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Figure 9. Number of days over 37.8° C
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Figure 10. Projected change in spring precipitation (2080-2099) for the western United
States
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In the Western region, from the southern Rocky Mountains to the Pacific Coast, the largest use of water is
associated with agriculture, including some of the nation’s most important crop producing areas in
California. Water supplies are already becoming limited in some areas, and future water shortages are
likely. Pumping is lowering groundwater tables, while rising temperatures reduce river flows in vital rivers
including the Colorado River. Water supplies will be tightened by substantial reductions in rain and snowfall
in spring, when precipitation is most needed to fill reservoirs to meet summer demand (see figure 10).
Climate change in the West is likely to bring more droughts as well as an increased risk of flooding (Karl et
al., 2009).

Finally, in the southeast, the climate is uniquely warm and wet, with mild winters and high humidity,
compared with the rest of the continental United States. Climate models project continued warming in all
seasons across the southeast. The number of very hot days is projected to rise at a greater rate than
average temperatures. Average temperatures are projected to rise by about 2.5° C to 5° C by the 2080s
(Karl et al., 2009).

4.4. Pakistan

4.41. Production

Pakistan ranked fourth in world cotton production and third in world cotton consumption in 2009-2010 with
a 10% share of each. Punjab and Sindh are the main cotton producing provinces, with 79% and 20% of
total respectively in 2008—2009. The cotton belt extends over about 1,200 km along the Indus River and its
tributaries, between latitudes 23°N and 33°N, at altitudes from 153 metres in the North to 27 metres in the
South. Soils vary from sandy loam to clay loam with clay dominant towards the South (Gillham et al.,
1995).

Temperatures in May and June are as high as 40° C to 45° C, often reaching 50° C on individual days.
Winter temperatures often fall below freezing in the Punjab and upper Sindh but the lower Sindh is frost
free. There are two distinct cropping seasons for summer (Kharif) crops, from April to October, and winter
(Rabi) crops, from October to April/May. Some short-season crops are sandwiched between these main
cropping seasons. The main crops are wheat, cotton, rice and sugarcane (Gillham et al., 1995).

Due to very limited rainfall (150-750 mm according to zone), agriculture in the Indus Valley depends
entirely on irrigation. Cotton takes the third biggest share of freshwater in Pakistan (WWF, 2005). Water is
supplied on a weekly basis. Supply is regulated through a series of dams that store water until it is needed
during relatively dry periods. Supply cannot be varied according to crop water requirements (Gillham et al.,
1995).

The average cotton fibre yield per hectare is higher in the Southern Sindh province (850 kg/ha) than in
Punjab (692 kg/ha); however, both are low for irrigated cotton in general. Raza (2009) suggests that this is
due to the very high average maximum and minimum temperatures in Pakistan as compared to other
countries growing cotton in a hot climate (see figure 11). Boll weight in Pakistan (2—-3 grams per boll) is
less than half that in the United States, Egypt and Australia (each 56 grams per boll), and half that in
Turkey (4-5 grams per boll).

Figure 11. Average maximum and minimum temperatures for four countries and locations
growing cotton in a hot climate
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Source: Raza (2009). Cotton production in Pakistan: A grower’s view.
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4.4.2. Impact of climate change

The impacts of climate change on the Himalayan glaciers will be of particular importance to the Indus River
basin. The Indus River depends heavily on meltwater because there is hardly any rainfall downstream
(Van Raaij, 2010). If net irrigation water availability in the Indus valley decreases, farmers are likely to
switch 1tg crops that demand less water than cotton, such as coarse grains, fruits and vegetables (Pakistan,
2003).

Maximum temperatures in summer exceed 40° C in the central and southern parts of Pakistan. A future
increase in temperature coupled with a decrease in rainfall would have a negative impact on the production
of major crops. Irrigation water requirements for crops vary by climatic zone. The increase in temperature
coupled with changes in rainfall will increase net irrigation water requirements, particularly in the three
main production systems: rice-wheat, maize-wheat and cotton-wheat. Furthermore, the increased use of
poor quality groundwater would induce secondary salinization (Pakistan, 2003).

A study of the potential vulnerability of crops to heat stress under a climate change scenario of a rise in
temperature of 0.3° C per decade shows that all crops suffer heat stress, but crops like wheat, cotton,
mango and sugarcane are more severely affected, while the prevailing maximum temperature is more than
10° C higher than the optimal range. Any fractional rise in temperature would therefore have serious
adverse effects on growth, maturity and productivity. Irrigation water requirements would increase to
compensate heat stress, with the cooling of crops becoming an essential element of the crop production
system.

4.5. Uzbekistan

4.5.1. Production

Central Asia is the fifth largest producer of cotton worldwide (6% of world total) and the second cotton
exporter after the United States (17% of world total). Most Central Asian cotton originates from Uzbekistan.
Of Uzbekistan’s 45 million ha, about 60% is used for agricultural purposes, and of that 4.3 million ha, or
12%, is irrigated. Although the irrigated area is a small part of overall land use, irrigation accounts for
almost 80% of all water use in the country. Irrigation accounts for the vast majority of all cotton, as well as
wheat, production.

Water for irrigation largely emanates from the prime tributaries to the Aral Sea, the Amu Darya and Syr
Darya rivers. Water is first stored and then released at suitable times in the cropping season, particularly in
summer (Abdullaev et al., 2007). Uzbek cotton has a poor environmental record as it has been associated
with the dramatic decline of the Aral Sea observed over the last few decades, following agricultural
expansion and poor soil and water management.

4.5.2. Impact of climate change

A 2008 United Nations Framework Convention on Climate Change (UNFCCC) report argues that climate
change will lead to warming above the global mean in Central Asia. Precipitation is expected to increase all
over Asia; however, Central Asia will experience a decrease in precipitation during summer. Crop yields
are predicted to fall by up to 30%, creating a very high risk of food insecurity.

Retreating Himalayan and Tibetan Plateau glaciers will decrease freshwater availability for irrigation
(UNFCCC, 2008). However, in itself there is enough water in the Aral Sea’s tributaries to keep the current
irrigation systems functioning indefinitely. Lack of water has at times been an issue for production in the
past, but this was principally due to the upstream creation of artificial lakes, not to an overall lack of water
availability. Water availability in Uzbekistan is dependent on upstream water management in neighbouring
countries (Abdullaev et al., 2007).

3 Pakistan has experienced a rise in the water table in the cotton growing areas over the last 30 years. Since 1975, cropping area

of high water demand crops, like rice, cotton and sugarcane increased, whereas areas for low water demand crops decreased
(Pakistan, 2003).
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The large-scale production of irrigated cotton has led to severe exhaustion and salinization of soils. Land
with low natural fertility has been exhausted by monocropping. In 2005, 51% of total irrigated land area
was saline,™ of which 4% strongly saline, 17% moderately saline and 30% slightly saline. Land area with
moderate and strong salinization increased by 14% between 1995 and 2005. Climate change will enhance
the process of salinization through an increased use of groundwater in the upper soil layers, resulting in
secondary salinization and crop yield reduction. Research indicates that cotton yields decline by 20%—-30%
even in slightly saline conditions, maize by 40%—50%, and wheat by 50%—60% (Uzbekistan, 2008).

Climate change is not expected to significantly impact agricultural productivity in Uzbekistan in the next two
decades. Changes in temperature and moisture supply will, however, become major productivity factors by
2050-2080. Impact assessment indicates a loss in cotton crops of 4% by 2030 and 10% by 2050. The
main future crop losses will be determined by water security for irrigated farming. By 2050, cotton crop
losses could achieve 11%—13% in the Syr Darya river basin and 13%—-23% in the Amu Darya river basin
due to increased evaporation and reduced flow (Uzbekistan, 2008).

In turn, higher soil temperatures may favour production through an earlier start and a later ending of the
cotton growing season. Soil temperatures in Central Asia are currently too low to plant cotton early, and
winter comes too soon to complete the number of heat units required for an optimum harvest (ICAC,
2009). However, cotton is most vulnerable to a lack of water during fruit formation and accumulation (June-
August). The increase of the number of days with extremely high air temperatures (over 39° C) due to
climate change will cause a decrease in yield in some provinces. In low moisture conditions, yield losses
due to extremely high temperatures could average an estimated 9%—15% (Uzbekistan, 2008).

4.6. Brazil

4.6.1. Production

Brazil grows 6% and uses 4% of global cotton fibre. Cotton is primarily grown in the Centre-West region,
mainly in the states of Mato Grosso, Mato Grosso do Sul and Goias. The soil in the cerrado’® regions of
the centre-West is very poor, but with the help of corrective fertilizer and the excellent weather for cotton,
the crop has grown substantially over the last 15 years, converting Brazil from being a net cotton importer
into a net cotton exporter. Since moving to the centre-West, cotton production in Brazil has become far
more efficient and farmers are now amongst the most technically advanced in the world (Graham, 2009).

4.6.2. Impact of climate change

Latin America will be particularly affected by climate change as the Andean glaciers are expected to
disappear before the end of the 21% century. The cotton production areas in central and West Brazil,
however, rely on rainfall not Andean discharge. Virtually all cotton is rain-fed. There are uncertainties over
the effects of climate change on rainfall in Latin America. However, it is predicted that arid and semi-arid
areas will receive even less rain due to climate change, leading to degradation of agricultural land and
impacting food security. Yields are expected to decrease throughout Latin America by the end of the 21st
century, except for mid-latitude areas, where CO, fertilization effects may balance out the negative effects
of climate change (UNFCCC, 2008).

For 2020, temperature increases will range from 0.4° C to 1.8° C, and for 2080, from 1.0° C to 7.5° C. The
highest increases are projected in tropical South America. For precipitation, the global climate models used
to project changes in hydrological cycle at regional scales have a high degree of uncertainty. For Central
and tropical South America, projections range from a reduction of precipitation of 20%—40%, to an increase
of 5%—-10% in 2080 (Magrin et al., 2007).

" Soil is considered saline if it contains in its mass more than 0.10% of salts that are toxic for plants or more than 0.25% salts of

dissolved solids (for non-gypseous soils) (Uzbekistan, 2008).

® The cerrado is characterized by low and twisted trees, isolated or grouped over a continuous grassy surface. Because of intense

human activity, much of its native vegetation has been replaced by agriculture, pasture and reforestation (UNFCCC, 2008).
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4.7. West and Central Africa

4.71. Production

Cotton production in West and Central Africa is rain-fed and concentrated in the Soudano-Sahelian belt.
Burkina Faso is the main producing country, followed by Benin, Mali, Céte d’lvoire and Cameroon. Virtually
all cotton is exported. Average annual rainfall is about 700—1,200 mm. Production in the more humid agro-
ecological zones to the South is possible, but yields are lower due to less sunshine and a higher incidence
of pests.

West and Central Africa have marked dry seasons, which is favourable to cotton quality. Yield is highly
dependent on sowing date, as the rainy season only lasts 4-5 months (May/June-September/October).
Drought spells as well as water-logging during the rainy season may impact yields significantly. Pest
incidence tends to increase with plant stress following drought or water-logging. All cotton crop operations
are done manually or with oxen. Tractors are very few and only used for ploughing.

Regional differences in cotton production within West and Central African countries can generally be
explained by factors, like agro-ecological conditions, population density, access to markets for food crops,
degree of agricultural intensification, political instability, etc. There is no evidence that any major regional
shifts have occurred within countries - for example due to desertification. Indeed, new regions have joined
in cotton growing over the years, but this growth could not be related to any production decrease in the
traditional ‘cotton basins’ (Ton, 2004).

4.7.2. Impact of climate change

Climate significantly controls Africa’s day-to-day economic development, particularly in the agriculture and
water sectors. Africa’s climate is influenced by complex maritime and terrestrial interactions that produce a
variety of climates across a range of regions, for example from the humid tropics to the hyper-arid Sahara
(Boko et al., 2007). Climate change may alter climatological and hydrological conditions, bringing about
substantial changes in temperature, rainfall and evapo-transpiration. The productivity of dry-lands is mainly
determined by temperature and precipitation during the vegetation period. Dry-lands are therefore
particularly vulnerable to climate change (Kapur et al., 2008).

Observed temperatures have indicated a warming trend since the 1960s. Between 1961 and 2000, the
number of warm spells over southern and western Africa increased, and the number of extremely cold
days decreased (Boko et al., 2007). Projections up to the end of this century indicate an average
temperature increase of 3.3° C in West Africa (Toulmin, 2009). For precipitation, the situation is more
complicated. Rainfall exhibits notable spatial and temporal variability. Inter-annual rainfall variability is large
over most of Africa and, for some regions, multi-decadal variability is also substantial. Rainfall trends in the
West African Sahel, the Guinea Coast and the Southern Sahara are not certain, with some models
predicting an increase and others a decrease (Toulmin, 2009).

Climate change may have many impacts on cotton production in West and Central Africa. Production in
current areas could decrease following reduced rainfall, and could possibly move southwards to more
humid areas. Water availability will be the critical factor for cotton production in West and Central Africa, as
is the length and predictability of the beginning and the end of the rainy season. An increase in the
frequency and intensity of extreme events, such as droughts and floods, will also have its bearing on crop
production.

4.8. Turkey

4.8.1. Production

Turkey is responsible for 2% of production and 5% of cotton fibre consumption in the world. All cotton
produced benefits from full or supplementary irrigation. About 50% of Turkish cotton comes from south-
eastern Anatolia, where the climate is semi-arid. Summers are very hot and mean temperatures higher
than 30° C in the hottest months of July and August. Mean temperatures in the coldest month January are
between 2° C and 5° C. Summer dryness is intense and long lasting. Annual precipitation varies between
350 and 800 mm.
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Other major production areas are the Aegean (27% of total in 2004/05) and Cukurova regions (21% of
total) (Karademir, 2006). Here, the climate is Mediterranean, with hot, dry summers and mild, rainy winters,
and annual rainfall between 600 and 1,000 mm (Turkey, 2007).

4.8.2. Impact of climate change

Between1950 and 2004, a widespread increase in summer temperatures was observed, in particular in the
western and south-western regions. Winter precipitation in the western provinces has decreased
significantly in the last five decades. On the other hand, fall precipitation increased in the northern parts of
central Anatolia.

Future projections for the period 2071-2100 indicate that the area-averaged annual mean temperature
increase will be around 2° C-3° C. In wintertime, projected temperatures are higher in the East. In summer
this pattern is reversed. The western half of the country, especially the Aegean region, will experience
temperature increases of up to 6° C.

Precipitation will decrease along the Aegean and Mediterranean coasts and increase along the Turkish
Black Sea coast. In summer there is little change in the level of precipitation over Turkey. A slight
precipitation increase is expected in fall, especially in the Euphrate-Tigris Basin — i.e. south-eastern
Anatolia. However, data also show a reduction in snow water equivalent of up to 200 mm for the high
plains of eastern Anatolia and the eastern part of the Black Sea mountains. Major changes may therefore
occur in the stream-flow of the river basins in Turkey. Rivers are the main source of water for Turkey, not
only for safe drinking water, domestic and industrial use, but also for irrigation and power generation.

Finally, it is projected that nearly 20% of the surface water in basins will be lost by the year 2030. By 2050
and 2100, these percentages go up to 35% and more than 50% respectively. The decreasing surface
water potential of basins will cause serious water stress problems for users. Moreover, higher crop evapo-
transpiration (up to +10% in 2030 and +54% in 2100) will increase irrigation water demand enormously
(Turkey, 2007).

4.9. Australia

4.9.1. Production

Australia produces about 2% of global cotton — virtually all is for export. Over the past ten years, average
cotton yields have been increasing, due to the spread of GM seed varieties and improvements in
technology and crop management. Cotton production in Australia is located in New South Wales and
Queensland, in particular in the Murray-Darling river basin. This basin has been subject to severe drought
since 2000, adversely affecting cotton production.

Lack of irrigation water is the most limiting factor for production (Glover et al., 2008), as irrigation is used
on 87% of cotton farms (Australia, 2009). An estimated 20% of water used for irrigation in the Murray-
Darling system is used to irrigate cotton (Zhao & Tisdell, 2009).

4.9.2. Impact of climate change

Throughout cotton growing regions, average annual minimum temperatures have increased 0.9° C and
maximum temperatures 0.6° C since 1950. The difference between day and night temperatures decreased,
particularly in Queensland and parts of New South Wales. Since 1970, much of Eastern Australia
(particularly Queensland) has seen a trend towards declining rainfall. The combination of increasing
temperatures and decreasing rainfall, especially in central and southern Queensland, is likely to reduce
soil-water balance (McRae et al., 2007).

Projections indicate that most of Australia will warm with 0.4° C to 2.0° C by 2030, and with 1° C to 6° C by
2070. Warming is expected to be higher inland. The rate of warming will be higher in spring and summer
than in autumn and winter. There will be an increase in the average number of extremely hot days and a
decrease in the average number of extremely cold days and frosts (McRae et al., 2007). Annual average
rainfall is expected to be lower in the southwest (-20% to +5% by 2030; -60% to +10% by 2070) and the
southeast and parts of Queensland (-10% to +5% by 2030, -35% to +10% by 2070), but not in the rest of
Australia (-10% to +10% by 2030, -35% to +35% by 2070) (McRae et al., 2007).
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Climate change impacts will be complex and will vary greatly across different cropping and pasture
regions. Impacts could include heat stress, drought, water-logging and changes in the distribution and
severity of insect pests, pathogens and weeds. Some impacts could be positive, such as the capacity of
plants to use water more efficiently, as a result of higher atmospheric CO,. However, this positive effect
may be offset by the effects of increased temperatures and changes in water availability (Glover et al.,
2008). Climate change is likely to make water availability more variable and limited in Australia’s cotton
producing regions (Zhao & Tisdell, 2009). Water availability being a key limiting factor, the cotton sector
has set a goal to double its water-use efficiency by 2015 (Australia, 2008).

Many cotton growing areas in Australia already experience extremely high temperatures during the
growing season, particularly during flowering and boll development. Climate change may increase the
frequency of these high temperatures. Excessively high temperatures (greater than 35° C) during the day
can reduce photosynthesis, while warm nights (above 25° C) mean that leaf temperature and plant
respiration remain high. Maintenance respiration can double for every 10° C rise in temperature (Bange,
2007).

Yet, climate change may also raise minimum temperatures. Low temperatures after sowing increase the
time to emergence and reduce cotton seedling vigour — often leading to poor establishment, poor early
growth and increased risk of seedling diseases. In some cotton producing regions in Australia, the number
of ‘cold shocks’, i.e. days when minimum temperatures are below 11° C, is important in early cotton
growth, between mid-September and the end of November, and can be significantly reduced by climate
change to the benefit of cotton production (Bange, 2007).

5. Options to adapt to climate change

As climate change alters the economics of production, rural cotton farming communities will have to
formulate different adaptation strategies including planting different crops and seeking alternative non farm
income streams. This entails complex and resource intensive responses from government and
international aid flows.

At the production level, the cotton plant’s genetic makeup allows it to make limited adjustments to changes
in climatic conditions (ICAC, 2007). Following stress, cotton responds to the loss of vegetation or fruiting
parts (buds, flowers, bolls) through ‘compensatory growth’. Cotton’s vertical tap root provides resilience
against spells of drought, but also makes it vulnerable to water-logging.

Irrigation allows half of today’s cotton acreage (and three-quarters of production) to take place in areas
where cotton could not normally be productively sustained. This makes cotton particularly vulnerable to the
availability of freshwater or groundwater for irrigation.

The following potential adaptation measures have been identified:

. Stop any unnecessary loss of nutrients for the farming system, preventing soil erosion and
abandoning the burning of cotton crop residues where still applied.

. Favour a cropland design that has plant diversity and that favours soil fertility management; for
example, through the inclusion of cover crops or perennials.

. Adjust sowing dates to offset moisture stress during the warm period, to prevent pest outbreaks, and
to make best use of the length of the growing season.

. Minimize the period that land lays bare, in order to slow down loss of organic matter and soil
humidity, and soil erosion in general.

. Minimize soil tillage in order to prevent loss of soil organic matter — a natural source of soil fertility
and a means of storing water for plant uptake.

. Breed cotton varieties that are more resistant to heat stress, drought spells, weeds, pests and
diseases, etc.
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. Optimize the use of sustainable, natural fertilizing sources in cotton production, including nitrogen-
fixing crop rotations, compost and composted manure.

° Optimize the efficiency of additional fertilizer use where required, because of its costs and carbon
fuel footprint. Synthetic fertilizer use is particularly high in irrigated agriculture.

. Optimize the water-use efficiency in the production of irrigated cotton, because of the irrigation
water’s costs and carbon fuel footprint.

. Optimize the use of industrial preparations such as pesticides, herbicides and defoliants because of
their costs and carbon fuel footprint.

Where used, ‘optimize’ refers to the search for the most appropriate, most practical, least-costly option.
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