rainfall within various divisions of Ethiopia and Kenya relative to the 

1950ï79 mean. Analysis only represents areas where mean MarchïJune precipitation was greater than 100 

millimeters.  

 

This trend toward March-June dryness contrasts starkly with projections of increased rainfall in 

eastern Africa by the Intergovernmental Panel on Climate Change, or IPCC (Christiansen and 

others, 2007)122. The climate models that make projections of increased precipitation in this 

region probably do so because the model results generally forecast more óEl Ni¶o-likeô 

conditions globally in coming decades. El Niño conditions historically have been associated with 

increased rainfall in eastern Africa. The link between El Niño indices and long-rains 

precipitation, however, is weak,  (Williams, and Funk, 2010)123. According to Williams, and 

Funk, (2010) and Funk et al, (2008)124, the specific process that causes rainfall declines may be a 
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westward extension of the tropical Pacific warm pool that has occurred because of rapid 

warming in the Indian Ocean and much slower warming in the central tropical Pacific. The 

equatorial Indian Ocean has warmed approximately twice as fast as the central tropical Pacific 

since 1900, as shown in (figure ). A similar process has been implicated previously as a possible 

cause of drought in the African Sahel (Giannini and others, 2003)125. These findings are 

significant for adaptation planning for the region. Drier, rather than wetter conditions in the 

century ahead appear likely. The anthropogenic Indian Ocean warming response appears to be 

one of the most consistent (Hoerling et al. 2004126; Barnett et al. 2005127) and well understood 

(Du and Xie 2008128) responses to greenhouse gas emissions. This anthropogenic warming 

appears to have already significantly altered the earthôs largest circulation feature and impacted 

its most food insecure inhabitants. 

 

 

 

 

 

 

 

 

Figure  . (A) Slope coefficients from the regression of 5-year running mean (MarchïJune) NOAA extended sea 

surface temperatures (SSTs) against 5-year running mean MarchïJune Goddard Institute for Space Studies 

(GISS) global temperature from 1900ï2009, where mean 1951ï81 (MarchïJune) SSTs were above 24 degrees 

Celsius, for the Indian Ocean and central Pacific Ocean. (B) The same slope coefficients as in (A), but 

contrasting the (y-axis) central Pacific Ocean versus the (x-axis) Indian Ocean. Coefficients in (B) were 

calculated using observed (stars) and Intergovernmental Panel on Climate Change (IPCC) modeled (circles) 

climate datasets, source: Funk et al, (2008). 
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(A) Scatter plot of 5-year running NINO4 

temperature anomalies versus 

standardized principle component 1 

(PC1) values. Arrows indicate direction 

in time. Colors of circles represent the 

rank of 5-year running MarchïJune 

rainfall in Kenya and Ethiopia. Maps 

show a comparison of precipitation 

anomalies during. (B) old El Niño 

years (PC1 < 0, NINO4 > 0.25 

degrees Celsius) versus (C) new El 

Niño years (PC1 > 0, NINO4 > 0.25 

degrees Celsius) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (D) old La Niña years (PC1 < 0, NINO4 < ï0.25 degrees Celsius) versus (E) new La Niña years (PC1 > 

0, NINO4 < ï0.25 degrees Celsius). Each set of three maps in BïE, were calculated using three different 

precipitation datasets to demonstrate consistency among datasets. Top maps: National Center for 

Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR), Bottom-left map: 

GPCC, Bottom-right map: CHG-CLIM. 
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a. Ethiopia, 

Ethiopia is a large complex country, with complex patterns of rainfall and livelihoods 

(Livelihoods Integration Unit, 2010). In Ethiopia, higher elevations receive more rainfall than 

low arid areas and support agricultural livelihoods and higher population densities (fig. 1). 

Lowlands receive minimal rainfall, and people generally support themselves by raising livestock. 

In between, agro-pastoralists rely on a mixture of the two livelihood strategies. The population 

density of Ethiopia varies dramatically (Livelihoods Integration Unit, 2010), from more than 300 

people per square kilometer (km2) in some parts of the Southern Nations, Nationalities, and 

Peoples Region (SNNPR, see Objectives and Methods section for a map with region names), to 

less than 10 people per km2 in areas dominated by pastoral livelihoods. Most rural people live in 

the highlands and middle-highlands, which comprise only one-third of the country, and this 

population tends to be concentrated primarily in Oromia or Northern SNNPR. The seasonality of 

rainfall varies in different areas of Ethiopia. In the eastern Somali region, rains come twice a 

yearïduring the MarchïJune Belg season, and during the OctoberïDecember Deyr season. In the 

south-central part of the country, most areas receive both Belg and summer (JuneïSeptember) 

Kiremt rains. Many farmers plant slowly maturing but high yielding ólong cycleô crops that grow 

during both the Belg and Kiremt seasons.  

 

In 2011, Ethiopia, with a population of 

90.9 million (CIA, 2011)
129

 and a 

population growth rate of 3.2 percent (a 

doubling time of 22 years), faces increased 

levels of food insecurity. Pre-planned 

assistance provided by the Productive 

Safety Net Program supported some 7.4 

million people, whereas an additional 4.5 

million people required emergency 

humanitarian assistance because of 

decreased precipitation and extremely high 

food prices (FEWS NET, 2011)
130

.These 

4.5 million people tended to be located in 

the south-central, southeastern, or eastern 

part of the country. Approximately 65 

percent of these at-risk households relied 

primarily on agricultural livelihoods; the 

remainder were pastoralists or agro-

pastoralists.  
 

Spatial patterns and quantities of projected future rainfall reductions and temperature increases, 

by extending the rate of observed 1960ï2009 changes for each season, through 2010ï2039 , 

based on an assumed persistence of the observed trends. For the Belg rains, rainfall declines 

range from -150 to -50 mm across the south-central and eastern parts of the country, and will be 

                                                           
129

 CIA (Central Intelligence Agency), 2011, The World Factbook, accessed December 15, 2011, 

https://www.cia.gov/library/publications/the-world-factbook/geos/et.html. 
130 FEWS NET, 2011, Ethiopia Food Security Outlook Update, August 25, 2011, accessed December 15, 2011, at 

http://www.fews.net/docs/Publications/ Ethiopia_Dekadal_08_20_final_ext.pdf. 

 

The December 2011 food security outlook for 

JanuaryïMarch 2012 from www.fews.net. 
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associated with lower Belg harvests and poorer pastoral rangelands during the summer and early 

fall. This may be particularly disruptive for pastoralists and agro-pastoralists living in Southern 

Oromia and western Somali regions who currently (2012) rely upon meager Belg rains for their 

livelihoods. For the Kiremt rains, rainfall declines range from -150 to -50 mm across the western 

and Southern parts of Ethiopia. The combined Belg and Kiremt rainfall reductions total a loss of 

more than 150 mm of rainfall per year in the most densely populated long cycle crop growing 

area of the country. If recent warming trends continue, most of Ethiopia will experience more 

than a 1.0° Celsius (°C) increase in air temperature, with the warming tendency projected to be 

greatest in the south-central part of the country. This warming will intensify the impacts of 

droughts, and could particularly reduce the amount of productive crop land for coffee, since 

coffee plants typically prefer temperatures cooler than 22°C.,  

A decline in rainfall of approximately 0.5 standard deviation, and an increase in the frequency of 

droughts of approximately 40 percent, is sufficient to markedly increase the number of poor 

harvests that can be expected. The impacts of increasingly frequent droughts could be offset by 

improved water and agricultural management practices. Raising yields in the more agriculturally 

viable areas may be a better option than extending agriculture into ever more marginal areas; 

however, rapid population growth may make it difficult to slow the process of agricultural 

extensification into those more marginal areas, (Funk etal 2012)131.  

 

Whereas the agricultural viability of the areas highlighted above appears threatened, it is also 

important to note that large parts of the country are likely to continue receiving adequate 

amounts of rainfall. Agricultural development in the western highland areas is much less 

threatened and, with better agricultural practices and water management, could dramatically 

enhance food security at the national level. The spatial pattern of the drying and warming trends, 

however, tends to indicate disproportionate stresses on south-central Ethiopia, where trends have 

likely already been affecting yields during the Belg, Kiremt, and long cycle growing seasons. 

These increasingly frequent droughts will impact the large number of farmers and agro-

pastoralists living in this area, while also decreasing food availability on a national scale. During 

the Belg season, more frequent droughts across the southeast have impacted marginal pastoral 

and agro-pastoral areas, further eroding resilience and increasing poverty at the sub-national 

scale, after Funk, (2012) could be summarized as follows:  

- Spring and summer rains in parts of Ethiopia have declined by 15ï20 percent since the mid-

1970s.  

- Substantial warming across the entire country has exacerbated the dryness.  

- An important pattern of observed existing rainfall declines coincides with heavily populated 

areas of the Rift Valley in south-central Ethiopia, and is likely already adversely affecting 

crop yields and pasture conditions.  

- Rapid population growth and the expansion of farming and pastoralism under a drier, warmer 

climate regime could dramatically increase the number of at-risk people in Ethiopia during 

the next 20 years.  

- Many areas of Ethiopia will maintain moist climate conditions, and agricultural development 

in these areas could help offset rainfall declines and reduced production in other areas.  

                                                           
131 Funk C,  Jim Rowland, Gary Eilerts, Emebet Kebebe, Nigist Biru, Libby White and Gideon Galu  2012. A 

Climate Trend Analysis of Ethiopia USAID-funded FEWS NET, agreement with USGS. 
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In Ethiopia, Meher season crop production is 

well correlated with April-May rainfall in the 

Ethiopian ólong cycleô crop growing region, 

(figure ). This relationship is used to estimate 

2003 Meher small-holder gross production at 87 

± 10 million quintals (8.7 million MT ± 1 million 

MT) of cereals, pulses and other crops, using 

data from the Central Statistical Authority 

(CSA). Assuming recent levels of commercial 

and food aid imports, Belg production and 

population growth, this estimate will produce 

food deficits of about 23 million quintals (2.2 

million MT) for 2003-04, smaller than those 

experienced during 2002-03 (34 million Qt, or 

3.4 million MT), but similar to the deficits 

experienced in 1997-98. 

Large long-term negative trends in March-

September precipitation totals (~23 mm/year) 

may be aggravating the situation. Data show an 

increasing aridity, adding a major additional 

threat to fragile rain fed farming. Increasing 

food requirements and decreasing precipitation 

point toward chronic food shortages in the near 

future, (figure ). 

 

The implication of these rainfall and 

crop production trends is that projected 

food shortages in Ethiopia may soon 

pass beyond chronic into tragic, 

exceeding the ability of food aid to 

make up the difference. To halt and 

reverse these ominous trends, Ethiopia 

will require urgent changes in its rural 

landscape and national development ï 

security of land holdings, 

improvements in crop yields and 

production technologies, restoration of 

the environment, more efficient 

markets, protection of livelihoods and 

entitlements, and reductions in 

population growth.  

 

 

 

 

 

 
Figure   Long cycle crop growing region 

 
Figure April-September precipitation in the 

long cycle crop growing region. 

 

Figure  Shading shows the correlation between each grid 
cellôs June-September rainfall and a linear trend over the 
1961-1996 time period. Super-imposed numbers denote 
correlations with a trend calculated at quality - controlled 
stations over the same range of years. 
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A more diversified and trade-oriented economy can help reduce reliance on low-input, low-yield 

rainfed agriculture on small plots and solve the pervasive problem of rural poverty and hunger. 

 

The main highlights of Meher season crop production as mentioned by Funk et al (2003)132 , 

could be summarized as follows: 

- National Meher yield and production correlate well with April-May rainfall in the ólong 

cycleô crop growing region of Ethiopia.  

- Rainfall in April-May 2003 suggests Meher production will be about average when 

compared with the last seven years. 

-  Population growth (1.8 million per year) adds 3.3 M Qt per year to the national consumption 

requirement, nearly half of annual food aid received. 

- A coarse food balance shows that about 13 million people would meet none of their food 

needs at all in 2003-04, assuming equitable distribution. 

- The ólong cycleô crop growing region has experienced a strongly negative rainfall trend since 
1972, with adverse consequences for production. 

- Ethiopia requires rapid changes in its rural landscape and national development. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The density population map of Ethiopia 2010 (person/Km
2
),source:  SEDAC Map Client  

 

 

 

 

                                                           
132

 Funk Chris, Alemu Asfaw, Phil Steffen, Gabriel Senay, Jim Rowland and Jim Verdin 2003. Estimating Meher 

Crop Production Using Rainfall in the óLong Cycleô Region of Ethiopia, USGS.  

 

 

http://sedac.ciesin.columbia.edu/mapviewer/
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b. Kenya 

 

The analyses carried out by (Funk and others, 2005133; Verdin and others, 2005134; Brown and 

Funk, 2008135; Funk and Verdin, 2009)136, in Kenya indicates that Central Kenya is highlighted as 

an area that has already experienced, and will likely continue to experience, substantial and 

important changes in climate as a result of recent and projected trends in rainfall and 

temperature.  

Study results indicate the likelihood of strong impacts on agriculture by the observed and 

projected rainfall deficits on the semi-arid eastern and Northern flanks of the central highlands. 

These areas, around cities like Eldoret, Nakuru, Nyeri, and Meru, have traditionally been 

important crop production areas, and declining rainfall in them should have impacts on national 

crop production and food prices.  

An important question to answer is óhow muchô?. In 2008, some 26 million people lived in 

central Kenya, and this number will likely increase to 34 million by 2025. Average 2001ï2006 

yields and per capita harvested area are both low (1,100 kilogram per hectare [kg/ha], and 0.03 

hectare per person), and the annual per capita crop production also is low at 34 kg per person. By 

examining trends in area and yield, an imprecise, but potentially useful projection of the 

countryôs future food availability can be provided. The per capita harvested area trend is 

negative, as population is growing faster than cultivated land area.  

Maize yields, although quite 

low compared to what they 

might be with improved 

practices, are actually 

increasing, despite increasing 

dryness and temperatures. If 

both these trends continue 

through 2025, the analysis 

indicates that per capita 

harvested area will drop slightly 

(approximately 7 percent), but 

yields may increase by 50 

percent (to 1,850 kg/ha) in 

2025. The result indicates future 

maize production may actually 

increase by approximately 40 

percent from current levels.  

                                                           
133 Funk, C., Senay, G., Asfaw, A., Verdin, J., Rowland, J., Michaelsen, J., Korecha, D., Choularton, R., 2005, 

Recent drought tendencies in Ethiopia and equatorial-subtropical eastern Africa: U.S. Agency for International 

Development, Washington, D.C., ftp://chg.geog.ucsb.edu/pub/pubs/ FEWSNET_2005.pdf. 
134 Funk, C., and Verdin, J.P., 2009, Real-Time Decision Support Systems: The Famine Early Warning System 

Network in Gebremichael, M., Hossain, F., eds., 2010, Satellite Rainfall Applications for Surface Hydrology: 

Springer, Netherlands, p. 295ï320, ftp://chg.geog.ucsb.edu/pub/pubs/SatelliteRainfal lApplications_2010.pdf. 
135 Brown, M., and Funk, C., 2008, Food security under climate change, Science, (319): p. 580ï581, 

ftp://chg.geog.ucsb.edu/ pub/pubs/Science_2008.pdf. 
136

  

 

Figure Production And Market Flow Maps: Kenya First Season Maize 
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Kenyaôs marginal growing areas currently (2010) are, and in the future likely will be, facing less 

rainfall and more crop water loss because of greater evaporation, a focus on an intensification of 

agriculture in the higher, cooler, humid areas may be one of the underpinnings of a sustainable 

and productive agricultural strategy for Kenya. 

The analyses also Indicated cohesive patterns of 

observed climate change during the 1960ï2009 

era in rainfall (fig. 1) and temperature data (fig. 

2). Extending the observed 1960ï2009 changes 

out until 2025, we find that large parts of Kenya 

will have experienced more than a 100 

millimeter (mm) decline in long-season rainfall 

by that date. Evaluations of independent rainfall 

data sets produce similar results (Williams and 

Funk, 2010). For Kenya, the relative magnitude 

of the identified long-season rainfall declines is 

generally more than three times the associated 

standard errors (table 1, supplemental map 1).  

These decreases in rainfall were accompanied 

by significant increases in average air 

temperatures, with the MAMJ temperature 

increases generally being more than twice the 

interpolation standard errors (table 1, 

supplemental map 2). This 1° Celsius warming 

value can be compared to the typical inter-

annual standard deviation of MAMJ station 

temperatures, about 0.6° Celsius. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. A, Observed and projected change in rainfall and temperature, together with smoothed central Kenyan 

rainfall and B, a smoothed version of the Indian-Pacific-Area climate index. 

 

 

 

 

 
Figure.  Climate change in Kenya: Average location of 

the 500 millimeter rainfall isohyets for the years 1975 

(light brown), 1995 (dark brown), and 2025 (predicted, 

orange). The green polygon in the background shows 

the main crop surplus region of Kenya. 
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The U.S. Geological Survey  Fact Sheet 2010ï3074, highlighted the following: 

- Long rains in central Kenya have declined more than 100 millimeters since the mid-1970s. 

This decline is probably linked to warming in the Indian Ocean, and seems likely to continue.  

- A warming of more than 1° Celsius may exacerbate drying impacts, especially in lowland 

areas. 

- The drying trends could particularly impact densely populated areas to the east, north, and 

north-west of Nairobi.  

- Critical surplus crop growing areas in Central Kenya are threatened, and the amount of prime 

arable land could diminish substantially. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. The density population map of Ethiopia 2010 (person/Km
2
),source:  SEDAC Map Client  

 

 

 

 

 

 

 

 

 

 

 

 

http://sedac.ciesin.columbia.edu/mapviewer/
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c. Sudan and South Sudan 

 

The U.S. Geological Survey Fact Sheet 2011ï3072,   illustrated that in 2010, approximately 8 

million people faced moderate to high levels of food insecurity in Northern and Southern Sudan 

(Famine Early Warning Systems Network, 2010)137. These food insecure populations, primarily 

agro-pastoralists, tend to be located in western parts of Northern Sudan (Darfur and Kordofan) or 

in drier portions of Southern Sudan (Jonglei, East Equatoria, Warrap, and North Bahr el Ghazal).  

Between the mid-1970s and late 2000s, summer rainfall decreased by 10ï20 percent across parts 

of western and Southern Sudan, placing already food insecure populations at greater risk.  

 

Sudan receives most of its rain between June and September, and rainfall totals of more than 500 

millimeters (mm) during this season typically provide enough water for farming and livestock. 

Between 1960 and 1989, the region receiving (on average) this much rain or more was vast, over 

858,000 square kilometers (km2). Figure 1 and should be understood to lie beneath the dark 

brown and orange areas. Over the past 20 years, this region has contracted (dark brown polygon), 

exposing populations in Darfur, Kordofan, Upper Nile, Jonglei, and East Equatoria to increased 

rainfall deficits. In the west, this contour shifted from approximately 11 degrees north to 10 

degrees north. In the Upper Nile, the shift was even more drastic from approximately 11 degrees 

north to 9 degrees north. A third westward retraction is occurring in Jonglei and East Equatoria, 

with the 500 mm contour shifting from approximately 33 degrees east to 32 degrees east.  

 

If present rainfall trends continue, by 2025 the drying impacts likely will reach into West and 

North Bahr Al Ghazal, Warrap, Unity, Central Equatoria, and Al Buhairat (fig. 1, orange 

polygon); an area with a total population of 4.1 million. The area receiving more than 500 mm of 

rainfall could shrink by 249,000 km2 (30 percent of the 1960ï89 area), leaving a large number of 

people exposed to increased food insecurity and impacting crop production in the southeastern 

part of the country. Rainfall reductions can be visualized by combining the observed 1960ï2009 

changes with predicted 2010ï39 changes, based on persistence of the observed trends (fig. 2, top 

panels). Rainfall declines range from -150 to -50 mm across the western and Southern portions 

of the country, large numbers for a drought-prone country. Observed changes alone account for 

63 percent of the change magnitudes. South Darfur exhibits the largest declines, followed by 

Blue Nile and West Equatoria. These reductions in rainfall appear most likely to affect the 

insecure areas around the cities of Al FǕshir, Nyala, and WǕu.  

 

Smoothed time series (fig. 2, middle and lower panels, 5-year running means) of 1900ï2009 

rainfall, extracted for the extended Darfur region (10 to 16 degrees north, 22 to 29 degrees east) 

and Southern Sudan (3 to 7 degrees north, 27 to 35 degrees east), show that 1990ï2009 rainfall 

has been, on average, about 20 percent lower (-1 standard deviation) than rainfall between 1900 

and 1989. 

 
 

 

 

                                                           
137 Famine Early Warning Systems Network, 2010, Food security framework, available at 

http://www.fews.net/ml/en/info/ Pages/fmwkfactors.aspx?gb=sd&l=en&loc=2. 
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Figure 1. Climate change in 

Sudan. A, Average location of 

the 500-millimeter rainfall 

isohyets for the years 1960ï1989 

(light brown), 1990ï 2009 (dark 

brown), and 2010ï2039 

(predicted, orange). The green 

polygons in the foreground show 

the main crop surplus region (the 

Green Belt livelihood zone) and 

the agro-pastoral Ironstone 

Plateau and Hills and Mountains 

livelihood zones. B, Similar 

changes for the 30 degrees 

Celsius isotherm. Areas north of 

this line are very hot; this intense 

heat makes plant growth and 

pastoral livelihoods difficult. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Observed and projected change in rainfall and temperature. A, Together with smoothed rainfall and air 

temperature time series, B, for the extended Darfur region (10ï16 degrees north, 22ï29 degrees east), and C, for 

Southern Sudan (3ï7 degrees north, 27ï35 degrees east). 

 

Summer rains in western and Southern Sudan have declined by 10ï20 percent since the mid- 

1970s.  Observed warming of more than 1 degree Celsius is equivalent to another 10ï20 percent 

reduction in rainfall for crops. The warming and drying have impacted Southern Darfur and 

areas around Juba.  Rainfall declines west of Juba threaten Southern Sudanôs future food 

production prospects.  
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Rapid population growth and the expansion of farming and pastoralism under a more variable 

climate regime could dramatically increase the number of at-risk people in Sudan over the next 

20 years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  

Left: 2008 census data for Southern Sudan and Landscan 2007 population for 

Northern Sudanese states (http://www.populationexplorer.com). 

Right: Figure. The density population map of Ethiopia 2010 (person/Km
2
),source:  

SEDAC Map Client  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

http://www.populationexplorer.com/
http://sedac.ciesin.columbia.edu/mapviewer/
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d. Uganda 
 

Although the general level of food insecurity in Uganda is relatively low compared to its 

neighbors in the region, internally Displaced Persons (IDPs), and pastoralists and agro-

pastoralists, in the Northern and northeastern parts of the country face chronic and intermittently 

higher levels of food stress (FEWS NET, 2010)138.  Smoothed time series of 1900ï2009 rainfall, 

extracted for crop growing regions in Uganda, indicate that 2000ï2009 rainfall has been, on 

average, about 8% lower (-0.65 standard deviation) than rainfall between 1920 and 1969. 

Although the JuneïSeptember rainfall appears to have been declining for a longer period, the 

MarchïJune decline has only occurred recently. These declines have been visualized in figure 1 

as a contraction of the regions receiving adequate rainfall for viable agricultural livelihoods.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Climate change in Uganda: The left map shows the average location of the MarchïJune 500 

mm rainfall isohyets for 1960ï1989 (light brown), 1990ï2009 (dark brown), and 2010ï2039 (predicted, 

orange). The green polygons in the foreground show the main maize surplus regions; these areas produce 

most of Ugandaôs maize. The blue polygon in the upper-right shows the Karamoja region.The right map 

shows analogous changes for the JuneïSeptember 500 mm rainfall isohyets. 

 

Uganda receives most of its rain between March and June, and rainfall totals of more than 500 

millimeters (mm) during this season typically provide enough water for crops and livestock. 

Between 1960 and 1989, the region receiving this much rain (on average) during MarchïJune is 

shown in light brown in the left panel of figure 1 and should be understood to lie beneath the 

dark brown and orange areas. During the past 25 years, this region has contracted (dark brown 

polygon), exposing populations in the central and western parts of the country to increased 

rainfall deficits. Cropping areas northeast of Fort Portal, south of Gulu, and northwest of Bombo 

                                                           
138 FEWS NET, 2010, Food Security Framework: Accessed December 15, 2011, available at 

http://www.fews.net/ml/en/info/Pages/fmwkfactors.aspx?gb=ug&l=en&fmwk=factor. 
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no longer receive, on average, the bountiful rains that were the norm between 1960 and 1989. If 

present rainfall trends continue, by 2025 the drying impacts will likely lead to a further 

contraction (orange polygon).  A similar set of polygons is also shown for the JuneïSeptember 

season (right panel). Uni-modal rainfall areas across the north of the country are likely to be 

affected by earlier cessation of summer rains.  

 

Observed rainfall reductions of the 

1960ï2009 period are projected to 

the 2010ï2039 period, assuming a 

persistence of the observed trends 

(figure. 2). The projected rainfall 

declines range from -150 to -50 mm 

across the Northern part of the 

country, and appear likely to impact 

the already chronically insecure IDPs 

and the inhabitants of Kamajora.  

 

 

Actual and projected (extending recent 

patterns forward) changes are mapped across 

the country in, (figure 3). This transition to 

an even warmer climate is likely to amplify 

the impact of decreasing rainfall and periodic 

droughts, and will likely reduce crop harvests 

and pasture availability.  

 

Uganda is becoming drier and hotter, during 

the MarchïJune and JuneïSeptember rainy 

seasons. Such warming in regions with high 

average air temperatures can amplify the 

impact of water shortages on agriculture. 

Warming temperatures may adversely affect 

coffee production, which is an important cash 

commodity in Uganda. Temperature 

sensitivities vary by coffee varieties, but most 

coffee plants fare poorly in areas with 

average air temperatures greater than 24°C. 

During MarchïJune and JuneïSeptember, 

these areas have been expanding (figure. 4), 

and this expansion of warm areas will likely 

continue during the next century as the earth 

continues to warm. 

 

 

 

Agricultural Growth 

 

Figure 3. Observed (1960ï2009) and projected 
(2010ï2039) changes in MarchïJune and Juneï
September rainfall and temperature. 

 

Figure 2. Smoothed 1900ï2009 MarchïJune and JuneïSeptember 

rainfall and air temperature time series for crop-growing regions. 
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Figure 4. Warm regions expand in Uganda: The left map shows the average location of the MarchïJune 

24 degrees Celsius (°C) isotherms for 1960ï1989 (light brown), 1990ï2009 (dark brown), and 2010ï

2039 (predicted, orange). The green polygons in the foreground show the main maize surplus regions. 

The blue polygon in the upper-right shows the Karamoja region. The right map shows analogous 

changes for the JuneïSeptember 24°C isotherms. 

 

The U.S. Geological Survey  Fact Sheet 2012ï3062, highlighted the following: 

- Both spring and summer rains have decreased in Uganda during the past 25 years. 

- The magnitude of observed warming, especially since the early 1980s, is large and 

unprecedented within the past 110 years, representing a large (2+ standard deviations) 

change from the climatic norm. 

- Cropping regions in the west and northwest appear most affected by the observed changes in 

climate. 

- Rainfall declines in the west and northwest threaten Ugandaôs future food production 
prospects. 

- Warming temperatures may be adversely affecting coffee production. 

- Rapid population growth and the expansion of farming and pastoralism under a drier and 

warmer climate regime could dramatically increase the number of at risk people in Uganda 

during the next 20 years. 

- In many cases, areas with changing climate are coincident with zones of substantial conflict, 

indicating some degree of association; however, the contribution of climate change to these 

conflicts is not currently understood. 

 

In 2011, Ugandaôs population was 30.6 million, with a rapid population growth rate of 3.6 

percent (CIA, 2011)139, That means doubling population every 20 years. Because Uganda is a 

                                                           
139 CIA, 2011, The World Factbook: Accessed December 15th 2011,available at 

https://www.cia.gov/library/publications/the-worldfactbook/geos/ug.html. 

 

https://www.cia.gov/library/publications/the-worldfactbook/geos/ug.html
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landlocked country that depends on agricultural, agro-pastoral, and pastoral livelihoods, this 

population expansion will place increasing stress on limited natural resources. Crop statistics 

from the FAO indicate that per capita cereal production in Uganda is low (150 kilograms per 

person per year). While yields have been improving, the amount of farmland per person has been 

declining twice as fast. If these trends persist, then per capita cereal production could decline by 

35 percent by 2025. This level of food production could leave hundreds of thousands more 

Ugandans exposed to hunger and under nourishment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.  

Left: Landscan 2008 population for Uganda (http://www.populationexplorer.com). 

Right: Figure. The density population map of Uganda 2010 (person/Km
2
),source:  SEDAC Map Client 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

http://www.populationexplorer.com/
http://sedac.ciesin.columbia.edu/mapviewer/
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e.  Mozambique 
 

Climate change may be affecting Mozambiqueôs 

primary food crop in potentially significant way, The 

changes in air temperature in Mozambique between 

1979 and 2008, and its relation on the duration of 

specific maize plant growth phases to differing 

temperatures. Mozambique-specific planting dates 

were estimated, (Harrison and others,2011)140. In 

most locations, as shown in figure (1), the dominant 

changes in temperature patterns related to maize 

plant growth phases were temperature increases 

during the early part of the growing season, from 

planting until flowering. If identified warming 

patterns continue, Mozambique maize production 

could be threatened by the stress of hotter early 

season temperatures and by faster maturation. The 

central region appears most at risk. This changes in 

climate in Mozambique that are probable to occur, 

and likely to continue, at least for the near future, 

and may have significant effects on food production 

if adaptation does not occur.  
 
The U.S. Geological Survey  Fact Sheet 2011ï3110, highlighted the following: 

30 years of substantial warming have increased temperatures during the primary growing season 

in central Mozambique by ~1.5 degrees Celsius, The warming is affecting the maize cropôs 

phenology by causing an onset of flowering 4 days earlier and a 5 to 7 percent decline in total 

time to plant maturation. Warmer temperatures earlier in the season threaten maize yields by 

exposing the plant at sensitive crop phases to increased heat and drought, and shortening the 

cropôs growth cycle, thus reducing the size of the plant and the weight of its grains. Continued 

warming could increase the risk of these hazards and affect crop production, regardless of any 

changes in rainfall.  

 
 

 

 

 

 

 

 

 

 

 

                                                           
140 Harrison, L., Michaelsen, J., Funk, C., and Husak, G., 2011, Effects of temperature changes on maize production 

in Mozambique: Climate Research, v. 46, p. 211ï222. http://www.int-res.com/abstracts/cr/v46/ n3/. 

 

Figure 1. Magnitude of significant (p < 0.05) 

changes in growing season mean minimum and 

maximum temperature (1979ï80 to 2008ï09). 

(Harrison and others, 2011). 
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f. Niger 
Niger is a landlocked country (area: 1,267,000 square kilometers) with a population estimated at 

16.5 million people; it has an annual growth rate of 3.6 percent and a total fertility rate of 7.6 

births per woman, the highest fertility rate in the world (CIA, 2011)141.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rainfall in Niger declined rapidly between 1950 and the mid-1980s and partially recovered 

during the 1990s and 2000s. Between 2000 and 2009, the average rainfall in Nigerôs crop 

growing districts was about 8 percent lower than the 1920ï69 mean. Niger receives most of its 

rain between June and September, and rainfall totals of more than 500 millimeters (mm) during 

this season typically provide enough water for crops and livestock. Between 1960 and 1989, the 

region receiving (on average) this much rain during JuneïSeptember is shown in light brown in 

the left panel of figure (1) and should be understood to lie above the dark brown and orange 

areas. During the past 20 years, this region has expanded (dark brown polygon), increasing the 

regions of viable agriculture in Dosso, Maradi, and Zinder. Cropping areas near 13°N have seen 

a northward extension of the 500 mm contour. 
 

 Figure 1. Climate change in 

Niger: The left map shows the 

average location of the Juneï

September 500 millimeter 

rainfall isohyets for 1960ï89 

(light brown), 1990ï2009 (dark 

brown), and 2010ï39 

(predicted, orange). The green 

polygons in the foreground 

show the main crop production 

districts. The right map shows 

analogous changes for the 

JuneïSeptember, 30 degrees 

Celsius air temperature 

isotherms. 

                                                           
141 CIA (Central Intelligence Agency), 2011, The World Factbook: https://www.cia.gov/library/ publications/the-

world-factbook/geos/ng.html. 

 

Figure. Left: Landscan 2008 population for Niger , Right : The density population 

map of Niger 2010 (person/Km
2
), source:  SEDAC Map Client 

  

http://sedac.ciesin.columbia.edu/mapviewer/


91 
 

Rainfall and temperature increases as 

could be seen in the observed trends (fig. 

2, top panels). Rainfall increases range 

from 0 to 50 mm across most of the 

country. Observed changes (between 

1960 and 2009) account for 63 percent 

of the change magnitudes.  
A smoothed time series (fig. 2, lower 

panel, 10-year running means) of rainfall 

from 1900ï2009, extracted for crop 

growing regions in Niger, indicates that 

2000ï2009 rainfall has been, on average, 

about 8 percent lower (-0.6 standard 

deviations) than the rainfall between 

1920 and 1969. For eastern and western 

Niger, rainfall has steadily recovered 

since the mid-1970s but remains 

moderately (less than 0.5 standard 

deviations) below its long-term mean. 

These time series were based on crop 

growing regions in western Niger 

(Tahoua, Tillaberi, and Dosso regions) 

and eastern Niger (Diffa, Zinder, and 

Maradi regions),(Funk et al 2012)142. 

 
Figure 2. Observed and projected change in JuneïSeptember rainfall 

and temperature for 1960ï2039 (top), together with smoothed 

rainfall and air temperature time series for JuneïSeptember for 

eastern and western Niger. Mean rainfall and temperature are based 

on the 1920ï69 time period. 

 

Only a small fraction (3.3%t) of the country receives more than 500 mm of precipitation, and 

although recent increases in rainfall have seen this area expand by 25 percent, Nigerôs expanding 

food needs may soon outstrip its agricultural expansion.  

In recent years (2005ï2009), per capita cereal production has been reasonably high for Sahelian 

countries (270 kilograms per person per year; FAO, 2011), but crop statistics from the FAO 

indicate that a massive expansion of cultivated area brought about this level of cereal production. 

Between the 1980s and 1990s, the amount of farmland expanded faster (+51 percent) than the 

population (+37 percent), resulting in a net increase in per capita cereal production. Between the 

1990s and 2000s, however, the amount of farmland increased by 20 percent, whereas the 

population increased by 42 percent, resulting in a net decrease in food availability. By 2025, if 

Nigerôs rapid expansion of farmland slows while its yield growth remains stagnant, Nigerôs 

projected population of 26 million people could face substantial food availability shortfalls. 

                                                           
142 Funk C., Jim Rowland  Alkhalil Adoum, Gary Eilerts, and Libby White 2012.  A Climate Trend Analysis of 

Niger,USGS  Fact Sheet 2012ï3080 
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g. Burkina Faso 

Burkina Faso is a landlocked country (area: 274,200 square kilometers) with a population 

estimated at 16.8 million people; it has an annual growth rate of 3.1 percent (CIA, 2011). At this 

rate the population will double every 23 years. The agriculture sector engages more than 80 % of 

the active population. Like other Sahelian countries, Burkina Fasoôs agriculture is mainly 

rainfed, making it highly dependent upon rainfall amounts and distribution. In good seasons, the 

countryôs coarse grain production covers domestic consumption needs, and cereal imports are 

limited to rice and wheat. The Northern part of the country, namely the regions of Nord, Centre-

Nord, and Sahel is characterized by a shorter growing season, higher rainfall variability, and less 

diversified agriculture. This area, therefore, is the most vulnerable to food insecurity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rainfall in Burkina Faso declined rapidly between 1950 and the mid-1980s, and recovered in the 

1990s. Between 2000 and 2009, however, the recovery stalled, and the 2000ï2009 average 

remained about 15 percent lower than the 1920ï69 mean average. Burkina Faso receives most of 

its rain between June and September, and rainfall totals of more than 500 millimeters during this 

season typically provide enough water for crops and livestock. Between 1960 and 1989, the 

region receiving (on average) this much rain during JuneïSeptember is shown in light brown in 

the left panel of figure (1) and should be understood to lie beneath the dark brown and orange 

areas. During the past 20 years, this region has remained fairly constant. 

 

A smoothed time series (figure 2, lower panel, 10-year running means) of rainfall from 1900ï

2009, extracted for crop growing regions in Burkina Faso, indicate that 2000ï09 rainfall has 

been, on average, about 15 percent lower than rainfall between 1920 and 1969. Rainfall 

recovered since the mid- 1980s, but the increase has leveled off during the past decade, and 

2000ï2009 rainfall remains substantially below its 1920ï69 mean. These time series were based 

on crop growing regions in western Burkina Faso (Nord, Boucle Du Mouhoun, Centre- Ouest, 

Haut-Bassins, and Sud-Ouest regions) and eastern Burkina Faso (Centre-Nord, Est, Plateau 

Central, Centre, Centre-Est, and Centre-Sud regions). 
 

 

Figure. Left: Landscan 2008 population for Burkina Faso , Right : The density 

population map of Niger 2010 (person/Km
2
), source:  SEDAC Map Client 

 
 

http://sedac.ciesin.columbia.edu/mapviewer/
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 Figure 1. Climate change in Burkina Faso: The left map shows the average location of the Juneï

September 500 millimeter rainfall isohyets for 1960-89 (light brown), 1990ï2009 (dark brown), and 

2010ï39 (predicted, orange). The green polygons in the foreground show the main crop production 

regions for millet and maize. The right map shows analogous changes for the June- September 30 degrees 

Celsius air temperature isotherms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 2. Observed and projected change in Juneï
September rainfall and temperature (top), together with 
smoothed rainfall and air temperature time series for 
east and west Burkina Faso. Mean rainfall and 
temperature are based on the 1920ï69 time period. 
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Analysis of crop statistics, FAO ( 2011)143, shows that increases in crop yields have kept pace 

with population growth. Between the 1960s and 2000s, Burkina Fasoôs crop yields doubled an 

increase unmatched in any other Sahelian country. Over the same period, the amount of farmland 

per person declined by 36 percent; however, the overall trajectory appears favorable, and 2025 

projections based on these trends suggest that Burkina Faso will continue to produce about the 

same amount of cereal crops per person (236 kilograms per person per year). 
 
In conclusion  

- Summer rains have remained steady over the past 20 years, but remain 15 percent below the 

1920ï69 average.  

- Temperatures have increased by 0.6° Celsius since 1975, amplifying the effect of droughts.  

- The amount of farmland per person is low, and declining.  

- Burkina Faso has offset rapid population growth with improved yields.  

- Continued yield growth would maintain current levels of per capita food production.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
143 FAO (Food and Agriculture Organization of the United Nations), 2011, FAOSTAT: Accessed 

December 15, 2011, at faostat.fao.org. 
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2.4.5. Southern Africa  

 

Since 1980, the number of undernourished people in eastern and Southern Africa has more than 

doubled. Rural development stalled and rural poverty expanded during the 1990s. Population 

growth remains very high, and declining per-capita agricultural capacity retards progress. main 

growing-season rainfall receipts have diminished by 15% in food-insecure countries clustered 

along the western rim of the Indian Ocean. Occurring during the main growing seasons in poor 

countries dependent on rain-fed agriculture, these declines are societally dangerous.  

 

in eastern and Southern Africa, the combination of declining per-capita agricultural capacity144 

(7) and increasing aridity is exacerbating vulnerability (8)145 and rural poverty (9)146. Declining 

investments in rural development, rapidly increasing rural populations, the depletion of soil 

nutrients through erosion, and the cultivation of most cultivatable areas limit agricultural 

productivity growth (10)147, at the meantime population growth remains high (2.3% per year). In 

eastern and Southern Africa (Fig. 1, 2 and 3)., population growth has exceeded increases in 

agricultural infrastructure and cultivated area. Second, there has been a tendency for main 

growing-season rainfall to decline. Empirical 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  Rainfall, population, cropped area, seed use, and fertilizer use for eastern and Southern 

Africa. Rainfall is expressed as a percentage of the 1951ï1980 average. The other variables are 

expressed as percentages of 1979ï1981 averages. Global radiative forcing is shown with a 

stippled line on an inverted axis. 
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 WorldBank (2008) World Development Report 2008: Agriculture for Development (International 
Bank for Reconstruction and Development/World Bank, Washington, DC). 
145

 Turner BL, II, et al. (2003) A framework for vulnerability analysis in sustainability 
science. Proc Natl Acad Sci USA 100:8074ς8079. 
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 Oxfam (2006) Causing hunger. Oxfam Briefing Paper (OXFAM, Washington, DC). 
147

 Kates RW, Parris TM (2003) Long-term trends and a sustainability transition. Proc Natl Acad Sci USA 100:8062ς
8067. 
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Figure The black vectors denote recent observed rainfall and agricultural capacity tendencies. 

Agricultural data were obtained from the Food and Agriculture Organization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Empirical food-balance model results expressed as percentages of the millions 

undernourished in 2000. 

 

Several studies have investigated the likely changes in mean and extreme precipitation in many 

parts of the globe, including Africa (Kharin and Zwiers 2000148; Groisman et al. 2005149; Meehl 

et al. 2005150; Kharin et al. 2007151). Most of these studies have focused on likely patterns of 
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 Kharin, V. V., and F. W. Zwiers, 2000: Changes in the extremes in an ensemble of transient climate simulations 

with a coupled atmosphereïocean GCM. J. Climate, 13, 3760ï3788. 
149

 Groisman, P. Ya., R. W. Knight, D. R. Easterling, T. R. Karl, G. C. Hegerl, and V. N. Razuvaev, 2005: Trends 

in intense precipitation in the climate record. J. Climate, 18, 1326ï1350. 
150

 Meehl, G. A., J. M. Arblaster, and C. Tebaldi, 2005: Understanding future patterns of increased precipitation 

intensity in climate model simulations. Geophys. Res. Lett., 32, L18719, doi:10.1029/2005GL023680. 
151

 Kharin, V. V., X. Zhang, and C. Hegerl, 2007: Changes in temperature and precipitation extremes in the IPCC 

ensemble of global coupled model simulations. J. Climate, 20, 1419ï1444. 
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change over large regions of Africa despite the high degree of spatial variability exhibited by 

precipitation. Regionally specific studies have been carried out in other parts of the globe (e.g., 

van Ulden and van Oldenborgh 2006152 van den Hurk et al. 2006153;), but few for  Africa and 

even fewer for Southern Africa, (Shongwe et al  2009)154. 

 

Using seven global climate models (GCMs), Hulme et al. (2001)155 reported  significant 

decreases in mean DecemberïFebruary (DJF) precipitation were found in the interior Southern 

Africa south of about 10
o
S (most of South Africa, Botswana, and Namibia). These projected 

decreases are substantial after 2050. , (Shongwe et al  2009) have pointed out from their study a 

possible contraction in the rainfall season in locations south of about 158S, also mentioned that 

to the north, the rainy season is projected to shift to later months. Mean summer precipitation 

rates are projected to decrease near the hype-rarid and semiarid areas of Southern Africa. Over 

these areas, the severity of future droughts is projected to increase. North of about 158S, mean 

summer precipitation is projected to increase and more severe droughts are expected to the 

southwest. Wet events are projected to become more intense to the north and southeast. To the 

north, this is consistent with more prolonged wet spells from persistent convective activity 

related to the tropicalïtemperate trough TTT. The increase in the intensity of wettest events to 

the southeast is in qualitative agreement with (Hewitson and Crane 2006156).  These increases in 

wet extremes may exacerbate the rise in reported flood disasters in the region. Future projections 

of wettest events are less trustworthy owing to the inability to accurately simulate small-scale 

disturbances such as west Indian Ocean tropical cyclone activity in most models. In general, the 

pattern of summer precipitation change, in particular coupled with increasing temperatures, may 

result in an eastward extension of desert areas in Southern Africa, water scarcity, reduced 

agricultural productivity, and increased risks of food insecurity and famine. Not only is 

desertification a potential impact of global warming in Southern Africa, but shorter growing 

seasons are possible consequences in a large area. 
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 van Ulden, A. P., and G. J. van Oldenborgh, 2006: Large-scale atmospheric circulation biases and changes in 
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3. BUILDING BLOCKS OF DROUGHT RISK ANALYSIS - METHODOLOGY. :  

 

The basics of building blocks in drought risk analysis is shown in figure (3.1), after IPCC (2012) 

and could be described describes as follows 

 

 

 

 

 

 

 

 

 

The overall implemented methodology for ACSAD is shown in figure (3.2), based on the 

framework described above, our notes from the conference call last week and the data 

availability/gaps described during the call, we propose the following approach: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. ACSAD Methodology For Studying ADH , Exposure and Vulnerability  
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Figure 3.1. Exposure and 

vulnerability to weather and 

climate events (drought in 

our study) determine 

impacts and the likelihood of 

disasters (disaster risk).  
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A. Hazard analysis:  

Traditional methods of drought hazard assessment and monitoring rely on rainfall data and also 

on Evapo-transpiration, which are limited, often inaccurate and, most importantly, difficult to 

obtain in near-real time. In contrast, the satellite-sensor data are consistently available and can 

be used to detect the onset of drought, its duration and magnitude (Thiruvengadachari and 

Gopalkrishna 1993157). Even crop yields can be predicted 5 to 13 weeks prior to harvests using 

remote-sensing techniques (Ungani and Kogan 1998158).  

Vegetative conditions over the world are reported occasionally by NOAA National 

Environmental Satellite Data and Information System NESDIS data (Kogan 2000159). Drought 

indicators can be derived for any world region using these data, but the characteristic spatial 

resolution of 1km, 500m or 250m (at which well-calibrated long-term historical data are freely 

available), is likely to be moderate for effective drought monitoring at small scales. The 

Moderate-Resolution Imaging Spectrometer (MODIS), an advanced narrowband-width sensor, 

from which composited reflectance data are made available at no cost every 8 days by NASA 

and USGS, through the Earth Resources Observation Systems (EROS) data center (Justice and 

Townshend 2002160). Raw images are available on a daily basis, but their use involves 

considerable extra processing. Time series of MODIS imagery provide near real-time, 

continuous and relatively high-resolution data, on which the assessment of drought development 

and severity in a country or a region with scarce and inaccurate on-the-ground meteorological 

observations (like most Arab countries) could be based.  

 

For selecting the Drought index (s) in this study it was understood that although the role of 

deficits in precipitation is generally considered more prominently in the literature, several 

drought indicators also explicitly or indirectly consider effects of evapo-transpiration. In the 

context of climate projections, analyses suggest that It should nonetheless be noted that under 

strong drought conditions, soil moisture becomes limiting for evapo-transpiration, thus limits 

further soil moisture depletion. Other important aspects for soil moisture and hydrological 

droughts are persistence and pre-conditioning. Because soil moisture, groundwater, and surface 

waters are associated with water storage, they have a characteristic memory (e.g., Vinnikov et 

al., 1996161; Eltahir and Yeh, 1999162; Koster and Suarez, 2001163; Seneviratne et al., 2006164) 
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and thus specific response times to drought forcing (e.g., Begueria et al., 2010165; Fleig et al., 

2011166). The memory is also a function of the atmospheric forcing and systemôs feedbacks 

(Koster and Suarez, 2001167; Wang et al., 2009168), and the relevant storage is dependent on soil 

characteristics and rooting depth of the considered ecosystems. This means that drought has a 

different persistence depending on the affected system, and that it is also sensitive to pre-

conditioning. Effects of pre-conditioning also explain the possible occurrence of multi-year 

droughts, whereby soil moisture anomalies can be carried over from one year to the next (e.g., 

Wang, 2005169). However, other features can induce drought persistence, such as persistent 

circulation anomalies, possibly strengthened by land-atmosphere feedbacks (Schubert et al., 

2004170; Rowell and Jones, 2006171). The choice of variable (e.g., precipitation, soil moisture, or 

stream flow) and time scale can strongly affect the ranking of drought events (Vidal et al., 

2010172). 

In this study and due to the relatively limited available time coverage of MODIS (available only 

from 1999), The Vegetation Healthy Index (VHI) has been calculated and agriculture drought 

intensity, frequency and consecutive were extracted from it, while agriculture drought 

variability were extracted from the Phase of the time series analysis using Timestat Software 

produced by Trier University /ACSAD and GIZ.  Agriculture Drought Hazard (ADH), were 

produced from combining agriculture drought intensity, Variability, frequency and consecutive , 

SPEI were calculated for few points for calibrating the obtained ADH map.    

Hazard analysis consists of using a hydro-meteorological index to describe the intensity, spatial 

and temporal characteristics of drought. The hydro-meteorological proxy index can be rainfall 

and Evapo-transpiration-deviation from normal (percentile, tercile), standardized precipitation 

Evapo-transpiration index (SPEI), palmer drought severity index (PDSI), water requirement 

satisfaction index (WRSI), moisture availability index (MAI), and such. In this study SPEI was 

selected and calculated for long term 1901 ï 2006 and 2000 ï 2011.and with satellite images 

(MODIS (1 km*1km) and MODIS (250m*250m) for Arab Mashriq, The following induces 

were calculated:  

- Calculate monthly, and seasonally Vegetation Condition Index VCI, Temperature 

Condition Index TCI and   Vegetation healthy Index VHI, for (12 month), from covering 
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all Arab region and countries sharing main trans-boundary river basins, figure (33) , for 

the period 2000 ï 2010. 

- Calculate Agriculture Drought  (AD), Intensity ADI, Variability ADV, Frequency ADF 

and Consecutive ADC. 

-  Calculate Agriculture Drought Hazard (ADH) from ADI, ADV, ADF and ADC 

 

 

 

 

 

 

 

 

 

 

Figure 3.3. Main analysis for Producing ADH map  

The need for proper quantification of drought impacts and monitoring and reporting of drought 

development is of critical importance. But the major constrain that reduce the ability of many 

countries to deal with droughts is the absence of reliable data, weak information networks as well 

as the lack of technical and institutional capacities. In countries they are either just beginning to 

establish relevant drought monitoring and management procedures and institutions or didnôt start 

yet. But in general and in most countries existing drought monitoring and declaration procedures 

lag behind the development of drought events. 

 

1.1. Steps Toward Monitoring Agriculture Drought Hazard.  

For better understanding the drought, its severity, distribution and impacts, the Arab Center for 

the Studies of Arid Zones and Dry Lands (ACSAD) took the initiatives in cooperation with GIZ 

and the National Center of Remote Sensing in Lebanon (NCRS) for establishing their 

Regional/National drought monitoring system based on the most recent applications of remote 

sensing. The images source from MODIS NDVI 1 km , 250m; and MODIS LST (8 days).  

 

1.1.1. Step 1: Computing Vegetation Healthy Index 

In areas with limited in situ data, NDVI and satellite rainfall estimates are routinely used to 

identify areas prone to drought related crop failure and poor pasture conditions (FEWS, 2000173; 
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Field, 1991174; Hutchinson, 1998175 ). MODIS - NDVI and MODIS - LST, images were down 

loaded from NASA site, https://wist.echo.nasa.gov/wist-bin/api , (figure 3.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4. NASA Site for down loading MODIS.  

Several drought indicators have been used, after, Thenkabail et al (2004) and European 

Commission (2006), for calculating the following monthly indices for all agriculture seasonôs 

months during the years from 2000 till 2011:  

- The Normalized Difference Vegetation Index NDVI = (ɚNIR ï ɚred) / (ɚNIR + ɚred) 

- Vegetation Condition Index VCI = (NDVI ï NDVI min)/(NDVI max- NDVI min)*100  

- Temperature Condition Index TCI= (BT max ï BT min)/(BT max- BT min)*100  

      Where, BT is the brightness temperature (MODIS LST)  

- Vegetation Healthy Index VHI= VCI * 0.5 + TCI * 0.5  

 

a. The Normalized Difference Vegetation Index 

NDVI were also used for identifying the main agriculture seasons in the region and for 

calculating VCI. Number of months with value for NDVI were calculated and the seasons 

were then prepared, the crop calendar for the different studied countries is also presented in 

table (3.1), after (WFP 2011)176. 
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Table 3.1. examples of Crop Calendar For The Studied Countries, after WFP 2011 
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Table 3.1.  Contôd 
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Table 3.1. Contôd 
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Table 3.1. Contôd 
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Table 3.1. Contôd 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



108 
 

b. Vegetation Condition Index 

 A GIS model were created for studying VCI as shown in figure (3.7), its main steps 

includes: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7.  GIS model for Studying VCI. 

 

¶ Preparation of monthly mosaic 

¶ Preparation for monthly minimum NDVI and monthly maximum NDVI stocks. The NDVI 

Stack layer were prepared for each month covering the period from 2000 ï 2011, as 

shown in (figure 3.8 a and b). 

¶ Storing results in memory 

¶ Calculating monthly Vegetation Condition Index using the following equation Monthly 

VCI = (NDVI ï NDVI min)/(NDVI max- NDVI min)*100, 

¶ The VCI values were classified to the following classes: 

Class Description % 

Extremely Sever Drought Less than 10 

Severe Drought 10 ï 20 

Moderate Drought 20 ï 30 

Slight Drought 30 ï 40 

No Drought More than 40 

¶ Finally, a VCI classified map for each month has been produced. 
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Figure 3.8. Preparing Monthly NDVI Stack Layer 
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c. Temperature Condition Index 

A GIS model were created for studying TCI as shown in figure (3.9), its main steps includes: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9. GIS model for studying TCI. 

 

¶ Preparation of monthly mosaic 

¶ Preparation for monthly minimum and monthly maximum brightness temperature BT 

(MODIS LST) stocks. The NDVI Stack layer were prepared for each month covering the 

period from 2000 ï 2011, as shown in (figure 3.10 a, b and c). 

¶ Storing results in memory 

¶ Calculating monthly Tempreature Condition Index using the following equation Monthly 

TCI= (BT max ï BT min)/(BT max- BT min)*100 

¶ The TCI values were classified to the following classes: 

Class Description % 

Extremely Sever Drought Less than 10 

Severe Drought 10 ï 20 

Moderate Drought 20 ï 30 

Slight Drought 30 ï 40 

No Drought More than 40 

¶ Finally, a TCI classified map for each month has been produced. 
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Figure 3.10 Preparing Monthly NDVI Stack Layer 
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d. Vegetation Healthy Index 

A GIS model were created for studying VHI as shown in figure (3.11), its main steps 

includes: 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11. GIS model for studying VHI 

 

¶ Calculating monthly Vegetation Healthy Index using the following equation Monthly 

VHI= (TCI *0.5)+(VCI*0.5) 

¶ The VHI values were classified to the following classes: 

Class Description % 

Extremely Sever Drought Less than 10 

Severe Drought 10 ï 20 

Moderate Drought 20 ï 30 

Slight Drought 30 ï 40 

No Drought More than 40  

¶ Finally, a VCI classified map for each month has been produced. 
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1.1.2. Step 2: Developing Agriculture Drought Hazard  Map 

a. The monthly obtained VHI were classified to 2 classes, the first class correspond to areas 

with no drought (class 1 was given a value 1) and the second class correspond to areas with 

any level of drought (class 2 was given value 0), as shown in (figure 3.12). 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

Figure 3.12. monthly VHI presented in 2 classes (1,0) for the agriculture season 2007/2008), 
           Area shown in the map is east Mediterranean Sea and Syrian boundary is shown in black.   
 

b. The monthly VHI for each agriculture season were then but horizontally in order starting 

from the month in the beginning of the season till the end of the season, (figure 3.13).    

 

 

 

 

 

 

 

 

 

 

 

Figure 3.13. VHI classification map for the agriculture season 2007/2008), Area 
shown in the map is for east Mediterranean Sea and Syrian boundary is shown in black.   
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c. Classification for each winterôs months and monsoon seasonôs months for the years from 
2000 till 2011, took place to illustrate the seasonal drought spatial variability to four classes. 

The drought grouping classification system is as follow:   

Å     Group (1), very slight impacts of drought, where the VHI is more than 40% through 6 to 

7 months during the winter season, and 5 to 6 months during summer season in monsoon 

areas.  

Å   Group (2), slight impacts of drought, where the VHI is more than 40% through 5 months 

including October and November in the beginning of the season and March and April 

months during the winter season in Northern Africa, April and May in the beginning of 

season and October and November months during the summer season in Southern Africa, 

the VHI must not be less than 40% for one month during summer season in monsoon 

areas north of equator , and VHI is more than 40% through 3 from July to September , 

and must not must not be less than 40% for one month during winter season in monsoon 

areas south of equator , and VHI is more than 40% through 3 from January to March 

Å   Group (3), Moderate impacts of drought, where the VHI is more than 40% through 5 

months including October and November in the beginning of the season and March and 

April months during the Winter season, , April and May in the beginning of season and 

October and November months during the summer season in Southern Africa,. The VHI 

must not be less than 40% for another one or two months during the winter season in 

North Africa and in south Africa, and where the VHI is less than 40% through most 

months during summer season in monsoon areas including August or September North of 

equator and including February and March south of equator.  

Å   Group (4), Sever impacts of drought, didnôt fulfill any of the above mentioned conditions 

and the VHI is less than 40% for most of the months.  
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An example of the obtained result for illustration could be presented as in (Figure 3.14) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.14. VHI map for the season 2000/2001, Area shown in the map is for Syria   

 

The Seasonally VHI maps for the studied seasons were classified to 2 classes, the first class 

correspond to areas with no drought (the first class was given a value 1) and the second class 

correspond to areas with any level of drought (the second class  was given value 0), as shown in 

(figure 3.15 and 3.16). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.15. VHI map for the season 2000/2001 after classification to 2 classes (0,1), 

Area shown in the map is for east Mediterranean Sea and Syrian boundary is shown in black. 
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Figure 3.16. HI map for agriculture seasons 2000/2001- 2008/2009 after 

classification to 2 classes (0,1), Area shown in the map is for east Mediterranean Sea and 

Syrian boundary is shown in black. 

 

d. Agriculture drought frequency could be obtained from the vertical calculation from 

(0,1) classified VHI maps for the different agriculture seasons. The total studied 

seasons were 11 seasons  
 

e. Agriculture drought consecutive could be 

obtained from the horizontal calculation from 

(0,1) classified VHI maps for the different 

agriculture seasons. The total studied 

seasons were 11 seasons  
 

 

f. Agriculture drought intensity could be calculated for each pixel as an average of all 

studied monthly VHI for all seasons, 88 maps that represents (11 seasons*8 months in 

each season), as shown in (figure 3.17). The obtained results were then classified into 

4 classes as follows 

Severe Drought less than 15 

Moderate Drought 15ï 30 

Slight Drought 30 ï 45 

No Drought More than 45 
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Figure 3.17. Calculating Agriculture Drought Intensity as an Average of all Studied 

           Months of the Seasons.  

 

 

g. Agriculture drought variability 

was studied as of the countries 

of interest of this study located 

as previously mentioned in the 

region that considered with the 

lowest precipitation and highest 

variability of the world, (World 

Bank 2007)
177

, (figure 48). 

Accordingly, Agriculture 

drought variability could be 

considered as important factor 

that affect Agriculture Drought 

Hazard. It could be calculated 

from the Phase (the month of 

the year that each pixel has its 

maximum NDVI value). 

 

For calculating variability classes, we first subtract the annual NDVI shown in figure 

(3.19)  from the maximum average NDVI of all studied years as shown in Figures (3.20). 
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 World Bank (2007). ñMaking the Most of Scarcity - Accountability for Better Water Management Results in the 

Middle East and North Africa.ò International Bank for Reconstruction and Development, Washington, D.C.. 

 

 
Figure 3.18. shows the high normalized 

variability index of all the studied area, after 

(World Bank 2007) 
 


