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  Abstract   Several land degradation indicators have been recognized in Kuwait; 
these are soil loss by wind and/or water; soil crusting, sealing, and compaction; soil 
contamination by oil; soil salinization; deterioration of vegetation cover and its 
biodiversity; and hydrological degradation. Aeolian processes, as manifested by soil 
de fl ation, drifting sand, and migrating dunes, may be considered as one of the pri-
mary causes of soil degradation in Kuwait. The present status of land degradation as 
re fl ected by the severity of degradation of vegetation cover, soil erosion/de fl ation, 
and hydrological drought has been assessed based on visual comparison between 
data recorded in the early 1980s and recent  fi eld surveys (early 2010). It has been 
concluded that the northwestern and southern parts of Kuwait are severely degraded. 
Anthropogenic activities (off-road vehicle traf fi c, excessive grazing, camping, and 
quarrying) as well as military operations (Gulf Wars and present defense structures) 
are the main causes of land degradation in Kuwait. However, aeolian processes, 
nature of surface sediments (soil type), and climatic conditions play a signi fi cant 
role. It was also recognized that the sandy soils (Torripsamments) that cover most of 
the southern part of Kuwait are the most vulnerable to aeolian processes, particularly 
soil loss by de fl ation. Hence, mitigation measures for the maintenance of Kuwait 
desert ecosystem are recommended.  
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    39.1   Introduction 

 Land degradation is believed to be one of the most severe and widespread global 
environmental problems (Dregne et al.  1991 ; Dregne  1992 ; Oldeman et al.  1992 ; 
UNEP  1992 ; UNCED  1992 ; Maingnet  1994 ; Lal and Stewart  1994 ; Johnson and 
Lewis  1995 ; Middleton and Thomas  1997 ; Lal et al.  1997 ; Reynolds and Smith 
 2002 ; Al-Awadhi et al.  2005a  ) . The term land degradation, as de fi ned by UNEP 
 (  1992  ) , is a process, which lowers the current and/or the potential capability of land 
to produce goods or services (quantitatively and/or qualitatively). 

 Dry lands are particularly susceptible to degradation, and although they cover 
about 41% of Earth’s land surface (Safriel and Adeel  2005  ) , estimates of the extent 
and severity of degradation vary greatly (Lepers et al.  2005  ) . There are estimates 
that 70% of the world’s dry lands are affected and that at least one third of the pres-
ent deserts are man-made (UNCED  1993 ; Le Houérou  1996 ; Warren et al.  1996 ; 
Ravi et al.  2010  ) . According to Kassas  (  1995  )  and Agnew and Warren  (  1996  ) , it is 
particularly the semiarid regions of the world that are most susceptible. At the same 
time, these regions, both rich and poor, are experiencing some of the highest popula-
tion growth rates worldwide (Warren et al.  1996  ) . 

 Land degradation stems from an imbalance between the fragile environment and 
human economic activity, among many other factors. In other words, land degrada-
tion in ecologically vulnerable region is the outcome of irrational unsustainable 
land use and lack of proper resource management. Rational and effective measures 
for controlling and rehabilitation of degraded lands should be based on a thorough 
understanding of the causes and pattern of land degradation. 

 In recent decades, Kuwait has suffered severe land degradation, as noted by sev-
eral authors (e.g., Khalaf  1989 ; Omar  1991 ; Zaman  1997 ; Brown  2003 ; Brown and 
Porembski  1997,   1998 ,  2000 ; Howle  1998 ; Misak et al.  1999 ; Shahid et al.  1998, 
  1999,   2003 ; Al-Dousari et al.  2000 ; Al-Awadhi et al.  2001 ; Omar et al.  2001 ,  2005  ) . 
The main causes of this problem can be attributed principally to overgrazing, but 
also to recreational activities such as off-road driving and camping, as well as indus-
trial practices, particularly quarrying (Khalaf  1989  ) . In addition, serious damage 
was in fl icted on the natural environment during the recent Iraqi occupation and the 
hostilities associated with the liberation of the country during the Gulf War (Shahid 
et al.  1999 ; Al-Awadhi  2001  ) . The study of Misak et al.  (  1999  )  indicated that at least 
76% of the desert ecosystem of Kuwait suffers different degrees of land degrada-
tion, 44% moderately, and 32% being severely degraded. 

 Although globally, the world main concern of land degradation is due to a 
decrease in land capabilities and productivity, the main concern in Kuwait may be 
attributed to the associated deterioration in the desert ecosystem particularly envi-
ronmental quality and biodiversity. Land capability for grazing activities has high 
cultural importance; however, it is economically insigni fi cant. 
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 This chapter provides a review of published work on land degradation of Kuwait. 
Also, the present status of land degradation as re fl ected by the severity of degrada-
tion of vegetation cover, soil erosion/de fl ation, and hydrological drought are assessed 
based on visual comparison between records and observation by the authors in early 
1980s of the last century and their recent  fi eld surveys during the period of January–
March 2010. An assessment of the vulnerability of the various soil types in the 
northwestern and southern areas of Kuwait to aeolian processes, particularly soil 
loss by de fl ation, is discussed. Causes and consequences of land degradation are 
also discussed and mitigation measures to alleviate the severity of land degradation 
in Kuwait are recommended. 

    39.1.1   Natural Environment of Kuwait 

 The State of Kuwait is situated at the northwestern corner of the Arabian Gulf, and it 
covers an area of 17,818 km 2  (Fig.  39.1 ). Summer is very hot, especially in July and 
August, with mean temperatures of 37.4°C and maximum mean temperatures of 45°C. 
On a monthly basis, potential evapotranspiration far exceeds precipitation throughout 

  Fig. 39.1    Location map of Kuwait       
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the year. Rainfall is scarce and irregular; it varies from 28 mm (1963–1964) to 260 mm 
(1975–1976), and the total average of rainfall is approximately 115 mm year −1 , with an 
evaporation rate of 16.6 mm day −1 .  

 Wind direction in Kuwait is fairly consistent; about 75% of the winds blow from 
the west, northwest, and north. The average monthly wind speed ranges from 8.7 
knots (in January and December) to 11.2 knots (in June and July). Sand and dust 
storms are frequent during the summer period. 

 The surface of Kuwait is carved from the Mio-Pleistocene calcretic formation 
during early Holocene pluvial periods. The carved depressions and water courses 
are  fi lled by the  fl uvial and alluvial sediments. By the advent of aridity, aeolian 
processes started to act on these  fl uvial sediments as the present-day aeolian land-
forms were developed. These landforms can be grouped into erosional and deposi-
tional landforms. Erosional landforms are represented by (a) calcretic and gypcretic 
rock exposures, which occur as  fl at terrain and small humps and some are yardangs; 
(b) desert pavement represented by pebbly lag, granule lag, and mixed lag; and 
(c) granule ripples. Depositional landforms include (a) sand dunes, (b) nabkhas and 
sand drifts, (c) sand sheets, and (d) anthropogenic-related sand accumulations. 
Sabkhas and tidal  fl ats are the most dominant landforms in the coastal zone. 

 The open rangeland is  fl at to slightly undulating desert plain sloping gently 
toward the northeast from about 280 m above sea level near Wadi Al-Batin in the 
extreme southwestern corner of the country toward the Arabian Gulf coast in the 
east. It is broken by occasional ridges, low hills, wadies (drainage lines), depres-
sions, and sand dunes. Two prominent ridges dissect the northwestern part of the 
rangeland, namely, Al-Layiah and Kraa Al Marw, which are made up of gravelly 
gypcretic calcrete. Less prominent discontinuous smaller ridges are parallel to 
these ridges. They are separated by relatively  fl at desert plains covered by desert 
pavement (pebbly lag). Isolated calcretic hills are frequent in the southwestern 
area. Permanent or even intermittent streams are lacking in Kuwait. Dense inter-
nal drainage systems occur in the northern area especially in the Rawdatain and 
Umm Al-Aish areas where they converge into a fairly large depression. Small 
depressions (playas) are encountered in the north, central, and western parts. Wadi 
Al-Batin, the largest wadi in the country, marks the northwestern border with Iraq. 
It reaches a width of 8–11 km and a depth of about 50 m below the level of the 
adjacent plateau. 

 Due to the harshness of the climate, pedogenesis is minimal, leaving the sandy or 
gravelly parent material little altered by the soil-forming processes. In most south-
ern areas, Torripsamments are prevalent, whereas Petrogypsids, Calcigypsids, and 
Haplocalcids predominate in many northern and western parts of the country 
(Kuwait Institute for Scienti fi c Research  1999 ; Omar et al.  2000  )  (Fig.  39.2 ).  

 According to Halwagy and Halwagy  (  1974  )  and Halwagy et al.  (  1982  ) , three 
distinct vegetation communities are present, namely, (a) a dwarf shrub community 
of Rhanterium epapposum dominated the southern half of the country; (b) Cyperus 
conglomeratus which replaces R. epapposum as the key perennial species, probably 
as a result of overgrazing; and (c) the chenopod Haloxylon salicornicum community 
that is prevalent in the northern Kuwait.  
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    39.1.2   Land Use 

 Nineteen land-use types are recognized within Kuwait territory (Fig.  39.3 ). These 
can be grouped into six main land-use types, namely, open rangeland, oil  fi elds, 
protected areas, agricultural areas, military areas, and urban areas. Open rangeland, 
which is the subject of the present study, constitutes about 75% of Kuwait’s terres-
trial area.    

    39.2   Manifestation of Land Degradation 

 Land degradation processes are prevailing in the majority of the terrestrial environ-
ment of Kuwait in general and in the open rangeland in particular. This is mainly 
manifested by the destruction of the vegetation cover and soil erosion by aeolian 

  Fig. 39.2    Generalized great group soil map of Kuwait       
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and  fl uvial processes. The following is a description of the observed changes in the 
vegetation cover, surface sediments/soil, and the pattern of surface hydrology. 

    39.2.1   Deterioration of the Vegetation Cover 

 A comparison between the densities of the vegetation cover (mainly perennial desert 
shrubs) recorded during the early 1980s to that observed in February 2010, revealed 
a state of severe degradation. The  fi rst author of this chapter prepared a sedimento-
morphic map for the State of Kuwait during early 1980s (Khalaf et al.  1984  ) . This 
map indicates that most of the western and southern parts of Kuwait were covered 
by rugged vegetated sand sheets (RVSS), which were developed by the coalescence 
of nabkhas (Fig.  39.4a ). These areas were characterized by dense to moderate veg-
etation cover.  

 At present, living desert shrubs (Haloxylon salicornicum) were rarely 
observed within these areas. The RVSS have been replaced by thin sand sheets, 
mostly covered by granule lag. The densely populated shrubs, that at one time 
use to stabilize the RVSS, have been almost totally weathered or died, with 
remnants of these shrubs represented by dead or dying stems and roots still 

  Fig. 39.3    Current land-use map of Kuwait       
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marking the original occurrences of the once existed nabkhas (Fig.  39.4b ). 
However, in most areas the only existing nabkhas have totally been disappeared 
and the bedrock is exposed. 

 The depositional nabkhas which  fl ourished during early 1980s have been exten-
sively eroded. The present erosional phase of nabkhas started after the destruction 
of the vegetation cover. Where sand mounds that formed the nabkhas sediments 
have been de fl ated, and these have been replaced by granule residuals mostly in the 
form of granule ripples (Fig.  39.4c ). 

 Some of the more intact Haloxylon stands were encountered within the Ras Al 
Subbiya area. Also, the vegetation cover in the demilitarized zone along the north-
ern and northwestern border area between Kuwait and Iraq is relatively dense, where 
grazing and recreational pressures are considerably forbidden. In these areas well-
developed H. salicornicum nabkhas are  fl ourishing (Fig.  39.4d ). Brown and 
Porembski  (  1997  )  broadly recognized four distinct stages of deserti fi cation within 
the Haloxylon community. Stages 1 through 3 involve a gradual decrease of 
Haloxylon cover and loss of sand, while severe degradation occurred in the fourth 
stage. The latter was characterized by the near total loss of Haloxylon cover and 
severe reduction in vegetation productivity. The present observation contradicts the 

  Fig. 39.4    Rugged vegetated sand sheets in 1982 ( a ), eroded rugged vegetated sand sheets (2010), 
note remnants of eroded nabkhas with residues of dried up Haloxylon roots and stems ( b ), granule 
ripples (2010) ( c ), well-developed nabkhas at Ras Al Subbiya (2010) ( d )       
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conclusion of Wang et al.  (  2006  ) , who stated that nabkha formation is a good indicator 
of wind erosion and land degradation.  

    39.2.2   Soil Erosion 

 Two processes are responsible for soil erosion in Kuwait, namely, aeolian processes 
(wind erosion), which is the most predominant, and  fl uvial processes (water ero-
sion). Active aeolian processes in Kuwait are attributed to a combination of the 
nature and fragility of the desert ecosystem, prevalent climatic conditions, and the 
uncontrolled human activities. In particular, the following conditions are accelerat-
ing soil erosion: (a) the location of Kuwait downwind of the high de fl ation area 
of the Mesopotamian  fl ood plain (which forms a source for regional sand supply), 
(b) the higher proneness of both unconsolidated and consolidated deposits to wind 
and water erosion (this ultimately forms as the source for local sand supply), and (c) 
the near absence of effective biological soil stabilization (that is usually provided by 
deep-rooted shrubs and trees) (Khalaf and Al-Hashash  1983 ; Khalaf and Al-Ajmi 
 1993 ; Al-Awadhi and Misak  2000  ) . 

 The terrestrial environment of Kuwait especially its central part (about 60% of 
total area) is an open theater for extremely active aeolian processes, where signi fi cant 
active sand bodies (dunes and sand sheets) dominate. Application of a sand trans-
port model developed by Al-Awadhi and Al-Awadhi  (  2009  )  showed that the calcu-
lated average monthly rate of sand transport during summer is about 5,900 kg m −1  
toward the southeast. They recognized that the highest sand transport rate occurs 
within the Al Huwaimiliya sand dune corridor (Fig.  39.5 ).  

 Wind erosion (soil drifting) is very common in the areas of fragile sandy soils 
which cover more than 50% of the terrestrial environment of Kuwait. Recent  fi eld 
measurements indicate that the 2007/2008 dry season (less than 30 mm rainfall) 
resulted in severe soil losses through wind erosion. Over an extended period of time, 
winds removed 10–15 cm thick of top soils (around 1,000 m 3  ha −1 ) (Fig.  39.4c ). 

 In the early 1980s, the desert sediment approached equilibrium, that is, areas of 
deposition were nearly equal to erosional areas (Khalaf and Al-Ajmi  1993  ) . At pres-
ent, in 2010, the distribution pattern of the depositional and erosional landforms has 
been drastically changed. The sediment (deposition) budget has deviated from a 
balanced budget to a budget dominated by erosion. With the exception of sand 
dunes, most of the aeolian depositional landforms have been altered to erosional 
landforms; for example, the previously identi fi ed RVSS has been altered to granule 
lag or desert pavement. Relatively thick sand sheets that used to dominate the south-
ern part of the country have been transformed to thin smooth sand sheets covered 
with a thin veneer of granule lag. In the early 1980s, these thick sand sheets 
consisted of a well-developed sandy soil, particularly in areas where the dense 
community of perennial shrub Cyperus conglomeratus acted as a stabilizing agent 
and enhanced the depositional aeolian processes. 
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 The country is crossed from NW to SE by a de fl ational corridor (Al Huwaimiliya 
belt). It is bounded by elevated grounds and dissected transversely by elevated 
calcretic and gypcretic gravelly ridges. The low-lying areas between these ridges 
are desert plain mostly covered by pebbly lag. In the early 1980s, abundant small-
size barchan dunes (about 3 m high) were scattered within these low-lying areas. 
Field observation in February 2010 revealed the occurrence of two types of dunes, 
namely, (a) the    Al Huwaimiliya small barchan dunes that were recorded in 1984 and 
(b) large barchan dunes (about 10–12 m in height). The latter type was not observed 
in 1984 and has most probably developed since the end of the Gulf War in 1990. 
There exists a need to investigate the causes and mechanism of the development of 
these dunes. 

 Although rainfall in Kuwait is scarce, in some rainy seasons, intensive showers 
are experienced for short duration (usually in excess of 20 mm day −1 ). This may 
result in the occurrence of erosive surface runoff.    Misak et al. ( 2001 ) identi fi ed three 
degrees of water erosion in Kuwait based on the depth of gullies and rills, namely, 
strong, moderate, and slight. Strong water erosion creates gullies ranging in depth 
from 50 to 150 cm and rills of 20 to 50 m interspacing. Accelerated water runoff in 
Kuwait usually prevails in areas where natural drainages are degraded by grazing 
and other human activities.  

  Fig. 39.5    Spatial variation of sand transport rate (kg m −1 ) in Kuwait. Letters indicate zones of sand 
transport rate: ( A ) severe, ( B ) moderate, and ( C ) slight       
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    39.2.3   Vulnerability of Soil Classes to Degradation 

 In Kuwait, eight soil types were mapped by Kuwait Institute for Scienti fi c Research 
 (  1999  )  at great group level using the USDA soil taxonomy. These are Haplocalcids 
(8%), Petrocalcids (11%), Haplogypsids (0.5%), Calcigypsids (6%), Petrogypsids 
(33%), Aquisalids (7%), Torriorthents (1%), and Torripsamments (27%), in addition 
to a miscellaneous unit (7%). These soil types exhibit different vulnerability to 
degradation and drought conditions. 

 It is very dif fi cult to categorize soil types based on their vulnerability to degradation; 
however, three categories are tentatively identi fi ed. These are high, moderate, 
and low vulnerable. Torriorthents (1%) and Torripsamments (27%) have high 
vulnerability to degradation, while Aquisalids (7%) have medium vulnerability. 
The remaining have low vulnerability.  

    39.2.4   Abundance of Bedrock Exposures 

 A comparison between the present occurrence of exposed calcretic and gypcretic 
bedrock (October 2010) with that of the early 1980s revealed a signi fi cant increase in 
the locations of the exposed bedrock, particularly in the northwestern and southern 
areas. Such relative abundance of the exposed bedrocks may be attributed to the severe 
de fl ation/erosion of the loose surface sediments. The increase in the bedrock exposures 
indicates the erosion of the loss sediments/soil that previously covered the bedrock of 
these areas. Accurate assessment of the increase of bedrock exposures requires a 
detailed study for the temporal change detection using sequential satellite images. 

 The exposed bedrock occurs as almost  fl at to low humps of calcrete and gyp-
cretic calcrete in the western and southern parts of Kuwait. Most of these humps are 
oriented parallel to the prevailing wind direction, that is, NW-SE, with some having 
a yardang morphology.  

    39.2.5   Enhancement of Sand Encroachment 

 Most of the developed areas and defense facilities that are located within the main 
passage of the wind corridor (classi fi ed as high to very high encroachment zones) 
are subject to extensive and intensive sand encroachment. Al-Awadhi and Misak 
 (  2000  )  identi fi ed 13 mobile sand bodies in Kuwait (Fig.  39.6 ). These facilities 
include installations of oil  fi elds (pipelines, well heads, etc.), installations of ground-
water  fi elds, air bases, military encampments, animal production farms, roads and 
highways, electrical transmission stations, and water storage facilities. The total 
sand removed from such installations, including motorways, oil wells and gathering 
centers, air bases, and electric power stations, is estimated at about 4.39 × 10 6  m 3 . 
The estimated cost for removal of the wind deposited material is a staggering  fi gure 
of nearly Kuwaiti Dinar (KD) 1,680,000 year −1  (Al-Awadhi and Misak  2000  ) . Some 
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development sectors spend millions of KD for sand clearance, for example, “KD 6.2 
millions” for KOC in the period 2003–2008. Currently, Kuwait lacks a sustainable 
action plan (SAP) for managing the hazards of sand encroachment.  

 The 2007/2008 drought resulted in massive wind erosion, severe sand encroachment, 
and extensive soil loss even in protected areas. Also, occurrence of severe dust storms 
(for days and sometimes week) was recorded. During this period road accidents 
signi fi cantly increased on the main highways. 

 The recent  fi eld survey (January 2010) in the central part of the country (Al Qurain-Wafra) 
indicates that northern farms of Wafra agricultural area, Wafra-Ras Azour oil  fl ow 
lines, and a water storage facility are being severely encroached by shifting sands. 
These facilities are located at the extreme downwind side of the natural wind cor-
ridor (Al Huwaimiliya-Wafra). The source of shifting sands is the huge undulated 
sandy plain stretching from the upwind side of the attacked facilities. The thickness 
of accumulated sand ranges between 50 and 120 cm.  

    39.2.6   Disruption of Surface Hydrological Conditions 

 Recent  fi eld observations (2009/2010) indicate that a number of land uses have 
negative impact on recharge conditions of vital shallow groundwater reservoirs. The 
natural  fl ow of runoff water of several catchment areas is disrupted by bund walls, 
roads, and highways. Blocking of runoff water during  fl oods is the most common 

  Fig. 39.6    Mobile sand bodies in Kuwait       
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mechanism of hydrological disruption in several parts in Kuwait, specially its north-
ern and western fringes. 

 In the 2009/2010 wet season, huge amounts of runoff water were blocked against 
bund walls (berms) which act as dykes (1.5–2 m in height, 2–3 m in width, and tens of 
km in length). A good example is the disruption of the drainage system within 
Rawdatain-Umm El Eish catchment, where at least 40% of runoff water does not reach 
to Ar-Rawdatain-Umm El Eish depressions (discharging areas). Also, a bund wall run-
ning for about 75 km and at about 2 km to the south of the Kuwait northern border with 
Iraq currently blocks a network of drainage systems and disrupts the runoff drain to the 
nearby depressions in southern Iraq. Since most of the drainage systems in Kuwait 
(particularly at the north) are running in an east to west direction, most of the roads and 
highways that are trending in a north-south direction (Al Mutla-Safwan and Ras Al 
Subbiya-Abdali highways) are also blocking normal surface runoff. 

 Bund walls and roads crossing drainage systems act as dams and accumulate 
surface runoff during rainy seasons at their upstream side. Field observation after the 
last rainfall (in November 2009–January 2010) revealed the occurrence of several 
extensive water ponds within shallow depressions at the upstream side of bund walls 
and highways at many localities in the northern and southern parts of the country. 
Some of these ponds extend for about 1 km 2  and the quantity of accumulated runoff 
water was estimated at 200,000 m 3 . Assuming that such ponds deposit about 5 cm 
thick of outwashed material, this may result in the deposition of about 50,000 m 3  of 
 fi ne-grained sediments. The deposited mud dries up and desiccated cracks developed. 

 Blocking of runoff at the upstream of the drainage systems by the bund walls and 
roads and highways is responsible for hydrological drought at their downstream. 
This may result in signi fi cant drop of soil moisture and consequently de fl ation of 
wadi  fi ll at downstream of the bund wall is accelerated. In addition, off-road traf fi c 
and grazing along the dry cracked mud  fl ats result in their fragmentation and disag-
gregation and present a local source of dust storms during active winds.   

    39.3   Causes of Land Degradation 

 Although anthropogenic and military activities are the main causes of land degrada-
tion, aeolian processes, nature of surface sediments (soil type), and climatic condi-
tions have played a signi fi cant role. 

    39.3.1   Anthropogenic Activities 

 A leading cause of land degradation is the in fl uence of the human population, which 
has led to land misuse and overexploitation of desert resources. Increase in popula-
tion growth rate (3.8%) and welfare and the socioeconomic transformation in 
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general have led to a signi fi cant pressure on the available natural resources, leading 
to land degradation. Anthropogenic activities include excessive grazing (Omar et al. 
 1999  ) , off-road vehicle traf fi c (Al-Dousari et al.  2000 ; Al-Awadhi  2001  ) , spring 
camping (Al-Sudairawi and Misak  1999  ) , and overexploitation of sand and gravel 
(Al-Awadhi  2001  )  (Table  39.1 ).  

    39.3.1.1   Overgrazing 

 Several studies reported that overgrazing in arid regions could change plant com-
munity composition and reduce biodiversity (Shaltout et al.  1996 ; Li and Jiang 
 1997 ; Friedel et al.  2003 ; El-Keblawy  2003 ; Li et al.  2005 ; Tefera et al.  2007 ; 
El-Keblawy et al.  2009  ) . Camel grazing affects over 90% of land on the Arabian 
Peninsula, of which 44% is severely or very severely degraded (Ferguson et al. 
 1998  ) . Excessive grazing by camels is recognized as the single greatest threat to the 
inland desert ecology of the Gulf states (Hellyer et al.  2001 ; Gallacher and Hill 
 2006  ) ; Ghazanfar  (  2004  )  suggested that overgrazing has increased the proportion of 
unpalatable shrubs and dwarf shrubs. Brown and Porembski  (  1998  )  suggested that 
the current dwarf shrub ecology in northern Kuwait probably arose through tens or 
hundreds of years of excessive grazing. In Saudi Arabia and Kuwait, livestock 
enclosures were reported to show a rapid recovery in plant biomass (Zaman  1997 ; 
Barth  1999  ) , and similar observations have been made in the United Arab Emirates 
(Khan  1980,   1981 ; Oatham et al.  1995  ) . A  fi eld survey in January 2010 revealed that 
camel and sheep grazing was observed over the entire desert of Kuwait.  

   Table 39.1    Summary of the impacts of human activities on land degradation   

 Activity  Immediate impact  Long-term impact 

 Excessive grazing  Depletion of biomass, forage loss, 
soil trampling, and sediment disturbance 

 Increase in dust and sand 
storms and in drifting 
sands, increase in rate 
of water erosion as a 
result of disappearance 
of the vegetation cover 

 Off-road vehicles 
and camping 

 Soil compaction, decrease 
in permeability, and destruction 
of vegetation cover 

 Increase in rate of wind and 
water erosion, develop-
ment of sand drifts and 
active sand sheets, loss 
of soil fertility 

 Gravel quarrying  Breaking of the armor layer of 
pebbles and gravel, exposing 
 fi ner sediments to wind erosion, 
disruption and rupture of surface 
and near-surface sediments, destruction 
of vegetation cover 

 Increase in dust and sand 
in downwind areas, 
disturbance of pattern 
of surface runoff, 
and loss of running water 
in pits and quarries 
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    39.3.1.2   Off-Road Vehicles Traf fi c 

 Off-road driving has long been recognized as a major detrimental factor, causing 
widespread damage to the vegetation and producing tracks on the soil surface (Adams 
et al.  1982 ; Brown and Schoknecht  2001  ) . A number of studies have attempted to 
quantify the damage caused by off-road vehicles, particularly in the Mojave Desert in 
eastern California and southern Nevada (Wilshire and Nakata  1976 ; Webb  1982 ; 
Watts  1998  ) . Apart from the obvious damage to shrubs, vegetation is also affected due 
to soil compaction in tracks (Adams et al.  1982 ; Wilhelm and Mielke  1988 ; Bainbridge 
and Virginia  1990 ; Rundel and Gibson  1996 ; Lovich and Bainbridge  1999  ) . 

 In Kuwait, there has been a dramatic increase in off-road driving activity during 
the past decades. Vehicle tracks on the desert surface, often devoid of vegetation, are 
a common sight throughout many parts of the country. Off-road vehicle traf fi c is 
also responsible for soil compaction. At least 65% of Kuwait soils are affected by 
some degrees of compaction, which in turn inhibits the in fi ltration capacity of soils 
by 40–100% (Al-Awadhi et al.  2005b  ) . Al-Dousari et al.  (  2000  )  reported that about 
9% of the western area of Kuwait is assessed as highly compacted. The combined 
effect of the off-road vehicles traf fi c and the trampling caused by large herds of 
livestock may be responsible for the severe deterioration of the desert vegetation 
(Brown and Porembski  1997,   1998  ) .  

    39.3.1.3   Camping and Livestock Enclosures 

 One of the social traditions in Kuwait is camping in desert areas for about 2 weeks 
during spring time. In the early 1960s, camping activities were relatively limited 
and restricted to few locations. Also, livestock enclosures (mostly for sheep) were 
few and mostly scattered in the northern areas. During a survey conducted in the 
winter of 2010, it was observed that all desert areas are now crowded by camps, 
mostly permanent, and are in very close proximity. Also, animal enclosures for 
camels and sheep are now counted by hundreds. Within these locations, vegetation 
cover has totally been destroyed and the soils have been severely compacted.  

    39.3.1.4   Quarrying 

 Gravel and gatch pits are extensively scattered over the desert of Kuwait. The exten-
sive urban development over the past  fi ve decades created a great demand for gravel 
aggregate for housing projects and road construction. Gravel deposits are located 
within Al Dibdibba alluvial sheet in northern Kuwait, particularly within Al-Layiah 
and Kraa Al Marw ridges. Gravel quarrying started in early 1960s and continued till 
the 1980s. During this period extensive quarrying operations took place without any 
planning or regulation. This resulted in the occurrence of abundant open gravel 
pits that have drastically changed the natural landforms and eliminated the native 
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vegetation cover over vast areas. Most of these gravel pits are located within the 
active wind corridor and, therefore, have signi fi cantly contributed to the abundance 
of drifting sands. 

 In addition, the overexploitation of the near-surface solidi fi ed calcareous and 
gypsiferous sands (gatch) for road construction and as  fi ll material has resulted in 
the occurrence of hundreds of large pits over the desert of Kuwait. This is respon-
sible for destruction of the vegetation cover, changes in the micro-topography of the 
desert areas, disrupting the surface water runoff system, and an increase of dust and 
shifting sand in downwind areas.   

    39.3.2   Military Activity 

    39.3.2.1   The Gulf War 

 The Iraqi invasion of Kuwait on 2 August 1990 and the resulting Gulf War activities 
have left many scars on the fragile but balanced desert ecosystem of Kuwait (Holden 
 1991 ; Karrar et al.  1991 ; Al-Ajmi et al.  1994  ) . The direct effect of these activities 
has been the mechanical removal of the native plants and extensive and severe 
disturbance of the soil (surface cover). The heavy bombing and trench digging during 
the war made the Kuwaiti desert even more vulnerable to intense and frequent sand-
storms. In addition, maneuvers and off-road vehicle use caused severe compaction 
or loss of topsoil. The most severe aspect of Kuwait’s environmental crisis was the 
burning of 727 oil wells and the gushing wells which made rivers of crude oil that 
ran into the low lands forming oil pools and lakes (Al-Besharah  1992  ) . The pres-
ence of SO 

2
  in such a massive quantity at the time of the oil burning is thought to 

have led to the formation of acid rain which would have a damaging effect on 
vegetation entering the food chain (Al-Hassan  1992 ; Al-Houty et al.  1993  ) . 

 It was estimated by El-Baz  (  1992  )  that about 30.6% of the land area of Kuwait 
was adversely affected by the Gulf War.  

    39.3.2.2   Postliberation Activities 

 After liberation, the  fi rst activity to be initiated was the removal of mines and 
ordinance from the Kuwaiti desert. This, in addition to the digging of numerous 
deep ditches for the detonation of collected ordinance, has resulted in the physical 
scraping of the topsoil and the associated biomass over much of Kuwait. This alter-
nation has many detrimental effects, let alone the unknown impacts of the detona-
tion process itself. Such operations have resulted in an extensive and severe rupture 
of the surface and near-surface sediments. 

 After the liberation of Kuwait, the following defense measures were implemented:
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    (a)    The construction of a trench with a depth and width of 5 m along the entire 
northern and northwestern borders of Kuwait  

    (b)    Installation of a chain link fence along the northern and northwestern borders to 
delineate a buffer zone of about 5 km wide     

 The trench acted as a backstop, trapping all migrating sands from southern Iraq. 
The buffer zone is considered as a protected area and, therefore, encourages the 
growth and  fl ourishing of desert shrubs which also acted as a windbreak trapping 
migrating sands from the northern and northwestern directions. These measures 
have halted the sand supply from outside Kuwait, from southern Iraq. This is 
responsible from the enhancement of wind action on the loose surface sediments in 
Kuwait. 

 Several bund walls that extend for tens of kilometers; have been constructed 
mostly in an east-west direction. In addition, most of the military sites are fenced by 
similar bund walls. These are playing a signi fi cant role in the pattern and mode of 
both aeolian and  fl uvial sediment transport. They disrupt the continuity of sediment 
migration due to their interference with the near-surface aerodynamic regime. They 
act as windbreaks, accelerating soil erosion on the upwind side. Detailed study is 
recommended for thorough assessment of the impacts of these bund walls on soil 
stability, particularly in the northern areas of Kuwait.   

    39.3.3   Climatological Factors 

 Climatological factors in fl uence the land degradation processes through the follow-
ing phenomena:

    1.    The scarcity and irregularity of rainfall. During the period from 1957 to 
1998, total seasonal rainfall  fl uctuated between 23.1 mm (1963–1964) and 
260.2 mm (1975–1976) compared with the average seasonal rainfall of 
around 115 mm.  

    2.    The prevalence of drought periods (years with a remarkably low rainfall com-
pared with the average). In 1962, for example, there was 27.2 mm of rain, in 
1964 some 19.9 mm, in 1973 a total of 34.8 mm, and in 1987–1989 between 67.5 
and 71 mm. During these drought periods, the vegetation cover deteriorated 
and the soil temperature increased. Consequently, desiccation processes cause 
shrinkage and cracking and the problem of sand encroachment.  

    3.    The occurrence of intensive rainfall (65–105 mm in a single storm) and the 
consequent accumulation of very large amounts of dominantly sand and silt 
outwash material (Al-Sudairawi et al.  1999  )  have subsequently contributed to 
the sand supply.  

    4.    The prevalence of strong northwesterly winds (maximum 30 m s −1 ) during the 
dry season (May–September). This phenomenon encourages sand transport and 
soil erosion (Al-Awadhi and Misak  2000  ) .       
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    39.4   Conclusions and Recommendations 

 The present review and recent  fi eld surveys revealed that the biotic and abiotic com-
ponents of the desert ecosystem of Kuwait have witnessed progressive severe and exten-
sive degradation. This is manifested by the drastic deterioration of the vegetation 
cover, severe erosion and compaction of the soil, signi fi cant changes in micro-topography 
and imbalance in the surface sediment budget, and disturbance of the surface water 
runoff system which accelerate hydrological drought. The causes and driving forces for 
land degradation include uncontrolled irrational anthropogenic activities, aggressive 
military operations, and climatologic events. It is believed that both anthropogenic activ-
ities and military operations are the main causes of land degradation. 

 Mitigation of the adverse impacts of the aforementioned activities, rehabilitation 
of the degraded components of the desert ecosystem, and preservation of Kuwait’s 
natural desert heritage require the implementation of a national action plan. The 
following are recommended measures: 

 Assessment of the present practice of grazing within a socioeconomic framework. 
The results of such an assessment should be used for the design of appropriate rules 
and regulations to maintain optimum soil conditions and allow maximum sustainable 
grazing capacity in Kuwait. The number of animals to be allowed for grazing should 
consider the present carrying capacity of Kuwait desert ecosystem. 

 Rational control of entertainment camping practices and off-road vehicles traf fi c. 
Suggested control measures should be based on assessment of the present situation 
and the carrying capacity of Kuwait desert ecosystem. 

 Reconditioning of the natural topography through  fi lling quarries and pits and 
even removal of unnecessary bund walls and any man-made obstructions in order to 
reestablish the original aerodynamic conditions and therefore maintenance of the 
natural sand migration conditions while avoiding the imbalance in the surface 
sediment budget. 

 Reestablish the natural shrub vegetation through regeneration, restoration, and 
establishment of enclosures in selected areas for a certain period of time. However, 
it should be noted that recovery of the vegetation is presumably dependent on the 
extent of degradation when remediating measures are invoked, as well as climatic 
factors. In this regard use should be made of previous relevant studies including 
Charley and West  (  1975  ) , Thalen  (  1979  ) , Krueger  (  1990  ) , Omar et al.  (  1990  ) , Vetaas 
 (  1992  ) , Le Houérou  (  1995,   1996  ) , Tongway and Ludwig  (  1996  ) , Ludwig and 
Tongway  (  1996  ) , Zaman  (  1997  ) , Brown and Porembski  (  1997,   1998  ) , Shachak 
et al.  (  1998  ) , and Brown and Al-Mazrooei  (  2001,   2003  ) . 

 Sand encroachment problems resulted from the erection of development projects 
in the pathway of migrating sands; therefore, planning for these projects should con-
sider the nature of aeolian sediment transport regime. Avoid as much as possible the 
stopping of creeping sands, with the use of passive control measures. If active control 
measures are required, it should be preceded by a thorough impact assessment. 

 Emphasis should be placed on policies, regulations and legislation, as well as 
national public education and awareness programs.      
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