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Chapter1.  Background Drought and Land Degradation I mpacts on 

Crop Losses  

1.1.  Introduction   

As indicated by IPCC (2012), drought will increase in many regions causing serious threat for 

large number of countries worldwide 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 drylands areas (semi-arid 

and arid regions) is a subject of particular interest due to the ecological and economic impacts.  

The Severe sensitivity of vegetation to climate forcing may result in rapid land use changes and 

severe vulnerability to land degradation, as result of human action.  When drought conditions 

end, recovery of vegetation may follow but such recovery process may last for longer periods of 

time.  This is coupled with a population increase within this regions rushing at scary rates 

further increase stresses on natural resources. Land degradation constitutes one of the major 

problems facing a healthy environment and sustainable management of natural resources. 

In Africa and in Arab region, Land degradation is considered extremely serious problem, as 

most countries are suffering from desertification in various types and degrees. It can be noted 

that many areas were exposed throughout history to the overuse of the natural resources which 

led to their deterioration and the acceleration of desertification problems in these roots of land 

degradation lie in increasing population, introduction of new and inappropriate technology in 

the affected regions, and in general, bad strategies of land management, and the breakdown 

between indigenous nomadic peoples and their traditional market and livelihood systems.  

Associated with these changes are growing of livestock numbers, intensive cultivation and 

excessive irrigation, deforestation, overgrazing; trees and shrubs are removed to produce fuel 

wood, or agricultural land; the land becomes increasingly impacted by wind and wa ter erosion. 

The land cover may become more barren or diverse, and nutrient -rich species are replaced by 

vegetation of poorer quality. The carrying capacity of the land is reduced, people who do not 

have land tenure security and/or water rights have little  or no incentive to invest in sustainable 

land management. Instead, they tend to focus on meeting their short -term economic needs, to 

the detriment of the environment. (Nicholson et al 1998 and Abou Kheir and Erian 2009).  

The negative impacts of land degradation are both ecological and socio-economic. Land 

degradation undermines the structure and functions of ecological systems that are critical for 

the survival of human beings. This impact has already put at risk the livelihoods and economic 

wellbeing, and the nutritional status of more than 1 billion people in developing countries 

(World Bank, 1998).  

In fact the trigger for the surge of interest in desertification was the drought that ravaged the 

Sahel in the early 1970s. Reportedly, a million people starved, 40% to 50% of the population of 

domestic stock perished, and millions of people took refuge in camps and urban areas and 

became dependent on external food aid (Graetz 1991).  In this regard, lands that are prone to 

degradation processes should be identified in advance to avoid possible damages.  

As drought becomes and important phenomena since the 70ôs of the last century, arose the 

idea that regions that were undergoing a process of desertification, may have exacerbated or 
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even caused the drought risk or  at least enhanced its impact, (Nicholson et al 1998). In fact 

the complexity of desertification and its relationship to rainfall variability and drought is 

underscored by the extensive field work and analysis, Akhtar-Schuster (1995), Graetz (1991), 

and others. 

In this study, areas in Africa, and Arab region  that are subject to  different Severe levels of both 

land degradation (LD) and agricultural drought hazard (ADH) will be characterized as well as 

their impacts to land cover.  And finally crop losses will be estimated with more economi3 of the 

impacts of combined Drought and Land Degradation. 

As Drought has its consequences on environment, natural resources and socio-economi3, a 

special case study, ñSyriaò will deal with drough t consequences and show how it could 

accelerate conflicts.  

1.2 Methodology  

1.2 .1. Developing Agriculture Drought Hazard Map  

On this study Agriculture Drought Hazard analysis is depend on satellite images (MODIS 

(250m*250m), and the following steps were for calculating ADH:  

Step 1: Computing Vegetation Healthy Index 

MODIS ï NDVI and MODIS ï LST, images were down loaded from NASA site, 

https://wist.echo.nasa.gov/wist -bin/api  

Several drought indicators have been used, after, Kogen (1995)1, 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:  

a. The Normalized Difference Vegetation Index 

NDVI were also used for identifying the main agriculture seasons in the region and for 

calculating VCI. Numbers of months with value for NDVI were  calculated.  

b. vegetation Condition Index 

A GIS model was created for studying VCI, the model main steps includes: 

¶ Preparation of monthly mosaic 

¶ Preparation for monthly minimum and maximum NDVI stocks.  

¶ The NDVI Stack layer were prepared for each month covering the period from 2000ï 2011 

¶ 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 Severe 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. 

                                         
1 Kogen, E.N. 1995. Application of vegetation index and brightness temperature for drought detecting. Advances in Space Research 

15:91-100. 
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c. Temperature Condition Index 

A GIS model were created for studying TCI, its main steps includes: 

¶ 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. 

¶ Storing results in memory 

¶ Calculating monthly Temperature Condition Index using the fo llowing equation Monthly 

TCI= (BT max ï BT)/(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. 

d. Vegetation Healthy Index 

A GIS model were created for studying VHI its main steps includes: 

¶ 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. 

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).  

b. Classification for each winterôs months for the years from 2000 till 2010, 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 
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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 .  

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).  

c. 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 10 

seasons  

d. Agriculture drought consecutive could be obtained from the horizontal calculation from (0,1) 

classified VHI maps for the different agriculture season s. The total studied seasons were 10 

seasons  

e. 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), 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 

f. For calculating Agriculture drought variability classes, the first step is  subtract the annual 

NDVI from the maximum average NDVI of all studied years. The obtaining significant 

variability classes only the shift of 5 to 6 months from average could be considered, as 

crop calendar for vegetation and natural vegetation in rangelands showing that in many 

years the crop cycle is not completed and NDVI reached its maximum in January instead 

of the normal months in April, May and sometimes early June.  

The deviation from average were calculated for all years and grouped to 4 classes as 

follows: 

No variability     : If the positive and negative values were calculated from (0 ï 1 month).  

Low variability       : If the positive and negative values of (2 month).  



5 | P a g e 
 

Moderate variability: if the positive and negative values of (3 ï 4 months).  

Severe variability      : If positive and negative values of (5 -6).     

g. Finally, the Agriculture drought Hazard ADH map for the studied area was created by 

crossing between the agriculture drought ñIntensityò, ñVariabilityò, ñfrequencyò and 

ñConsecutiveò maps in order. 

1.2. 2. Developing Vegetation degradation Map  

Vegetation degradation classes were studied using images for long time (MODIS 1km) for time-

series analysis. The time series calculations were carried out using the TimeStats software 

package. which was specifically developed for analyzing long-term hyper-temporal satellite data 

archives (Udelhoven, 2006).  

1.2 .3. Exposing Land Use Map to ADH and LD  Map.  

Both vegetation degradation time series trend analysis map and ADH map were crossed and the 

result were re-crossed with  land cover/land use map, after Arino et al (2008), that allow a 

better understanding for the type (s) of land use that are more vulnerable to LD and ADH  . 

1.2 .4. Measur ing Vulnerability  

Based on parameter to identify national capacity for coping with drought hazard,   for studding 

the impact of ADH on socio-economy the FAOSTAT/ country profile data were used, the main 

indicators used to compare the changes during the last decade and the changes during the last 

five years were:  

i. Economic Indicator Coded As Ec 

ii. Population Coded As Po 

iii. Land Use Coded As Lu  

iv. Water Availability Coded As Wa 

i. Economic Indicator (Ec) 

EcA :  GDP in Million US$.  

EcB : GDP Growth rate NGI US$.  

EcC : Agriculture Share In GDP %.  

EcD : Labor Force% in Agriculture  

EcE : Unemployment Rate:%.  

EcF. : Below Poverty Line %   

EcG : Agriculture, value added per agricultural worker (USD) 2009-1999  

EcH. : Evaluation of the Value of Total Agriculture Production and Food Production  

EcI : Value (millions of  2004 -2006 in ($).   

EcJ : Change in crop production value per ha %  

ii. Population (Po) 

PoA : Mean Population Density person/Km2 

PoB : People in working age (15-64) years % 

PoC. : Population growth rate  

PoD. : Net migration rate: for each 1000 person  

PoE.  : Females % of  Labour force in Agriculture- 2011. 

PoF. : Average Agriculture population Change 2011 - 2001% 
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iii.    Land Use (Lu) 

LuA. : Arable Area % from Total  

LuB : Change in Arable Areas 1999 - 2009 

LuC :  Permanent Crops Area % from Total 

LuD : Change in Permanent Crops Areas 1999 - 2009 

LuE :  Forest Area % from Total  

LuF. :  Change in Forest Areas 1999 - 2009 

iv.    Water Availability 

WaA Total Renewable Water Resources cu km 

WaB Fresh water Withdrawal Total Cu km/y 

WaC Fresh water Withdrawal agricultural %  

WaD  Fresh water Withdrawal per Capita Cu km/y 

 

Major National Capacity Indicators description is shown in (Table.1.1). 

1.2 .5. Estimating Crop Losses  
For estimating crop losses it is important to understand the relation between land production 
and the moisture limits like wilting point, available moisture and field capacity, as those 
moisture levels are reflecting the plant ability for absorbing soil moisture and provide plants 
with its water requirements. Plant production in water -limited environments is very often 
affected by constitutive plant traits that allow maintenance of a high plant water status 
(dehydration avoidance), high yield potential (YP) might not be compatible with drought 
resistance (DR). However, under most dryland situations where crops depend on unpredictable 
seasonal rainfall, the maximization of soil moisture use is a crucial component of drought 
resistance (avoidance), which is generally expressed in lower water-use efficiency (WUE), (Blum 
2005)2. 
Hillel (1971)3, indicated that in  order to obtain the highest possible yields of many agricultural 

crops, soil moisture content must provide an amount sufficient to prevent water from becoming 

a limiting factor. Knowledge of the potential evapotranspiration can therefore serve as a basis 

for planning the irrigation regime. Kramer (1969) 4, added that the plants growing in soils that 

have low storage capacity will exhaust the readily available water and suffer from drought much 

sooner than plants growing in soils with high storage capacity.  

Relative evapotranspiration began to decrease when two-thirds of available soil water had been 

used. The length of drought periods is defined from that time until irrigation was resumed. 

Drought sensitivity per stress day (F/SD) was decreased from 0.14 during jointing to 0.08 

during booting. For drought after heading F/SD was 0.038 corresponding to a 3.8% grain yield 

reduction per stress day. This means that one stress day corresponds to one day without grain 

growth, (Mogensen 1980)5. 

                                         
2 A. Blum  (2005) ñDrought resistance, water-use efficiency, and yield potentialðare they compatible, dissonant, or mutually exclusive?ò 

Australian Journal of Agricultural Research 56(11) 1159ï1168   
3 Hillel, D. (1971). "Soil And Water, Physical Principles And Process". Academicpress. New York 
4 Kramer, P. J. (1969). "Plant And Soil Water Relationships". A Modern synthesis Mc grans - Hill Book co., New York. 
5 Mogensen V. O.  (1980). ñDrought Sensitivity at Various Growth Stages of Barley in Relation to Relative Evapotranspiration and Water 
Stressò, Agronomy Journal, Volume 72 Issue 6 
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Table.1.1. Major National Capacity Indicator  

i. Economic Indicator  

Classes EcA. EcB. . EcC. EcD. EcE. EcF. EcG EcH EcI EcJ 

1 more than 1000000 Million US$ >6  >40000 <5 %  >5 %  <5 %  >5 %  >5000 >100%  >50%  

2 250000 - 1000000 5 - 6 25000 ï 40000 5 ï 10% 5 ï 10% 5 ï 10% 5 ï 10% 3000 5000 50 ï 100% 25 ï 50% 

3 100 000ï 250 000 Million US$ 4 - 5 10000 ï 25000 10 ï 20% 10 ï 15% 10 ï 15% 10 ï 15% 1500 ï 3000 25 ï 50 % 0 ï 25 % 

4 50000 - 100000 Million US$ 3 - 4 5000 ï 10000 20 ï 30% 15 ï 25% 15 ï 20% 15 ï 25% 750 ï 1500 0 ï 25% No change 

5 25000 - 50000 Million US$ 2 - 4 2500 - 5000 30ï 40 % 25ï 35 % 20ï 25 % 25ï 35 % 500 - 750 No change (1) - (25%)  

6 10000 ï 25000 Million US$ 1 - 2 1000 ï2 500 40 ï 50 35 ï 50 25 ï 30 35 ï 50 200  - 500 0  - (25%)  (25)  - (50) 

7 less than 10000 < 1  < 1000  ü 50 ü 50 ü 30 ü 50 < 200  < (25)  < (50)  

ii. Population  

Classes PoA PoB PoC PoD PoE PoF 

1 >50 >60 < 0.5  0 Less than 10 More than 10 

2 50 - 100 60 - 50 0.5 - 1 0 ï (2) 10- 20 5 - 10 

3 100 -500 50 - 40 1 ï 1.5 (2) ï (4) 20 - 30 0 - 5 

4 250 - 500 30 - 40 1.5 - 2 (4) ï (6) 30 - 40 No change 

5 500 - 750 20 - 30 2 ï 2.5 (6) ï (8) 40 ï 50 (0) ï (5) 

6 750 ï 1000 10 -20 2.5 - 3 (8) ï (10) 50  -60 % (5) ï (10) 

7 less than 1000 less than 10 ü 3 ü (10) More than 60 Less than 10 

iii. Land Use (Lu) 

Classes LuA. LuB. LuC LuD. LuE LuF 

1 >25%  More than 50 >25%  More than 50 >25%  More than 50 

2 20 ï 25% 25 ï 50 20 ï 25% 25 ï 50 20 ï 25% 25 ï 50 

3 15 ï 20 % 0 - 25 15 ï 20 % 0 - 25 15 ï 20 % 0 - 25 

4 10 - 15 No change 10 - 15 No change 10 - 15 No change 

5 5  - 10 0  - (25) 5  - 10 0  - (25) 5  - 10 0  - (25) 

6 2 - 5 (25) ï (50) 2 - 5 (25) ï (50) 2 - 5 (25) ï (50) 

7 Less than 2 Less than  (50) Less than 2 Less than  (50) ü Less than 2 Less than  (50) 
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iV. Water Availability  

Classes WaA WaB WaC WaD 

1 More than 500 More than 60 Less than 50 More than 1200 

2 200- 500 45 - 60 50 - 65 800 - 1200 

3 100 - 200 35 - 45 65 - 70 600 - 800 

4 75 - 100 25 - 35 70 - 75 500 - 600 

5 50 - 75 10 - 25 75 - 80 400 - 500 

6 25 - 50 5 - 10 80 - 85 200 - 400 

7 Less than 25 Less than 5 More than 85 Less than 200 
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Zaghloul et al (1997)6, also indicated that, as soil moisture content is less than 50 - 65% from 
the available water the yield is severely affected and reduced to 30 ï 60% from the normal 
yield and if less than 50% the yield is extremely affected and might end like less than 30% 
from the normal yield, d epend on crop requirements. durum wheat and triticale under different 
moisture levels, in a typical Mediterranean climate. Yield of wheat showed significant reductions 
(by 25, 54 and 87%) under drought stress,  (Giunta et al 1993)7 . 
Changes in biomass production of a barley crop in response to droughts of various timing and 
duration, decreased growth rates were caused primarily by reductions in radiation-use efficiency 
when drought was imposed from emergence, and that radiation -use efficiency was depressed 
even after drought was relieved, Jamieson et al (1995) 8. Moisture stress in all growth stages 
reduced the grain yield significantly, (Singha et al 1991) 9. Hlavinkaa et al (2009)10, found that 
severe droughts are linked with significant reduction in yields of the main cereals and majority 
of other crops through the most drought prone regions, and that a statistically significant 
correlation (p Ò 0.05) between the sum of Palmerôs Z-index for the main growing period of each 
crop and the yield departures of spring barley within 81% (winter wheat in 57%, maize in 48%, 
potato in 89%, oats in 79%, winter rye in 52%, rape in 39%, hay in 79%) of the analyzed 
districts. 
Rozelle et al (2008)11, stressed on environmental degradation impacts as a major effect on 
grain production in many of China's agricultural areas that caused at the national level, the 
average rate of production fell to 1.8 percent per year from 1985 to 1990, after an average 
growth rate of 4.7 percent per year from 1978 to 1984. He added that supplies and application 
rates of critical farm inputs during  1985 to 1990 reached record levels, but had a disappointing 
effect on both yields and gross production, from his analysis he suggests that environmental 
degradation may have cost China as much as 5.7 million metric tons of grain per year in the 
late 1980s. Results also indicate that the projected losses due to environmental stress are not 
evenly distributed throughout China, but that regions which brought considerable amounts of 
marginal land into cultivation during the earliest years of the reform period now face the 
greatest problems. The accumulation of environmental pressures, including erosion, salinization, 
soil exhaustion, and degradation of the local environment, may be partially responsible for the 
recent slowdown of grain yields in China. Using provincial production data from 1975 to 1990, 
the analysis shows that environmental factors, especially the breakdown of the environment, 
did contribute to the decline in the rate of increase of yields in China during the late 1980s. 
Erosion and salinization had a small, negative effect on yields, (Huang and Rozelle 1995)12. 
At the meantime, Although the prices of agricultural commodities started to rise from as early 
as 2001, the sharpest increase occurred in the years 2006-08,(ICRISAT 200813), (Figure 1.1). 

                                         
6 Zaghloul, K. F., W. Erian, and F. A. Gomaa,. (1997)  ñThe Use of Geographic Information System (GIS) To Combine Soil Map With The 

Suggested Irrigation Scheduling In The Sugar Beet Zone, Nubariya - Egyptò. The First International conference on ñEarth Observation And 

Environment Informationò 13-16 October, organized by Arab Academy for Science and Technology and Maritime Transport, Alexandria - 

Egypt. 
7 Giunta F,. R. Motzo, M. Deidda (1993). ñEffect of drought on yield and yield components of durum wheat and triticale in a Mediterranean 

environmentò, Volume 33, Issue 4, , Pages 399ï409 
8 Jamieson P.D., R.J. Martin, G.S. Francis, D.R. Wilson (1995), ñDrought effects on biomass production and radiation-use efficiency in barleyò, 

Volume 43, Issues 2ï3, Pages 77ï86 
9 Singha P.K, A.K Mishrab, Mohd Imtiyazc (1991). ñMoisture stress and the water use efficiency of mustardò, Agricultural Water Management, 

Volume 20, Issue 3, Pages 245ï253 
10 Hlavinkaa P, M Trnkaa, , D Semer§dov§a, , M DubrovskĨa, b, , Z Ģaluda, , M MoģnĨc, (2009) ñEffect of drought on yield variability of key 

crops in Czech Republicò, Volume 149, Issues 3ï4,  Pages 431ï442 
11 Rozelle S, G Veeck  and J Huang, (2008).òThe Impact of Environmental Degradation on Grain Production in China, 1975ï1990ò, Economic 

Geography, Volume 73, Issue 1, pages 44ï66 
12 Huang J and  Scott Rozelle (1995) ñEnvironmental Stress and Grain Yields in Chinaò, American J. of Agricultural Economics Volume 77, 

Issue 4Pp. 853-864. 
13 ICRISAT 2008. Strategic Assessments and Development Pathways for Agriculture in the Semi-Arid Tropics Policy Brief No. 13 
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The rise in prices can be attributed to a multitude of factors both on the demand and supply 
side.  Fuelled by technological change, the real prices of agricultural commodities witnessed a 
secular decline until 2000, at an annual rate of about 2% a year bet ween 1970 and 2005, with 
some minor intermittent ups and downs, both absolutely and relative to the manufactured 
products (FAO 200414).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.1.1 Agricultural commodity prices in real terms (2005=100)  
 
While much has been written about the price trends of fine cereals and commercial crops, very 
little is known about the trends in crops like sorghum and millet that are both staples and an 
important source of income for the small -scale farmers in the semi-arid tropics, as in sub-
Saharan Africa,(ICRISAT 2008), Trend in real export prices of sorghum, millets and maize 1970-
2008, is shown in (figure 1.2 ).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2 Trend in real export prices of sorghum, millets and maize 1970-2008, Source : World 
Bank 2008. 

                                         
14 FAO. 2004. The state of agricultural commodity market. Rome, Italy: FAO. 
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According to Erian et al (2012)15, The estimated economical crop losses of the major crops 
grown in the studied area such as Wheat, sorghum, Millet, Maize, Cassava, Potatoes, Sweet 
Potatoes, and green Maize using the available data from 1999 ï 2011 in FAO STAT , show the 
following Crop Losses classes: Class 1: Loss in US$ of more than 7 billion US$ in 12 years, as in 
Nigeria; Class 2: Loss in US$ range between 5- 7 billion US$ in 12 years, as in France, Iran and 
Angola; Class 3: Loss in US$ range between 2.5- 5 billion US$ in 12 years, as in Malawi, 
Morocco and Turkey; Class 4: Loss in US$ range between 1- 2,5 billion US$ in 12 years, as in 
Egypt, Ghana, Algeria, Syrian Arab Republic, South Africa, Ethiopia, Rwanda, Mozambique, Iraq 
and Italy ; Class 5: Loss in US$ range between 0.75- 1.0 billion US$ in 12 years, Benin, Saudi 
Arabia and Cameroon; Class 5: Loss in US$ range between 0. 5- 0.75 billion US$ in 12 years, 
Madagascar, Tunisia, Congo Democratic  Republic, Uganda, Kenya and Spain; Class 6: Loss in 
US$ range between 0.25- 0.5 billion US$ in 12 years, Senegal, Greece, Zambia, Mali, Niger and 
Cote d'lvoire; Class 7: Loss in US$ range between 0.1- 0.25 billion US$ in 12 years, Burundi, 
Burkina Faso, Portugal, Guinea, Zimbabwe, Congo, Lebanon, Togo, Chad and Yemen; Class 8: 
Loss in US$ range between 0.05 - 0.1 billion US$ in 12 years, Libya, Comoros, Sierra Leone, 
Central African Republic and Liberia and Class 9: Loss in US$ less than  0.05 billion US$ in 12 
years, Jordon, Somalia, Lesotho, Gabon, Guinea-Bissau, Gambia, Mauritania, Eritrea, Equatorial 
Guinea, Oman, Swaziland, Namibia, Kuwait, Botswana, and Sao Tome and Principles 
The real crop losses figures related to the severity of drought hazard are wider than obtained 
from the studied crops and could be improved in more detailed studies for each country using 
similar technique like the one used in this study.  But from figures (1 and 2) and above 
mentioned relationship between soil moisture drought and yield and foe estimating the crop 
losses and cost for creating alternative job opportunity for affected worker by both Agriculture 
Drought Hazard and Land Degradation, the lead author suggested the following relations for 
the general estimation as presented in (table 2). 
 
Table 1.2. Estimated Crop losses and Cost for Creating Alternative Job Opportunity for Affected 

Workers 
Total Affected   

Land Use Type 
Level of Severity 

Rangelands  

Sevier Moderate Slight Sevier Moderate Slight Sevier Moderate Slight 

Production losses in % Lost land value US$ Number of workers lost Job 

60 35 15 160 90 30 0.25 0.1 0.07 

Rainfed  

Sevier Moderate Slight Sevier Moderate Slight Sevier Moderate Slight 

Production losses in % Lost land value US$ Number of workers lost Job 

45 25 10 400 200 90 1 0.5 0.1 

Forest  

Sevier Moderate Slight Sevier Moderate Slight Sevier Moderate Slight 

Production losses in % Lost land value US$ Number of workers lost Job 

40 20 7.5 1000 500 200 0.7 0.3 0.1 

 
 
 
 
 

                                         
15 Erian W., B Katlan, B. Oul.dbedy, H. Awad, E. Zaghtity and S  Ibrahim, (2012). ñAgriculture Drought in Africa 

Mediterranean and Middle East, Background paper prepared for the 2013 Global Assessment Report on Disaster 

Risk Reduction. Geneva, Switzerland: UNISDR. 
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Chapter2: Estimating Crop Losses in Africa  

2.1. Agriculture Drought Hazard in Africa  

The total studied area covers 50 countries and represents approximately 2.95 billion hectares of 

land. The total rainfed areas are covering 2.16 billion hectares (represent 57.48% of the total 

studied area).  These rainfed areas could be sub-divided into 3 main land use types, the rainfed 

croplands area, the Rangelands area and the Forests that represent 20.32%. 39.23% and 

40.64% of the total studied area respectively  

The Agriculture Drought Hazard map was produced, as shown in figure (2.1) and table (2.1) 

and classified into 4 major groups.  The main Classes are: 

- Class 1:No Drought hazard covers 213.88 million  Km2 of the study area and represents 

72.52% 

- Class 2 Slight Drought Hazard covers 3.66 million  Km2 of the study area and represents 

12.4% 

- Class 3 Moderate Drought Hazard covers 3.75 million  Km2 of the study area and represents 

12.72% ; and  

- Class 4 Severe Drought Hazard covers 0.7 million  Km2 of the study area and represents 

2.36% 

Total effected areas by Agriculture Drought Hazards are å 810.47million hectares represents 

27.48% of the total Africa area, but the severely affected (moderate and Severe) areas are å 

444. 76 million hectares represents 15.08% of the total Africa area.  

Countries were ranked to seven groups according to the total present of the ADH severity 

during the last decade (2000 ï 2011), the range for each group was as follows:  

Group 1: including countries with extremely Severe extend of ADH, and were ADH, affected 

more than 85 % of the total country area, but none of the African countries are in this group;  

Group 2, including countries with very Severe extend of ADH affected areas of more than 75% 

of the total country area, this group includes countries like, Morocc o, Eritrea and Equatorial 

Guinea with a ADH percentage coverage of 84.22, 79.42 and 77.17 respectively; 

Group 3, including countries with Severe extend of ADH affected areas of about 60 - 75% of 

the total country area; this group includes the following cou ntries: Gabon, Tunisia, Djibouti, and 

Namibia, Israel with a ADH percentage coverage of   70.53, 69.8, 68.33, and 61.41 

respectively; 

Group 4, including countries with moderate extend of ADH effected 45 - 60% of the total 

country area, this group includes the following countries: Somalia, Ivory Coast, Nigeria, 

Senegal, Liberia, Kenyaô Sierra Leanne and, Ghana with a ADH percentage coverage of 56.53, 

55.78, 53.83, 52.62, 51.05, 49.26, 48.31 and 45.03, respectively;  

Group 5, including countries with low to mo derate extend of ADH effected areas of about 30 - 

45% of the total country area, this group includes the following countries: Western Sahara, 

Ethiopia, Benin, Mali, South Africa, Burkina Faso, Togo, Botswana, Sudan and South Sudan, 

Cameroon. and Chad with a ADH percentage coverage of 43.68, 41.68, 40.48, 39.84, 38.45, 

38.26, 37.97, 36.5, 33.3, 32.02, 30.87 respectively;  



13 | P a g e 
 

Group 6, including countries with low extend of ADH  effected areas of about 15 - 30% of the 

total country area, this group includes the following countries: Niger, Congo, Algeria,  

Mauritania, , Libya and Egypt with a ADH percentage coverage of 29.11, 25.56, 25.52, 24.77, 

16.8, and 15.9 respectively;  

Finally, the rest of Africa Countries are in Group 7 with very low extend of ADH effected areas 

of less than15 of the total country area,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1. Areas Affected by Agriculture Drought Hazard 
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Table 2.1.  Agriculture drought hazard in the African countries 

Country High Moderate Slight No 
Change 

All Hazard Sever ADH 
High/Moderate 

3 2 1 0 (1+2+3)  (2+3)  

  Class 6,  High coverage of ADH 75 ï 85%  

Morocco 2.9 31.14 50.18 15.77 84.22 34.04 

Eritrea 6.43 32.01 40.98 20.58 79.42 38.44 

Equatorial Guinea 4.96 30.86 41.35 22.83 77.17 35.82 

  Class 5, high to Moderate  Coverage of ADH 60-75 %  

Gabon 15.5 24.55 30.48 29.48 70.53 40.05 

Tunisia 10.6 20.17 39.03 30.2 69.8 30.77 

Djibouti 9.08 38.74 20.51 31.67 68.33 47.82 

Macedonia 25.18 36.62 4.92 33.28 66.72 61.8 

Namibia 0.45 58.54 2.42 38.59 61.41 58.99 

  Class 4,  Moderate  Coverage of ADH 45-60 %  

Somalia 18.56 34.01 3.96 43.46 56.53 52.57 

Ivory Coast 0.95 21.62 33.21 44.23 55.78 22.57 

Nigeria 4.01 19.56 30.26 46.17 53.83 23.57 

Senegal 4.26 26.59 21.77 47.38 52.62 30.85 

Liberia 0.43 12.09 38.53 48.95 51.05 12.52 

Kenya 13.62 27.54 8.1 50.74 49.26 41.16 

Sierra Leone 0.12 13.35 34.84 51.69 48.31 13.47 

Ghana 1.96 15.8 27.27 54.96 45.03 17.76 

 Class 3,  moderate to low Coverage ADH 30-45 %  

Western Sahara 0.17 12.43 31.08 56.32 43.68 12.6 

Ethiopia 9.88 19.88 11.92 58.32 41.68 29.76 

Benin 2.57 6.44 31.47 59.52 40.48 9.01 

Mali 1.18 16.1 22.56 60.16 39.84 17.28 

South Africa 0.03 33.52 4.9 61.55 38.45 33.55 

Burkina Faso 1.85 20 16.41 6174 38.26 21.85 

Togo 1.34 6.54 30.09 62.04 37.97 7.88 

Botswana 0.08 24.06 12.36 63.5 36.5 24.14 

Sudan 1.74 13.21 18.35 66.7 33.3 14.95 

Cameroon 1.72 10.36 19.94 67.99 32.02 12.08 

Chad 1.25 11.68 17.94 69.14 30.87 12.93 

 Class 2,  low Coverage of ADH 15-30 %  

Niger 1.28 10.96 16.87 70.89 29.11 12.24 

Congo 7.12 9.08 9.36 74.44 25.56 16.2 

Algeria 3.34 9.41 12.77 74.49 25.52 12.75 

Mauritania 1.03 9.61 14.13 75.23 24.77 10.64 

Libya 0.6 2.86 13.34 83.2 16.8 3.46 

Egypt 0.89 3.09 11.92 84.09 15.9 3.98 

 Class 1,  very low Coverage of ADH <15 %  

Zimbabwe 0.03 10.13 3.57 86.27 13.73 10.16 

Guinea 0.03 1.59 11.96 86.42 13.58 1.62 

Malawi 3.36 5.38 3.22 88.04 11.96 8.74 

Gambia 0.69 0.96 9.33 89.01 10.98 1.65 

Lesotho 0 3.11 4 92.89 7.11 3.11 

Mozambique 0.21 4.8 1.85 93.14 6.86 5.01 

Angola 0.2 3.5 2.07 94.14 5.77 3.7 

Tanzania 0.66 1.66 1.46 96.22 3.78 2.32 

Uganda 1.39 1.2 1.18 96.23 3.77 2.59 

Burundi 1.44 1.16 0.84 96.55 3.44 2.6 
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2.2. Vegetation  DEGRADATION IN AFRICA  

Total effected areas by land degradation are å 1.54 billion hectares represents 52% of the total 

Africa area, as shown in figure ( 2.2) and (table 2.2). 

Countries effected areas by land degradation could be grouped as follows:  

Group 1: including countries with extremely Severe extend of LD in more than 75% of their 

areas: in Lesotho, Kuwait, Djibouti, Sierra Leanne, Zambia, and D R Congo. 

Group 2: including countries with Severely extend of LD in 50- 75% of their areas:  in Swaziland, 

R Congo, Zimbabwe, Guinea, Liberia, Ethiopia, Botswana, Comoros, Eritrea, South Africa, 

Angola, Madagascar, Uganda, CAR, Nigeria, Cameroon, Rwanda, Equatorial Guinea, 

Mozambique, Tanzania, Guinea-Bissau, Burundi, Somalia, and Benin 

Group 3: including countries with moderately extend of  LD in 25- 50% of their areas:  in Kenya, 

Niger, Gabon, Sudan & S. Sud, Egypt, Mali, Libya, Chad, Togo, Cote d'Ivoire, Algeria, Ghana, 

Gambia, Malawi, S. T. & Principe, Burkina Faso, Mauritania and Tunisia. 

Group 4: including countries with low extend of  LD in 10- 25% of their areas:  in Senegal, 

Namibia and Morocco. 

The effects of land degradation are often irreversible, and land rehabilitation frequently requires 

inputs which are costly, labor-demanding or both.  

Although plant nutrients and soil organic matter may be replaced, degraded pastures can be 

recovered under improved range management, salinized soils can be restored to productive 

use. However, to replace the actual loss of soil material requires thousands of years. In 

addition, the cost of reclamation or restoration to productive use of degraded soils is invariably 

Severer than the cost of preventing degradation before it occurs  
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Figure 2.2. Land Degradation Map of Africa 


