
Hot
Deserts

Physical characteristics of Hot Deserts

• Receives <250mm of rainfall per year
(can be hot or cold)

• Mostly found in dry continental interiors 
away from coasts approx 30oN & 30oS 
of the equator

• Tropic of cancer and Capricorn passes 
through most hot desert region

• West of continents
• Examples include: Sahara, Namib, Great 

Sandy, Thar, Atacama etc
• Largest is Sahara Desert, measuring 9m 

square kms, towering sand dunes can 
reach 150m. Despite extreme climate 
Sahara is home to 2m people

• On the borders of hot deserts are the 
semi-arid areas called drylands or desert 
fringe areas. The Sahel is a long strip of 
semi-arid drylands that borders the 
south of Sahara

Interdependence of climate, soils, plants, animals and people
• At equator air rises and condenses, at hot deserts 30oN and 30oS of the equator 

air is descending in a high-pressure belt area, giving the lack of cloud and rain 
and the very high daytime temps

• Lack of cloud cover, temperatures can plummet to below freezing at night
• Very low rainfall, several months completely dry
• Desert soils tend to be sandy or stony with little organic matter (lack of veg). 

They are dry but can soak up water rapidly after rainfall
• Evaporation draws salts to the surface, often leaving a white powder
• Water comes from aquifers or rivers (Nile) 
• Many people living in deserts grow few crops where there are natural springs or 

wells on desert fringes
• Indigenous people are often nomadic – they travel all the time in search of food 

and water for their herds (goats and sheep)
• Plants gain nutrients from soils and provide nutrients and water to animals that 

eat the plants, animals spread seeds through dung, helping plants to reproduce
• Soil-forming processes are limited by the shortage of water and veg. Over time, 

weathering creates deep deposits of sand and loose material. These sandy, rocky 
soils are typically around 1m deep.

• Wind action builds tall dunes (not soils) as there is no organic matter present
• Some desert soils are potentially very fertile because nutrients for plant growth 

such as calcium have not been leached away. Once irrigated the land can become 
highly productive. Large desert regions of oil rich Saudi Arabia and the southern 
states of USA have benefited from irrigation

• Sparse veg limits the amount of food available, supports low density populations
• Water supplies in deserts can be scarce, rainfall drains away quickly, animals and 

people have to move to new places or dig deep wells
• Irrigation uses unsustainable amounts of water from wells lowering water table, 

reducing the amount available to other plants
• Changes to components of the ecosystem, e.g. cattle overgrazing veg can have 

knock-on effects on the whole ecosystem (soil erosion). Without plant roots to 
stabilise the soil, wind can blow fine sand/soil particles away. Soil erosion can lead 
to clouds of dust, which can change the climate of deserts, reducing rain

Plant Adaptations
• Cactus plants tend to have very think leaves or spines 

to reduce water loss and some have very long roots to 
reach deep underground water, large fleshy stems 
for storing water and thick waxy skin to reduce 
water loss. Some have sharp spines and toxins to 
stop animals steeling water from their stems

• Vegetation is low growing and sparse
• Some plants have horizontal root systems just below 

the surface
• Seeds can stay dormant for years, but can 

germinate quickly when it rains
• Some plants store water in their roots, stems, 

leaves or fruit (these are called succulents)
• Small leaves, spines, glossy and waxy leaves all help 

reduce water loss (low surface area)
• Some plants have long taproots (7-10 metres deep) 

to reach groundwater
• Plants are spread out very wide near the surface to 

catch as much water as possible when it rains

Animal Adaptations
• Many rodents are nocturnal, surviving the extremely high daytime 

temperatures by living in burrows underground and only venturing 
out during the cooler nights

• Snakes and lizards retain water with waterproof skin and 
producing only tiny amounts of urine, able to tolerate high body 
temperatures e.g. iguanas can survive temps up to 42oC

• Camels – the ‘ships of the desert’ are well adapted to cope with 
many days without water – store large amounts of fat which can 
break down into water when needed, keep out sand from eyes and 
nose during storms by having triple eyelids, long eyelashes and 
being able to close their nostrils. They have large, flat feet so 
that they don’t sink into the sand

• Kangeroo rats do not need to drink water; they get it from 
food, they live in burrows during the day to avoid extreme heat; 
they do not perspire and have highly efficient kidneys that 
produce very little urine

• Desert foxes (Fennec) thick fur on the soles of their feet, 
protecting them from the hot ground. The light-coloured fur on 
their bodies reflects sunlight and keeps them cool, large ears and 
long limbs providing large surface area to lose heat 

• Cactus mice get their water from what they eat

Biodiversity
• Desert biodiversity is lower than other global ecosystems – higher in 

regions with plentiful rainfall
• Environmental challenges include:

• Dry conditions – plants that exist in dry regions are known as 
xerophytes. They use a range of adaptations to survive e.g. 
thick, waxy cuticles and shedding of leaves reduce transpiration 
to minimise water loss

• High temps – some plants have the bulk of biomass below the 
ground surface where temps are cooler

• Short periods of rainfall – deserts bloom suddenly after 
rainfall so to complete their life cycle quickly.

• Small number of plants that survive by adaptation
• Small areas around ephemeral (temporary) ponds or rivers or along the 

desert margins have the highest levels of biodiversity and contain a high 
proportion of species that are endemic to the desert

• Areas with water have highest density of human populations. Human 
development threatens biodiversity by increasing desertification by over 
using or contaminating water supplies

• Development around the desert margins also means that habitats are 
being divided up by roads, this is threatening animals that migrate over 
large distances to find food and water

• Global warming is generally making hot deserts hotter and drier, forcing 
some species e.g. lizards to move to cooler areas to cope with the rising 
temps. However, species that are already at the limits of their 
environments don’t have anywhere else to go, so at risk of decline or 
extinction

• Low biodiversity and pressure from development and climate change 
mean that desert contain many biodiversity hotspots (high proportion of 
endemic species that are threatened with extinction
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Opportunities in the Thar Desert Challenges in the Thar Desert

Mineral extraction – used all over India and the world, include:
• Gypsum (makes plaster and cement)
• Feldspar (makes ceramics)
• Phospherite (makes fertilisers)
• Kaolin (whitener in paper)

Valuable reserves of stone in the region. At Jaisalmer the 
Sanu limestone is the main source for India’s steel industry.  
Reserves of marble are quarried near Jodhpur, used in 
construction

Tourism – beautiful landscape, become a popular tourist 
destination. 10s of 1000s visit the desert each year, many 
from neighbouring Pakistan. Desert safaris on camels, based at 
Jaisalmer & annual Desert Festival each winter is a popular 
attraction. Locals benefit - provide food and accommodation 
and as guides or rearing and looking after camels

Subsistence farming – survive in hot and dry conditions by 
grazing animals on the grassy areas and cultivating veg and 
fruit

Commercial farming has grown because of irrigation. 
Construction of Indira Ghandi Canal in 1985 has revolutionised 
farming and crops such as wheat and cotton. Other crops 
grown under irrigation includes pulses, sesame, maize and 
mustard

Energy – rich in energy sources:
• Coal – extensive coal deposits in parts of the Thar desert 

and a thermal energy plant has been constructed at Giral
• Oil – a large oil field has been discovered in the Barmer

district which could transform the local economy
• Wind – The Jaisalmer Wind Park was constructed in 2001. 

This is India’s largest wind form
• Solar – with its sunny, cloudless skies, offers ideal 

conditions. At Bhaleri solar power is used in water 
treatment

Extreme temps – sometimes exceeds 50oC in the summer, 
presents challenges:
• Working outside in the heat can be hard, especially for 

farmers
• High rates of evaporation lead to water shortages 

which affect people as well as plants and animals
• Plants and animals have to adapt to survive

Inaccessibility – extreme weather and the presence of 
vast barren areas there is limited road network, high 
temps can cause the tarmac to melt ad the strong winds 
often blow sand over the roads. Many places are accessible 
only by camel.

Water supply – population has grown and farming and 
industry have developed, demand increased, water in this 
region is a scarce resource. High evaporation (high temps 
and strong winds). Several sources:
• Drinking water stored in ponds, some of which are 

natural (tobas) and others are man-made (johads)
• Few rivers and streams e.g. River Luni which feeds a 

marshy area called the Rann, these are intermittent 
and flow only after rainfall, most settlements are found 
along rivers

• Some water can be obtained from underground sources 
(aquifers) using wells, water is salty and not good 
quality

Indira Gandhi Canal – main form of irrigation in the 
desert, source of freshwater has transformed an 
extensive area of the desert and has revolutionised 
farming:
• Canal provides drinking water to many people
• Constructed in 1958 the canal is 650km long
• Commercial farming, growing crops (wheat / cotton)
• 2 main areas benefit cities of jodhpur and Jaisalmer 

>3500km2 of land is under irrigation

Causes of Desertification
• Climate change – rainfall is expected 

to reduce in dry areas. Less rain means 
that less water for plant growth, so 
plants die. Plants roots hold the soil 
together, if plants die soil is easily 
eroded.

• Climate change – temps are expected 
to increase, higher temps means higher 
evaporation, this makes the soil drier 
and means that plants die

• Removal of fuel wood – many people in 
arid areas rely on wood for fuel for 
cooking. Removal of trees leaves the 
soil exposed

• Overgrazing – too many cattle or sheep 
eat the plants faster than they can re-
grow. This leads to more soil erosion. 
Trampling by animals also erodes the 
soil

• Over-cultivation – if crops are planted 
in the same areas continually, all 
nutrients in the soil get used up. This 
means plants can no longer by grown in 
those soils

• Population growth – puts pressure on 
the land leading to more deforestation 
(firewood), more overgrazing and more 
over-cultivation

Water management:
• Commercial farming involves irrigation .Too much irrigation can 

lead to salinization (rapid evaporation leaves layer of salt on 
surface, which affects soil fertility, evaporation draws water to 
the surface. The high salinity of water can kill plants)

• In Australia – local farmers are encouraged to:
o Ponding banks: areas of land enclosed by low walls store water
o Contour traps: embankments built along the contours of 

slopes to prevent soil from being washed down
• National Parks – created to protect land at risk of 

desertification e.g. Zion, USA
• Growing crops that don’t need much water (millet, sorghum or 

olives) can reduce water use.
• Drip irrigation n crops instead of surface irrigation, soil isn’t 

eroded by lots of water added all in 1 go.

Soil management:
• Badia, Jordan – Tal Rimah Rangeland Rehabilitation 

Project aims to reverse the desertification caused by 
overgrazing in 1990s by:
o Local people have built low stone walls to stop water 

running down slopes after heavy rainfall
o Irrigation for newly planted Atriplex shrubs that 

are adapted to semi-desert environments
o Atriplex hold the soil together and provide grazing 

for sheep and goats
o As soil conditions improve, plants start to grow, 

attracting birds and butterflies to the area
• Leaving areas of land to rest in between grazing or 

planting lets them recover their nutrients. Rotating 
crops that use different nutrients. Compost can be used 
to add extra nutrients to the soil.

Thar Desert
Thar desert stretches across north-west 
India and into Pakistan, covers an area of 
200,000km2 mostly in Rajasthan. The 
most densely populated desert in the 
world. Soils are sandy and not very 
fertile, little organic matter to enrich 
them, they drain very quickly, there is 
little surface water, extensive mobile 
sand dunes and clumps of thorn forest 
veg (a mixture of small trees, shrubs and 
grasses). Rainfall is low between 100-
240mm per year and summer temps in 
July can reach 53oC

Desertification
Desertification occurs when the land 
gradually turns into a desert. 1/3 of the 
world’s land surface is at risk. Soil erosion 
exposes soil so it is easily removed by wind 
and water. Nutrients in the soil are lost, 
making soil unproductive.

Desertification in Badia, Jordan – dry 
rocky desert, average rainfall is <150mm 
and summer temps exceed 40oC. The lack 
of water in this region is a major problem 
affecting people. Much of the land is 
grazed by the nomadic Bedouin who herd 
sheep, goats and camels on the rough 
shrubby grasslands. An influx of sheep 
from Iraq after 1991 Gulf War led to 
overgrazing and desertification. 
Desertification made the land 
unproductive and people moved away from 
the area. Without veg soil erosion became 
a problem too

Planting trees:
• Tree roots bind the soil together and the leaves and branches 

provide shade, grazing for animals and fuelwood
• Most important tree in Thar Desert is Prosopis cineraria – well 

adapted to hostile desert conditions as:
• Plenty of foliage and seed pods for animals to eat
• Good quality firewood
• Strong wood for building material
• Shade and moist growing conditions for plants
• Roots to stabilise sand dunes

• Trees act as windbreaks and stabilise sand. Growing trees in 
amongst crops protects the crops by providing shade, reducing 
temps and evaporation rates

• When leaf litter decomposes, it adds nutrients to the soil
• African Union proposed the ‘Green Wall’ to plant a wall of trees 

across the entire Sahel, (Atlantic to the Indian Ocean), will take 
decades to mature but secures the enviro, provides work for 
poor people and political co-operation, reducing conflict

Appropriate technology:
• Many people living on edges of deserts are poor. Technology involves using 

methods and materials that are appropriate to the level of development. 
They may not have access to expensive machinery. Sustainable approaches 
have to be practical

• ‘Magic Stones’ in Burkina Faso, West Africa – lines of stones have been used 
to reduce soil erosion, using basic tools and trucks to transport the stones, 
local people have built low stone walls (0.5-1.5m high) along the contours of 
slops. Rain washes down the hillside, the walls trap water and soil, this has 
helped to increase crops by up to 50% and reduce desertification

• Sand fences (barrier to trap windblown sand) or terraces can be 
constructed to stabilise the soil and reduce erosion

• Rates of deforestation can be reduced by using solar cookers – cheap and 
easy to make and don’t require fuel wood to work
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