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DROUGHT, DESERTIFICATION AND THEIR
MITIGATION TECHNOLOGY IN THE WORLD

(Report of the CCI Rapporteur on Drought and Desertification
to the eleventh session of the Commission for Climatology)

Kerang Li
(Institute of Geography, Chinese Academy of Sciences,
Beijing, China)

I. DROUGHT, DESERTIFICATION AND THEIR
MITIGATION TECHNOLOGY IN THE WORLD
1.

INTRODUCTION

In recent years, frequent and severe drought has become a major climate disaster throughout
the world, adversely affecting developed and developing regions as well as the environment.
Drought is undoubtedly one of man's worst natural enemies. Recent droughts have attracted
attention to drought's monitoring, occurrence, frequency, duration, regulation, warning,
prediction, impacts, and the need for assessment and management to help mitigate its
adverse effects.
Human activities also contribute to development of drought conditions. Overgrazing, poor
cropping methods, deforestation, overpumping of groundwater, and improper soil conservation
techniques often contribute to the development of drought conditions. Therefore, through the
adoption of proactive strategies, losses and hardships can be reduced in the world.

2.

CONCEPT, DEFINITION AND CLASSIFICATION OF DROUGHT

In order to strengthen the studies on drought regulations, assessment, monitoring, warning,
prediction and its impact mitigation, an accurate, objective and widely applicable definition
for drought and appropriate index need to be suggested. At present more than 100 different
drought indices exist in the world, most of which use rainfall as the major parameter. Studies
with a view to introducing a standard drought index should be enhanced.

2.1

Concept of Drought

Drought is normally defined as water shortage caused by the imbalance between water supply
and demand. Recent attempts to define drought are all based on the concept of water and
energy balance (or budget) at the earth's surface. Consequently, all drought indices are
closely related. The water and energy balance equations have also been applied to agricultural
and environmental systems in attempts to quantify the moisture deficits. The water balance
equation for the plant-soil environment may be expressed as:
P=Q+U+E+AW

where P is the precipitation or irrigation water added; Q is runoff; U is deep drainage passing
beyond the root zone, E is actual évapotranspiration; A W is change in soil-water storage
(WMO, 1975).

2.2

Aridity

Aridity is usually defined in terms of low average rainfall or available water and, ignoring the
possibility of climatic charge, is a permanent climatic feature of a region (WMO, 1975). It is
characterized by the water shortage induced by a number of relatively stable factors, such as
climate, distribution of sea and land and topography etc., in a given region over a long period.

In this report we use a dryness ratio as the criterion of defining arid/semiarid land. The ratio
of the annual net radiation at surface to the energy required to evaporate normal annual
rainfall, this dryness ratio is defined as

LP
where R is mean annual net radiation at surface, i.e., radiation balance; P is mean annual
precipitation; L is latent heat of vaporization of water; D is also called the Budyko-Leltau
dryness ratio (Hare, 1985). Defined as arid area, the land part in such regions can be further
divided into absolute arid, arid, semi-arid and semi-humid zones etc.. The following relation
is suggested by Hare (1985):
Dryness Ratio

Aridity Zone

> 10

Hyperarid. True desert. Desertification
effects largely absent because of lack of
settlement, except in groundwater or
riverine oases.

7-10

Arid. 10 is the desert margin. Desertification in zones of heavy livestock use.

2-7

Semiarid. Extensive desertification due
to overstock or cultivation.

1-2

Sub-humid. 2 is the outer limit of the arid
zone. Little desertification.

< 1

Humid. No desertification.

The average annual rainfall may be also used as a simple index of aridity. In absolute arid
zones the land surface is dominated by desert and the annual precipitation is almost zero. In
arid zones the land surface is partially covered by desert and in general the annual
precipitation is below 250 mm. The land surface of semi-arid zones is covered by dry steppe
and the annual precipitation is normally between 250-450 mm.
2.3

Desert

Desert is arid barren land where vegetation is scarce or absent because of deficient rainfall
or edaphic aridity (UNCOD, 1977). As for the natural conditions, arid climate and insufficient
precipitation are the key conditions of desert formation. In other words, pure sand desert is
the result of arid climate. It indicates that the term arid climate is equivalent to desert climate,
whereas a semiarid climate is one whose outstanding characteristic is its high susceptibility
to episodes of severe drought. Sand desert can also be defined as the shifting sand area in
arid zone where ground surface is covered with vast expanse of mobile dunes, including the
rocky desert and gravel desert in arid and extremely arid zones (Zhu et al, 1980).

2.4

Desertification

Desertification is a degradation of ecosystem and occurrence of desert-like environment in
arid, semi-arid and some sub-humid zones. Degradation is the result of excessive human
activity and drought. The process of desertification is manifested in the following remarkable
indicators: increase of aridity, invasion of blown sands, loss of moisture, accumulation of salt
in soil, decline of soil fertility, reduction of vegetative coverage, change of species
composition and enlargement of extent of sand areas or encroachment of shifting sands (Zhu
et al, 1980).
2.5

Drought

Drought is characterized by random occurrence of water shortage formed by various factors
such as climate change etc.
Drought is an extremely complicated phenomenon. The formation and intensity of drought are
gradual and cumulative processes which occur so slowly that they are not easily discerned.
In addition, drought may occur at any time and any region. Therefore it is difficult to predict
the beginning and end of a drought precisely. Factors which may induce drought are very
complex. In addition to many factors in natural environment, in particular the atmospheric
conditions such as precipitation, evaporation, temperature, wind, illumination, humidity and
cloud amount etc., the hydrological conditions such as surface water and underground water
etc., the agricultural conditions such as soil behaviour, cropping system, crop varieties and
growing period etc. and geographic conditions like topography etc., drought is also closely
related with human activities. On the one hand human activities can mitigate drought impacts
and avoid confrontation with drought. On the other hand they can intensify drought or even
induce the formation of drought.
2.6

Classification of drought

In general, meteorological drought, agricultural drought, hydrological drought and societal/
economic drought are distinguished (Wilhite and Glantz, 1987).
Meteorological drought is characterized by the water shortage induced by the imbalance
between precipitation and evaporation, in particular water shortage based solely precipitation,
e.g., rainless situation. In addition to precipitation and evaporation, meteorological drought
can also be affected by the other atmospheric factors such as wind speed, air temperature,
air humidity, sunshine and so on.
Agricultural drought refers to the water shortage caused by the imbalance between soil
available water, water requirements of crops, transpiration and so on. It is related to
physiological drought determined from conditions of crops, natural vegetation and other
agricultural systems.
Hydrological drought is represented by the water shortage formed by the imbalanced budget
of surface water and underground water. It is mainly affected by various hydrological factors
such as surface run off, shallow and deep underground water etc.

Societal/economic drought refers to the drought attributed to the joint effects of both natural
and societal factors. It is represented by the water shortage induced by the unbalanced supply
and demand of water resources. To be specific, it is an imbalance among natural precipitation
system, surface and underground water distribution system and human water drainage and
supply system (Zhang 1989). Societal/economic drought relates to many factors such as the
distribution of plant, animal and human being,life style and land use etc. Improper use of land
may induce drought. A significant number of bitter lessons in this regard can be learnt from
history. Society contributes a significant part in modern drought problems. For instance
development activities often degrade vegetation and soil structure so that the adjustment
function in the water balance system is disturbed. As a consequence, rainfall that reaches the
land surface is not available as run off, and water resources decrease. Furthermore, with the
growth of population and social and industrial development, the demand for water is steadily
increasing. The water demand imposed by the societal development will never be met by the
variation of precipitation.
Therefore, for a full understanding of drought problems, and to achieve an effective drought
disaster reduction and management, it is necessary to consider human activities, an important
societal factor.
The four types of drought listed above are related to each other, though they have their own
different formation characteristics and main affecting factors. Among them, meteorological
drought is considered to be the most basic one. All types of drought originate from
meteorological drought, in particular from the shortage of precipitation. However drought
disaster is often reflected through agriculture, hydrology or societal economy, therefore the
study on drought could not be limited on meteorological drought alone. A correct approach
should take meteorological drought as the basis, extend studies to the areas of agricultural
and hydrological drought and finally focus on societal economic drought.
3.

DISTRIBUTION OF ARID LANDS, DESERTS AND DESERTIFICATION

3.1

Distribution of Arid Lands

As shown in Figure 1 and Table 1 (Hopkins and Jones, 1983), the arid and semiarid lands
(ASA) are mainly distributed in the following regions:
(1)

North Africa and Southern Africa. In Africa, arid regions are located to both the
north and the south of the equator. The north region stretches eastward from the
Atlantic coast on the north of 16°N to Asia. It is 5500 km long from east to west
and 1500 km wide from north to south. The eastern tip reaches the southern
hemisphere. The aridity lessens gradually from north to south. The south region is
located at the southwest of Africa. It is south-north oriented and extends to 10°S
on the north. The aridity decreases from west to east with the hyperarid lands at
the west coast of the African continent. Africa has the largest area of arid lands in
the world. The hyperarid area in Africa is 3.3 times the combined hyperarid lands
of all other continents.

(2)

Asia. Asia has the second largest area of arid lands among all continents. Southern
Asia is in the tropical and subtropical zones. From the Arabian peninsula at the
west, across Iran, to the lower Indian River at the east, the arid lands of southwest

Asia almost blend into the arid regions of north Africa. The northern arid region of
Asia is located in the temperate zone. This region starts from the coast of the Black
Sea on the west, through the Caucasus, the Caspian-Aral Sea plains and central
Asia to the northwestern China and Nei Mongol Gaoyuan (plateau).
(3)

Australia. Australia is the driest continent by percentage of the arid land to total
land. More than 81 % of Australian lands are arid or semiarid. Only strips along the
north, east, and south coast are subhumid and humid. Arid and semiarid regions in
Australia are all located in the tropical and subtropical zones.

(4)

North America. Arid and semiarid lands are mainly distributed at the west of 98°W,
between 16°N and 50°N. This region is south-north oriented and belongs to the
subtropical and temperate zones.

(5)

South America. The arid lands are mainly located in a narrow strip of the west
coast which is at the west of the Andes and from the equator to 35°S. Further
south, the arid lands are at the east of the Andes and extend to 50°S. Small areas
of arid land also appear in eastern Brazil, northern Colombia and Venezuela.

From Figure 1 and Table 1, it can be seen that total area of the land of the Earth is
149.72x10 6 km 2 . Of the total land, 19 percent or 28.441 x10 6 km 2 is considered hyperarid or
arid and 11.8 percent or 17,706x10 6 km 2 is classified as semiarid. The combined area of arid
and semiarid lands is 46.147x10 6 km 2 which is 30.8 percent of the total land. Of the
approximately 21 billion acres of farm lands on the earth,only 10 to 15 percent is
irrigated.About nine billion acres of farmlands (42.9 percent of the total farm land) are located
in arid and semiarid regions with annual rainfall less than 500 mm. The effect of climate to
the agriculture is hence significant.
The arid and semiarid regions are distributed in more than 100 countries and regions. A huge
belt of ASA conditions is stretching from North Africa through the Middle East-Indian
subcontinent into Asiatic ex-USSR and China. The remaining regions in the Americas and
Australia are far more limited. The ASA regions of North and South America are meridionally
oriented, while those in Eurasia, Africa, and Australia are zonally oriented. Finally, most
regions are subtropical.
Table 1 also summarizes the general features of the individual regions, including their location,
size, general elevation,the fraction of the land mass that is arid (annual precipitation Oto 250
mm) rather than semiarid (250 to 500 mm) and terrain characteristics. Note that the Africa
has the largest area (37%) of ASA lands and is the driest continent in the world. On the other
hand, ASA conditions occupy a greater proportion of the total land mass in Australia (81
percent) than in Africa (58 percent). The smallest proportion, 3.7 percent,is found in Europe.
The North African ASA region has the most severe conditions with 63 percent of its region
arid rather than semiarid, while conditions in North America are noticeably less severe with
only 4.1 percent arid. Finally, the ASA regions in North Africa, Asia, and Australia are
relatively flat and low lying (mainly under 500m). On the other hand, those ASA regions
located in the Americas and Asia tend to cover far more complex terrain, much of which is
situated above 1000m.

3.2

Distribution of Deserts

The total area of deserts is about 18,864,790km 2 which is more than 12.6 percent of the
Earth's total land (Table 2). Deserts can be classified by geographical location, temperature
or vegetation.Deserts are distributed in six regions (Figure 2). North Africa has the largest area
of deserts with 59.5 percent of total deserts in its region. Asia comes second with 17.8
percent of deserts in its region. The combined area of deserts in these two regions, which
includes the Sahara and a series of deserts extending eastward through the Middle East,
Southern Asia to Northern and Eastern Asia, is 77.3 percent of the total deserts. The third
is Australia with 15.0 percent of total deserts in its region. The North American deserts, about
3.4 percent of total deserts, occupy much of Mexico and the southwest of the United states.
The south Africa has two deserts: the coastal Namib and the inland Kalahari. The total area
of these two deserts is 3.2 percent of total deserts. The remaining 1.1 percent of deserts is
in South America whose deserts are confined to two strips: the Atacama along the west
coast and the Patagonian desert along the east coast.
We divide deserts into three types on the basis of their climate, especially their temperatures.
(1)

Deserts in the tropical zone or subtropical zone (hot deserts, or warm deserts).
Deserts in these regions are generally located at 15° to 35°N and S. They extend
to the south or the north from the tropics. Figure 2 reveals this rule very clearly.
Major deserts under this category are the Sahara Desert in north Africa, the Namib
and the Kalahari Deserts in south Africa, the Arabian and the Thar Deserts in west
and south Asia, the deserts in the west and central Australia, and the Atacama
Desert in South America.

(2)

Deserts in the temperate zone and at the center of the continent (cold deserts).
These deserts are generally distributed between 35°N and 55°N. Major deserts in
this category are: the Peski Karakumy and the Peski Kyzylkum in the former Soviet
Union, the deserts in the northwest China, and the western deserts in the USA.

(3)

Deserts in the coasts of continents along cold ocean current and upwelling cold
seawater of the western margins of several oceans (Figure 2). These deserts are
called ocean deserts or coastal deserts and are generally a north-south oriented
narrow strip (Glantz,1977). Examples of these deserts are: the northwest coast and
the southeast coast of South America ,the southwest coast of North America,the
northwest,southwest, and northeast coasts of Africa, and the west coast of
Australia.

3.3

Distribution of Desertification

Desertified lands are mainly distributed in arid and semi-arid zones with some of them
appearing in sub-humid zones (Figure 3). Desertification means not only the encroachment of
the existing deserts but also the appearance of desert-like landscapes in the original nondesert areas. The area of land affected or threatened by desertification is about 39.4x10 6 km 2
which is 26.3 percent of total land (Table 3) (Hopkins and Jones, 1983). The distribution of
these desertified lands are as follows: 36.0 percent (about 14.187x10 6 km 2 ) in Asia, 25.4
percent (about 10.41 x10 6 km 2 ) in Africa and 11.8 percent (about 4.652x10 6 km 2 )in North and

Central America. More than 100 countries and regions are affected by this problem. There are
about 50-70x10 3 km 2 of land likely to be desertified every year. At the end of this century, one
third of arable lands will be lost and 14 percent of the human population living in ASA lands
will be threatened directly. Therefore desertification is one of the most serious environmental
problems of this and next centuries. It has been called the Earth's cancer.
4.

CLIMATE AND CAUSES OF ARID REGIONS

4.1

Climatic Classification of Arid Regions

Fig. 4 is Meigs's world distribution of arid and semiarid homoclimates (1953). The codes are
E = extremely arid, A = arid and S = semi-arid, and they are here equated to extreme deserts,
true deserts and semi-deserts respectively. Letters a,b, and c indicate no marked season of
rain(a), summer rain(b) and winter rain(c). Two digits indicate temperature: the first and
second digits indicate mean temperature of the coldest month and the warmest month
respectively. For example, hot deserts are indicated by 1, 2 or 3 in the first digit and by 3 or
4 in the second digit, (see legend in Fig. 4).
Walter and Stadelmann (1974) further classified deserts on the basis of seasonality of rain
into six groups. They are: (i) arid areas with rainy seasons: north Venezuela, southwestern
Somalia, Sonoran Desert, and Karroo region; (ii) arid regions with winter rains: Mojave Desert,
northern Libya, Mesopotamia, northern Chile and the northern Sahara; (iii) arid regions with
summer rains: Nubian Desert, Ordos Desert, central Australia, southern Peruvian regions and
southern Sahara; (iv) arid regions seldom having rain which may fall at any time during the
year: Lake Eyre basin; (v) Fog deserts almost without measurable rainfall: southern Peruviannorthern Chilean region and Namib Desert; and (vi) Deserts almost without rain and
vegetation: central Sahara and southern Egyptian Desert (McGinnies, 1983).
With the exception of high-latitude polar deserts, Walter and Stadelmann (1974) classified arid
regions according to temperature into four groups. They are: (i) arid regions of the tropics with
very little difference in the average monthly temperatures: islands of the south Caribbean Sea
and north coast of Venezuela, the northern part of Somalia and the island of Socotra; (ii)
subtropical arid regions with considerable temperature fluctuation during the year and
occasional frost: Sonoran Desert, Mojave Desert, Sahara-Arabian Desert region, southern
Iranian Desert and the Thar Desert, southern Peruvian-northern Chilean region, Nomib Desert,
Karroo region and the desert regions of Australia; (iii) regions of temperate zones which often
have very cold winters: Great Basin (North America), the transitional regions north of the
border line for date palm cultivation between the Syrian-Mesopotamian and the IranianTuranian Desert, the Kazakhstanian-Dzungarian Desert, China's Deserts, Patagonia; and (iv)
cold highland deserts: the Puna in the Andes Mountains, the Pamir and Tibet.
As mentioned above, arid regions are divided into three types according to their thermal
regimes: dry tropical and subtropical climate (hot dry), dry temperate climate (cold-winter dry)
and dry coast climate (coast dry). Every type may be divided into three subtypes: very dry
desert, semidesert, and semiarid (steppe) according to the degree of aridity (Strahler and
Strahler, 1987).
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(1) Dry Tropical and Subtropical Climate
Latitude range is 15° to 35°N and S. The dry tropical (15° to 25°N and S) and subtropical (25°
to 35° N and S) climates occupy source regions of high-pressure cells centred over the tropics
of cancer and Capricorn and a poleward extension region. This subsiding air mass is stable and
dry, becoming highly heated at the surface under intense insolation. Extremely dry areas,
recognized as desert subtype, are over the tropics of cancer and Capricorn. This dry zone
grades both equatorward and poleward through a narrow zone of semidesert subtype into a
semiarid, or steppe climate subtype.
Primary characteristics are: extremely low, variable rainfall without a regular season; extreme
moisture deficit; a large diurnal temperature range and moderate annual temperature range;
variable winds and dust storms.
Major regions of occurrence are: North Africa, the Middle East and south Asia; Australia;
southwestern United States, Central America, South America; and South Africa.
(2) Dry Temperate Climate
Latitude range is 35° to 55° N. Vast areas of interior Asia and North America belong to this
type. It occupies a rain shadow position with mountain ranges on the west or south. Maritime
airmasses are blocked effectively much of the time. True deserts occur only in basins of
interior while steppe and semidesert subtypes are extensive.
Primary climate characteristics are: topography influenced low to very low, highly variable
rainfall, mainly in late spring and early summer, high intensity of local convective storms;
cloudier than low-latitude deserts but receives 60-70% possible insolation; annual temperature
range higher than diurnal temperature range, high day temperatures in summer, mean
temperature can be below 0°C in one or two winter months; night frost throughout the year
on higher ground; moderate moisture deficit with évapotranspiration reduced to 500 mm by
lower temperatures; strong winds and dust storms in winter and spring.
Major regions of occurrence are: western North America (Great Basin, Columbia Plateau) and
the part of Eurasian interior from Central Asia through northwest China, the Loess Plateau to
Gobi Desert.
(3) Dry Coast Climate
Regions of this climate are along the western coasts of continents passed by cold current or
upwelling cold water (see Figure 2).
Primary climate characteristics are: extremely low, highly variable rainfall; relative humidity
generally above 50%; significant dewfall up to 50 mm and frequent fog in littoral tract;
moderate cloud cover and moderate temperatures with very small diurnal and annual ranges;
annual evaporation as low as 850 mm; strong unidirectional winds throughout the year.
Major regions of occurrence are: the coasts of northwest Africa, the coasts of southwest
Africa, the Atacama of South America, and the southwest coast of North America (Strahler
and Strahler, 1987).
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4.2

General Climate Characteristics of Arid Regions

4.2.1

Water characteristics

All arid regions in the world have one common characteristic: aridity, esp.. low precipitation
(Table 4). There is a wide range of dry climate which may be grouped into three subtypes.
The first subtype is the semiarid or steppe climate which has precipitation to support sparse
grassland. The second one is the desert climate which is extremely dry and has so little
precipitation that only scattered hardy plants can grow. The third subtype is the semidesert
climate which is the transitional climate between semiarid and desert subtypes.
The two zones of vast tropical and subtropical deserts lie approximately on the tropics of
cancer and Capricorn. These are hot and barren deserts. The annual rainfall is generally less
than 250 mm (10 inches) with some areas experiencing almost no precipitation at all. For
example, the average annual precipitation at Wadi Haifa of North Africa is 0.1 mm while it is
Omm at E1 Minya and Asyut and the mean annual rainfall amounts to 0.5 mm at some
stations in Egypt. Farther north in the interiors of Asia and North America, there are great
continental midlatitude deserts and extensive semiarid grasslands (steppes) between 30° and
50° N. Annual rainfall ranges from less than 100 mm (4 inches) in the driest areas to 500 mm
(20 inches) in the moister steppes. For example, in China, the Taklimakan Shamo (desert) in
southern Xinjiang, the Kumtag Shamo in eastern Xinjiang, and the Qaidam Pend: (basin) in
Qinghai have an annual precipitation of under 25 mm. The annual precipitation in deserts of
western United States is usually under 200 mm. Extremely low precipitation is also a
characteristic of many coastal deserts. For example, the mean annual rainfall is only 30 mm
at Callao in Peru, 15 mm at Swakopmund in Namibia (S.W. Africa), and 35 mm at Port
Etienne in Mauritania.
Another characteristic of desert climate is that the average annual evaporation exceeds the
average annual precipitation. A dry climate has a total annual soil-water shortage of 150 mm
(5.9 inches) or larger and has no water surplus. The soil-water shortage is less than 150 mm
in a moist climate. This definition enables us to draw a boundary between dry and moist
climates.
One important feature of desert climate is the relatively high variability of rainfall. The interannual variability (V) can be expressed as a simple index as following:

0£\

== 4 x 100

where a is standard deviation of annual precipitation; P is mean annual precipitation. Figure
5 is a world map of annual rainfall variability. It is useful to compare this map with the map
of world deserts (Figure 2). The correspondence is striking. The variability of major desert belt
is often more than 25% or 40%. The rainfall variability may be less than 2 0 % in European
humid temperate stations; it is 80-100% in the central Sahara, more than 100% in Libyan
Sahara, and 150% at Dakhla.
The seasonal distribution of precipitation is very uneven in arid regions. Rainfall is usually
concentrated in one season while other seasons receive very little or no precipitation.
Explosive rainstorms are the dominant form of precipitation. The rain falls heavily for a short
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period of time. An entire year's precipitation may fall in one rain storm. In addition to temporal
variability, rainfall in arid regions also shown spatial variability. It is often described as being
'spotty'. This unevenly distributed rainfall in both space and time causes water shortage in
certain areas at certain times. The serious natural disaster-drought occurs.
4.2.2

Wind and wind-drift sand characteristics

Wind erosion is a very important and often dramatic process of desertification in arid regions.
Water erosion is another major process of land degradation. These processes are related
directly to wind speed and precipitation intensity.
Soil particles are moved by the surface wind flow when the friction speed exceeds some
threshold value which is dependent on numerous local factors, including surface roughness,
soil moisture, etc. In the case of water erosion, the soil is displaced mainly by water flowing
freely at the surface, a situation that occurs essentially when the precipitation rate is greater
than the infiltration rate, as a function of various local parameters.
Winds blow strongly and frequently in arid lands. The condition of sand blown away by wind
because of extremely dry air, sparse vegetation, and dry and bare ground creates desert.
Wind, dust and sand storms intensify the desertification and enlarge the desert.
Desert winds are winds blowing off the desert. They are characterized as dry, dusty, very hot
in the summer but cold in the winter, and having large diurnal range of temperatures. Well
known examples of desert winds are: Harmattan in west Africa, Khamsin in Egypt and Red
Sea, Simon in Sahara, Israel, Syria, and Arabia, Brickfielder in southern Australia, and Santa
Ana winds in Los Angeles (Idso, 1981).
Dust storms occur in dry desert areas when the rising current associated with vigorous cold
front lift large quantities of dust hundreds of feet into the air. The best known dust storms
are those of the eastern Sahara, Sudan, south Mediterranean, and the Arabian Peninsula. It
is called 'Haboobs' in Texas. The average maximum wind velocity is over 45 km/hr with a
record of 95 km/hr. The sand and dust form a dense whirling wall which may be 1000 m
high. In China, dust storms usually occur at the areas surrounding deserts, the Alxa Gaoyuan
(plateau), the Hexi Zoulang (corridor), and the Qaidam pendi (basin).
Desert dust and dust storm is a common phenomenon in arid and semiarid regions. Figure 6
shows the major directions and distances of dust transport from deserts (Pewe, 1981).
Regions where dust originates coincide with major deserts of the world. Large dust storms
that carry particles thousands of kilometres away are originated in such areas as the Sahara,
north and west China, southwest United States, central Australia, central India, and the
Russian steppes.
4.2.3

Radiation characteristics

Much of the distinctiveness of arid environments is related to particular atmospheric and
terrestrial characteristics which affect the various incoming and outgoing components of the
radiation. Because of the combination of large surface albedo and large net loss of terrestrial
radiation, the total net radiation is relatively small in arid regions. Therefore, whereas maps
of mean global solar radiation show the major desert areas of the subtropics to have
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conspicuously large values, net radiation in these areas tends to be less than it is in adjoining
land areas at comparable latitudes with wetter climates. On the annual average, net radiation
is positive everywhere according to the Henning's Atlas (1989). The maxima arrive at 260
to 275 Ly/d in non-arid or only slightly arid subtropical regions between about 8° and 23°
latitude. In the other subtropical deserts-except the coastal desert of pacific south Americathey fall below 160 Ly/d, in the southeastern Sahara below 140 Ly/d.
The proportion of incoming solar radiation that is directly lost by reflection at the earth's
surface is greater in arid regions than in more humid areas because there is less vegetation.
The high soil temperatures caused by the combined effect of bright sunshine and dry
atmosphere produce strong long-wave radiative cooling of the surface. In most arid areas, the
soil is light in color and has a high albedo, between 0.20 and 0.35 over typical dry surface.
For the desert centres of Africa encircled by 27% isopleths, the alternate extension and
contraction of the areas of maximum albedo in the Saharan and Karoo-Namib-Kalahari regions
are most striking (Henning, 1989).
Total cloud cover, sometimes replaced by relative sunshine duration, is one of the most
important parameters by which the influence of the atmosphere on radiative fluxes reaching
the ground can be assessed in attempts to estimate such fluxes. The average annual
cloudiness over the large deserts amounts to less than 30% and falls short of even 20% over
the eastern Sahara, most of Arabia and parts of neighbouring western Asia. It exceeds at least
40%, mostly 5 0 % over the Gobi desert and due to high fog frequency over the elongated
coastal desert of pacific south America.
Effective outgoing radiation is mainly function of surface temperature, air temperature and the
amounts of water vapour and liquid water, i.e. of clouds contained in the atmosphere. Thus,
the maxima of net long-wave radiation should be expected to occur in subtropical deserts in
winter (Henning, 1989). These maxima amount to more than 220 and 260 Ly/d, in Australia
and southwestern Africa, respectively, in July and exceed 280 Ly/d in a section of the
southern margin of the Sahara in January. In the deserts of North America and western Asia,
July is the month when net outgoing radiation attains its strongest intensity: more than 260
Ly/d in the Mojave desert, more than 300 Ly/d in part of eastern Arabia and in the high
mountain valleys of western Iran.
The picture is completely different in coastal deserts such as the Namib and the Atacama.
There are frequent fogs and low clouds in coastal deserts which causes high humidity and
weak sunshine. The relative humidity may be as high as 100% because the wet fog may
deposit more moisture than does true rainfall. At Swanopmund and Walvis Bay in S.W. Africa
(Namibia), the mean annual fog precipitation may be 35-45 mm and fog may occur on 200
days in a year (Goodie and Wilkinson, 1977). The situation is similar in Peruvian desert, the
strong influence of the development of low cloud Called 'Garua' from June to October
furnishes enough moisture to support a growth of vegetation.
4.2.4

Temperature Characteristics

Deserts located at the western coasts of continents along cold currents and upwelling water
have low annual temperature range. For example, the mean annual range of temperature is
6°C at Walvis Bay in South West Africa (Namibia) and 5°C at Calloa in Peru. Daily range of
temperatures is generally about 11°C which is only half of what one would expect in the
Sahara. The annual temperature values are also moderate. The average annual temperature
is around 19°C in Atacama and 17°C at Walvis Bay.
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By contrast, extremes of temperature can occur in the temperate deserts (cold deserts). The
large number of sunshine hours causes high relative sunshine and strong solar radiation in the
temperate deserts in the summer time. Because of the dry surface, little of this abundant solar
energy is spent in evaporation, most of it is used to increase the temperature of earth and air.
In addition, the tonograph of deserts causes very high summer temperature. For example,
some temperate-zone deserts are located in basins where the inflow of cool air and the
outflow of hot air are blocked by mountains. The foehn in some deserts intensifies the heat.
In the winter, the radiation cools the surface very rapidly at night, and the cold air stays at
the bottom of the basin, which causes the temperature to plunge. Hence the temperature is
very high in the summer and very low in the winter in the temperate deserts. Compared to
the annual range of air temperature, the annual range of ground surface temperature is even
higher. It has been recorded that the temperature on sand, soil, and rock can reach as high
as 82°C. The situation is different in hot deserts. The air temperature remains high year round
which makes smaller variation of air temperatures. For example, the annual temperature range
in Turpan (42.7 N, 89.2E), China, is 43.5°C which is 24.6°C higher than the annual air
temperature range (18.9°C) in Aswan (24.1 N, 32.9 E).
Hot deserts are characterized by very high summer temperature, high winter temperature,
moderate annual temperature range, and large diurnal temperature range. The daily
temperature range is larger than the annual temperature range in hot deserts while the daily
temperature range is smaller than the annual temperature range in cold deserts. The
temperature in hot deserts rises rapidly after sunrise and drops very fast after sunset due to
the large effective radiation which is caused by cloudless nights. Therefore, the daily
temperature range is very large. The daily temperature range in hot deserts is ordinarily around
15-30°C and may be as high as 38°C in a particular place; this is much higher than the annual
range of temperature in hot deserts.
Although the daily temperature range is high in arid midlatitude regions, it is small compared
to the annual temperature range of these regions. There are exceptions to the above -for
example, even though the coastal deserts are located in the tropical zone, the annual
temperature range is very small because of the cool summer due to the sea's influence.
4.3

Causes of Climate of Arid Regions

Deserts are the products of an arid climate. As summarized by Hare (1977) and Rasool
(1984), deserts exist on the earth because of either one or a combination of the following
reasons of lack of precipitation.
4.3.1

The stable and enduring atmospheric circulation causes widespread and persistent
atmospheric subsidence

Regions controlled by subtropical high pressure systems are most susceptible of this
condition. As shown in Figure 7 (Hare, 1983) and 8 (after Hare, 1983 and Wyrtki, 1982), the
widespread and persistent subsidence occurs on the sub-tropical latitudes through the
influence of the atmospheric circulation. These latitudes correspond to the down leg of the
Hadley Cell which results in little cloudiness, scanty rainfall, and dry air. On the average, the
mean annual latitude of maximum subsidence is near 33° in both hemispheres. Superposed
on this meridional circulation is the zonal Walker Cell (Figure 8) which also enhances the
subsidence of subtropical latitudes through their interaction. This is the main reason for the
formation of arid lands (deserts) in tropical and subtropical zones. The major desert belts of
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the earth lie beneath these zones of subsidence. The Sahara and Libyan deserts, the deserts
of Arabia, the Kalahari of southwest Africa, the great Australian desert, and the Sonoran
desert of Mexico and the southwest United States are all related to cells of subtropical highs.
4.3.2

Widespread and persistent subsidence caused b y the thermal and dynamic effect of
topography and the sea/land distribution

The Qinghai-Xizang Gaoyuan (plateau) not only blocks the warm moist air from the south and
the cold air from the north, it also causes the stable high pressure subsidence which is the
main cause of the arid regions in Asia. Northwest China is surrounded by mountains and
plateaus. Xiao higgan ling, Yan shan, Taihang Shan, Qin ling, Bayan Har Shan, Kunlun Shan,
Tian Shan, and AltayShan bound the east, south, and west sides of this region. The north
side is the open, level Mongolian gobi and grassland. Further north are Tangnu Shan,Hangai
Shan, and Yabuluofu Shan. The above mountains and plateaus are surrounded by even higher
mountain and plateaus.
The moisture-bearing monsoon from the south is blocked by this environment while the cold
and dry air from the north meets no resistance and stays in this region. The consequence is
the arid climate.
Compared with other major topographic structures of the earth, the Qinghai-Xizang Gaoyuan
stands out as the one with the largest area, the highest elevation, the most complex Earth's
surface, and the lowest latitude. Therefore, its impact on the climate is most dramatic. Not
only the climate of eastern Asia but the climate of the entire northern hemisphere, to a certain
degree, is influenced by it. The arid lands of northwest China are located at its northeast side,
the thermal and dynamic effect of its topography is apparent.
Air pressure systems are created by the thermal and dynamic effect of the Qinghai-Xizang
Gaoyuan. The winter's mean high pressure system is created at the northeast edge of the
plateau. In the summer, the hot low pressure starts to form, and a high pressure ridge appears
at the northern edge of the plateau. This high pressure may be considered as the northern
boundary of the influence of hot low pressure system of the plateau. It is also the most arid
region in China.
As shown by the annual rainfall figures, the drought zone around Qinghai-Xizang Gaoyuan
extends northwestward from the valleys of the Ganges Thar Desert to the Iran-Afghanistan
border, then it goes north between 60-65°E to the desert in Central Asia and turns eastward
through northern Xinjiang and the China-Mongolia border to the area around 105°E, and then
turns south. This drought zone is roughly a square bounded by the lines of 25°N, 45°N, 60°E,
and 105° E. The west and north sides of this square are occupied by deserts.
The existence of the Qinghai-Xizang Gaoyuan and the consequent atmospheric circulation,
especially the downward movement caused by the earth rotation and plateau heating, are
probably the major causes of arid climate and deserts in Chinese Xinjiang and Gansu, Central
Asia, northwest India, Pakistan, and Afghanistan.
The cause of arid climate in North America is similar to that of Eurasia. The arid region is
situated at the western central portion of the continent. It is distributed mainly at inland
basins and plateaus of the Cordilleras which are located at the west of 98°W and between
20°N and 54°N. It appears on both temperate and tropical latitudes and is south-north
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oriented. This distribution is affected by the westwardly location of the Cordilleras. The area
in high latitude is in the west wind belt. The windward of mountains receives precipitation
when the moist Pacific air current blows to the east; the leeward of mountains is dry. The
moisture of the current decreases after crossing each mountain. When the air current arrives
at the east slops of the Rocky Mountains, it has already turned into dry air. In North America,
air currents of the low latitudes are from the east. The Sierra Madre Oriental obstructs the
moist air from the Gulf of Mexico, which results in an arid region between Occidental and
Oriental Sierra Madre. Southeast California is the driest place in North America. The annual
rainfall is only 38 mm. Labas, with an annual rainfall of 145 mm, is the driest place in Mexico.
In conclusion, the wide Cordilleras created mostly enclosed inland basins and plateaus; these
south-north oriented mountains coupled with the far-from-sea location cause the arid and
semiarid regions in North America.
There are some similarities between the causes of the formation of arid climates in South
America and North America. The west coast of South America is located at the subtropical
latitude which is controlled by the east wing of a subtropical high pressure, thus developing
a subtropical arid climate. In addition, the combined force of the cold Peru current and
upwelling cold sea water extends the arid region from south to north to 4-5°S, The Andes,
high and narrow from east to west, is very close to the coast. When the westerly wind
crosses the Andes, the east side of the Andes experiences arid climate because of the foehn.
The effect of the tonograph of patagonia and the passing cold ocean current blocks the sea's
influence and contributes to the formation of arid climate in South America's east coast. Arid
regions are almost nonexistent inland in South America, unlike in North America and Eurasia.
Deserts of central Asia are good examples of aridity caused by sea/land distribution. The arid
lands are located either at the centre of a continent or at a high altitude. The moist air of the
sea is unable to reach these regions. The deprivation of sea's moist air and the absence of
water vapour produce aridity.
4.3.3

Stable atmosphere or absence of rain-inducing disturbance

The paradoxical coastal deserts such as the Atacama of western South America, the Namib
of Southwest Africa (Namibia),and the coasts of northwest Africa and southern California,
lying adjacent to the moisture reservoir of the oceans, are among the most extremely arid
areas of the world with very low and irregular rainfall which even extends beyond the
mainland to off shore islands. In these regions any wind blowing on shore tends to do so
across cold currents produced by movement of water from high latitudes to low latitudes and
associated with the upwelling of cold waters from the ocean depths. Cold or cool winds have
a relatively small moisture-bearing capacity and become stable when warmed during their
passage over the land,therefore reinforce the stability produced by the global stability of these
latitudes (Goudie and Wilkinson, 1977).
Central North America and the summer of Mediterranean are often humid but rainless. Though
this type of aridity is due partly to the subsidence, but the main cause is the absence of the
cyclonic disturbances that bring the rains.
5.

SPACE-TIME CHARACTERISTICS OF DROUGHT

Drought can be considered one of the greatest natural disaster in the world, especially in
China. Among all natural disasters, droughts occur the most frequently, have the longest
duration, cover the largest area, and cause the greatest loss to agricultural production. They
also have potentially adverse environmental impacts.
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5.1

Frequency of Occurrence

Statistical analysis shows that 1,056 severe droughts occurred nationwide in China during
the 2,155-year period from 206 B.C. to 1949 A.D., an average of one drought every two
years.During the same period, 1,029 severe floods occurred. Table 5 indicates the frequency
and percentage of the major climate disasters that occurred in China from 1950 to 1980.
Severe drought occurred 231 times, accounting for 30.9% of all climate disasters, or an
average of 7.7 times each year. Among all floods, severe flooding occurred 175 times,
accounting for 23.4% of all disasters, or an average of 5.8 times a year.
5.2

Duration

Unlike other climate disasters, drought can occur at any time. It usually lasts for more than
a season, sometimes for several years or even decades. The most severe droughts, which
persist from season to season, have a great impact on agriculture. The frequencies of seasonpersistent drought in different regions of China are listed in Table 6.
Table 6 shows that the highest frequency of season-persistent drought is in south China and
the Huang-Huai-Hai plain in north China. For instance, the most severe spring-summer
persistent droughts in 1972 and 1980 were also the most severe drought years. In the
Huang-Huai-Hai Plain, the persistent period of drought was more than 160 days. The springsummer persistent drought in 1980 in northeast China lasted 170 days.
Sometimes drought persists for several years. For example, during the Ming Dynasty, the
drought from 1628 to 1644 was the most severe drought of the last thousand years in terms
of its length and scale and its effects on society. The drought started in 1627 and became
worse the next year. At first, drought affected north China and northern Shanxi Province,
where it continued until 1636. The drought then worsened and extended southward. It
affected nearly the entire country, except for northeast China,until it ended in 1645. The
persistent period of the drought was up to 18 years.
5.3

Spatial Extent

In China, droughts are generally considered to affect extensive areas while floods usually
inundate narrow or localized belt-type areas. Thus,droughts usually occur over vast areas.
According to the statistics from 1950 to 1989, the area of cultivated land affected by drought
on an annual basis averaged 20.677 million ha. This accounts for 6 0 % of the total cultivated
land affected by climatic disasters and 17.2% of the total area cultivated for grain. Among
the drought-affected areas, the drought-damaged area (defined as areas with a total grain
yield reduction of more than 30%) averaged 8.004 million ha. This accounts for 6.7% of the
total area cultivated for grain. During the severe drought years of 1959, 1960, 1961, 1972,
1978, 1986, and 1988, the cultivated areas affected by drought were 33.8, 38.0, 37.9,
30.7, 40.2, 3 1 . 1 , and 32.9 million ha, respectively, and the drought- damaged were 11.2,
16.2, 18.7, 13.6,18.0, 14.8, and 15.3 million ha, respectively.
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5.4

Multi-year Variation of Drought in the Past 500 Years

An index (l D ) was used to calculate the relative dryness/wetness for each year for the period
1470-1977 (508 years) from data for 100 stations, using the equation shown below.
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2
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where D=the total number of stations where drought and severe drought were recorded in
a given year; N=the total number of stations. ID then expresses relative dryness or wetness
for each year as the ratio of drought and severe drought stations to the percentage of the
total stations, times two. This index reflects the area affected by drought on a scale ranging
from 0.0 to 2.0, as shown in Figures 9a and 9b for eastern and northern China, respectively
(Zhang, 1981). An analysis indicated that during the past 500 years, the most severe
droughts occurred mainly in the sixteenth and seventeenth centuries and in the 1920s,
1930s, 1960s, and 1970s. The most severe drought years were 1528, 1640, 1641, 1721,
1785, and 1972.
The curves of ten-year running mean values of l D in east China, 1470-1977, and in the North
China Plain region, 1470-1949 (see Figures 9a, b, Chen, 1986), show that in these two
regions, three distinct periods can be identified in the past 500 years. The first one, lasting
for 213 years, was a dry period during which 10 severe drought years were identified. The
second period was wet, lasting for 199 years, during which only 4 severe drought years were
recorded. Since 1891,I D has remained higher, which indicates that a new dry period has
developed. Until recently, only 4 drought years had occurred. If a 200-year period is
considered the average persistent period for the alternation of dry and wet periods, the
present dry period can be expected to continue. The results above show that in the past 500
years, the sixteenth and seventeenth centuries turned out to be dry while the 18th and 19th
centuries were wet.In general, conditions during the twentieth century have been dry. It is
interesting to note that during each period a number of shift episodes of dryness and wetness
with time scales of 10-20 years have existed. The two most significant decade-long dry
episodes were from 1581 to 1590 and from 1634 to 1643. In particular, in the latter episode
in the eastern part of China, the number of stations where drought and severe drought were
recorded reached almost 50% of the total number of the stations. The same episode in
northern China appeared to be even worse, with most of the areas affected by persistent
drought, except over small portions of the region. This was considered the worst drought in
the past 500 years. Further analysis shows that the 7-year severe drought (1637-43) in
northern China originated in the northern part of Shanxi province in 1627 and ended in
Changsha, Human Province, in 1646, a total of 20 years. The economy in nearly 15 provinces
in the Yellow River Valley and the Yangtze River Valley was seriously affected.
5.5

Interannual Variation of Drought Occurrence in the Past 40 Years

The patterns of dryness and wetness displayed over the past 500 years have also been a
climatic feature of the past 40 years. As a whole, China was relatively wet throughout the
1950s and rather dry in the 1960s and 1970s. In the 1980s, the Yangtze River Valley and
Huai River Valley were wet while the northern and southern parts of China were dry. Present
conditions are relatively wet,but the region is still within a dry period. For China as a whole,
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the most severe and longest duration droughts observed in the past 40 years occurred in
1955, 1959, 1960, 1962, 1963, 1965, 1966, 1971, 1972, 1978, 1979, 1986, and 1988
(in total 13 years). Most of these droughts occurred in the 1960s and 1970s. Although
droughts can last for five to seven months or longer in some locations, they usually occur
from March to October and last for three to four months.
6.

IMPACTS OF DROUGHT

Compared to other natural disasters, drought is considered one of the greatest natural disaster
in the world. The importance of drought lies in its impacts on agriculture, specifically on
crops, trees, vegetation, and grassland. The indirect effects of drought often extend well
beyond the reduction of agricultural output, at times leading to famine, the spread of
refugees, social instability, and even death. Desertification and the decrease of water
resources are also indirect effects of drought. Severe water shortage and expansion of
desertified land have become shackles on economic development in the world.
6.1

Drought and Agriculture

Water is an important element in the agricultural environment. A certain amount of water is
indispensable in every stage of plant growth. The availability of water exerts influences upon
all the aspects of biological substances. Water is considered the raw material for producing
organic substances. Continuous water supply is indispensable for the photosynthesis of crops
to form organic substances. Plant, mainly through its roots, absorbs water from soil and
transports the water to its various parts through its internal transport system. A small part of
the water absorbed is converted into new organization and most of it is transpirated by leaves
to maintain a normal physiological state. The drought damages to crops are induced by the
loss of water balance within the body of plant.
The state of water within the body of a plant is subject to the budget of water. Lack of water
in soil will result in the situation that less water is absorbed by the roots of plant while more
are transpirated by the leaves. As a consequence, the water budget within the body of a plant
will lose balance and lead to water deficit. Usually the rate between water transpiration and
absorption under normal plant growth conditions is slightly less than one. With the occurrence
of drought it approaches to one. When the rate is greater than one, wilt will occur. Therefore
drought disaster is firstly induced by low water content of soil. When effective moisture in
soil decreases to a certain degree, plant roots are hindered from absorbing moisture and plant
begins to wilt. The moisture content rigging wilt is identified as wilting coefficient. If the
moisture is further reduced in soil, the plant will accelerate wilting until it will no longer
recover even under the air environment of 100% humidity. Here we can note that permanent
wilt may bring severe damage to plant. In a word, drought brings about disasters through
damaging the moisture balance in the soil-plant-atmosphere system. Therefore the major
factors controlling the intensity of agricultural drought can be identified through the analysis
of this system.
Based on statistics from 1950 to 1979, climate disasters in China resulted in a total grain
reduction of about 3062.2x10 8 kg, or 4.8% of the total grain output in China during the
period. The annual average loss of grain was 102x10 8 kg. Table 7 gives the reduction of grain
yield for the period 1950 to 1979, by climatic disasters. It is obvious that the greatest
reduction was caused by drought. The total loss due to drought was as high as 1532x10 8 kg,
or 50% of the total grain loss (Shen, 1982).
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The periodicity of drought-affected and drought-damaged areas in China has been significant
in the last 40 years. During this time, three wet periods and three dry periods occurred. The
periods of 1958-62, 1971-81, and 1986-88 were observed as significant drought periods
(i.e., more than 20 million ha were affected). During the periods 1950-57, 1963-70, and
1981-85, less than 20 million ha were affected. In total, seven severe drought years(i.e.,
1959,1960,1961,1972,1978,1986 and 1988) were recorded during the significant drought
periods. In each instance, the drought-affected areas encompassed more than 30 million ha.
The frequency in the occurrence of drought-affected and damaged areas in China seems to
have increased during the last 40 years. Averaged by decades, the drought-affected areas in
China from the 1950s to 1980s are 12.6, 21.7, and 24.1 million ha, respectively. Although
the area affected in the 1980s was slightly less than that in the 1970s, it still represents a
considerable increase over the 1960s and 1950s. This trend is consistent with the general
trend of summer aridization in China (Song, 1991).
6.2

Drought and Famine

The shortage of food and herbage caused by drought often results in famine, pestilence, and
death in countries and regions that are less economically developed. Although based on
incomplete data (Chen, 1986), research shows that drought-related death tolls of more than
1000 persons were recorded 24 times in China for the period from 180 B.C. to 1949 A.D.
The total death toll during this period was 11.854 million.
Figures 9a and 9b depict the 10-year moving average of the drought index (lD) in eastern and
northern China, respectively. This figure indicates the size of the areas affected by drought.
Figures 9c and 9d represent the 10-year moving averages for the number of famine-stricken
and locust-stricken counties, respectively. The number of counties seriously affected by
famine is in general agreement with the variation of l D . The positive relation between famine
and drought is significant: the correlation coefficient is 0.413 and the level of significance is
or=0.01. Figure 9a shows that the eastern part of China was arid from 1479 to 1691 and in
the post-1891 period, but wet from 1692 to 1890. The situation was similar in northern
China. During the arid period, 1479-1691, China experienced its most severe arid stage of
the last 500 years, extending from 1637 to 1643. The area affected and the duration was
also the greatest on record. This period also records the largest number of counties
experiencing severe famine.
Another severe drought appeared in China from 1875 to 1895, during a climatically humid
period. The most severely affected areas were in northern China, the Loess Plateau, and the
middle and lower reaches of the Yangtze River. Severe famine was recorded as a
consequence of the drought. Drought conditions can also result in the spread of locusts
(Figures 9b and d). The correlation coefficient is R=0.423, the level of significance 0.01. This
clearly indicates that drought provides favourable climate conditions for the occurrence and
development of locust disasters.
6.3

Drought and Water Resources

In addition to having impacts on agricultural output, economy, and society, drought also
influences water quantify and quality. In the analysis of droughts, Dracup and Kendall (1990)
found that potential variation in hydrologie droughts due to climatic change could be severe
and significant. Changes in the mean annual streamflow of a region of only ± 1 0 % could
cause changes in the drought severity in the range of 30 to 115%. The following is a brief
introduction to impact of drought on water resources in China.
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6.3.1

Persistent decrease of water resource

Although China's total water resources are extensive in comparison to other countries, the
nation's per capita water resources are less than the world average. Total precipitation in
China is 61,889x10 8 m 3 , with annual average precipitation of 648 mm, or 19% less than that
of the land surface of the earth. The annual average runoff volume in China is 26,532x10 8
m3, the sixth highest amount of runoff in the world. The unit area runoff yield is only 276 mm
in China, less than any other region except Africa and the south Arctic. The amount of water
available per capita in China is only 2,670 m3--about one-fourth of the world average. Thus,
water resources in China are short, and drought has worsened the problem, especially in north
China. For example, water resources in China total 509x10 8 m 3 . In ordinary drought years,
the total amount is 372x10 8 m 3 , which is 26.9% less than the long-term average. However,
in extreme drought years, the total is only 275x10 8 m 3 , which is 4 6 % less than the average
value.
6.3.2

Reduction of surface runoff and total amount of water resources in northern China

As a result of drought, water shortages have occurred widely in northern China in recent
years. For example, the water resources of northern China since 1955 have decreased at a
rate of 9.3 billion m 3 per decade. In the severe drought years of 1965, 1968, and 1972, the
total volume of water resources in north China was only 30.0 billion m 3 (Song, 1991). Table
8 gives the average values of surface runoff in each decade in the Yellow River Valley of
northern China, 1956-84, and their ratio with normal. This table shows that the runoff volume
decreased from the 1950s to the 1980s. Runoff volume decreased most significantly in the
lower reaches of the Yellow River, from 142 million m 3 in the 1950s to 54 million m 3 in the
1980s.
In northwestern China, a gradual decrease in runoff volume was recorded in the past few
decades. The decrease is demonstrated by the abundant runoff in the 1950s, volume decline
in the 1960s, and the decrease of runoff after the 1970s. The decrease is more significant
after the runoff enters the plain areas and the impacts of human activities are introduced. For
instance, in Xinjiang Province the total annual runoff volume was reduced from 80.51 billion
m3 in the 1960s to 72.45 billion m 3 in the 1970s, a reduction of about 10%.
6.3.3

Changes in surface water supplies

The total area of lakes in China is about 71.787 thousand km 2 . Lake water volume totals
708.8 billion m 3 , of which fresh water accounts for 226.1 billion m 3 . In the last 40 years, as
a result of climate and human activities, the number of lakes has been declining. The water
levels and sizes of many inland lakes in northern China are the result of the relationships that
exist between precipitation, evaporation, and inflow within the drainage basin. These lakes
are rather sensitive indicators of the changes in climate and environment. Data collected on
water levels and size of lakes in the region illustrate that many lakes are decreasing in size,
and some have dried up.
6.3.4- Recession and thinning of glaciers
The accumulation and recession of glaciers is mainly the result of long-term changes in
climate. At present, most of the glaciers in China are retreating and thinning and the snowline
is rising, largely as a result of reduced precipitation and higher temperatures. Data indicate
that the glacier areas of northwestern China have been reduced greatly in the last 500 years,
and particularly in the last 100 years, when the rate of reduction accelerated significantly.
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As shown in Table 9 (Wang, 1992), the glacier area has been reduced by 26%, about 9,800
km 2 , in the past 500 years. Further calculation indicates that in the most vigorous period of
glacier expansion in the past 500 years, the glacier area reached 38,000 km 2 , about four
times the present area. However, the amount of change differs greatly between glaciers.
Smaller glaciers are reduced proportionately faster. Moreover, data analyzed for the past 40
years show that from the late 1950s to the 1980s, about 44.6% of the 23.9 thousand
glaciers in northwestern China were retreating, 25.7% were advancing, and 29.7% were
either stationary or their classification was unknown. On average, the receding rate was about
10-20 m per year. Recession rates were most rapid, over 100 m per year, in the Kunlun
Ranges and receding rate was most rapid in the Tianshan Ranges and the Qilianshan Ranges.
6.3.5

Persistent decline of groundwater resources

The annual variation of groundwater resources is closely related to precipitation. As a result
of persistent drought, groundwater recharge is reduced greatly, resulting in a lower table. For
example, the persistent drought that extended from 1980 to 1984 in northern China resulted
in low groundwater levels for 5 consecutive years. Since most of the cities in China are
dependent on groundwater, more than 200 cities are now facing water shortages caused by
urban population growth and rapid industrial development. Of these cities, 40 are suffering
from serious water shortages. In particular, in the last 10 years, groundwater levels have
dropped rapidly and many funnels have developed. This situation could be attributed to
persistent drought conditions in northern China in recent years (i.e., a dramatic reduction of
precipitation in Beijing, Tianjin, Hebei Province, and Shandong Province). Extraction of
groundwater has been excessive and replenishment has been insufficient. For example, in the
last 10 years, natural water resources have been reduced by 16.2 billion m 3 in the Beijing
area. As a consequence, the excessive extraction of groundwater has caused its level to
decline at a rate of more than 1 m per year and led to the development of a large funnel of
1,000 km 2 . In the central part of the depression area, the groundwater level has declined
more than 20 m. In Hebei Province, 23 funnels have been found in recent years, totalling
26,766 km 2 , and groundwater levels were lowered by 16.5 m, about 1.38 m per year.
6.4

Drought and Desertification

Excessive human economic activities are the inductive factors causing desertification-prone
lands, but the natural factors, especially drought, wind érosion et al, are the basis of the
occurrence and further development of desertification-prone lands. Only when both human
and natural factors are combined, the occurrence and development of desertification-prone
lands are possible. From the late 1960s and continuing for about 20 years, severe drought
persisted in western Africa/resulting in the severe desertification of parts of this region.
According to Zhu et aid 989), the southern edge of the Saharan desert expanded southward
by 100 km to encompass an additional 0.65 million km 2 of land area during the last fifty
years.
In 1975, UN General Assembly adopted the No. 3337 Resolution to combat against
desertification and sponsored UN Conference on Desertification Control in 1977 in Nairobi,
Kenya. In 1982, UNEP organized a special meeting for the tenth anniversary of the Stockholm
Session on human-environment and it was pointed out that during the last decade (19721982), desertification is still a serious problem which destroyed the productivity of land and
degraded the fertile soils year by year (see also paragraph 3.3 above).
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It appears that the land area affected by desertification in China will continue to expand
because of poor land use practices, the occurrence of drought, and wind erosion. From a
comparison of two aerial photographs taken in the 1950s and 1970s, it is estimated that
desertification-prone lands have increased from 137,000 km 2 to 176,000 km 2 , an increase
of 39,000 km 2 within 25 years, or an average of 1,560 km 2 per year. In addition to the role
played by human activities, the apparent aridization trend in northern China is also an
important contributor to this expansion of area. Therefore, without appropriate human
response, the process of desertification will undoubtedly continue to affect larger areas.
7.

MONITORING, CAUSES AND PREDICTION OF DROUGHT

7.1

Monitoring and Early Warning of Drought

As noted earlier, the onset of drought is gradual and its intensity develops slowly over a
prolonged period of time. These features of drought have made monitoring drought conditions
a difficult task. In general, two types of monitoring systems exist: surface observation and
satellite/remote sensing networks. Using both of these methods, a three-dimensional
monitoring system is established that is characterized by combinations of ground-based
observation and space-based and mobile observation facilities. These networks are capable
of monitoring all the critical elements associated with drought, including precipitation, surface
water, soil moisture, crop water requirement, groundwater, irrigation, and drainage. In
addition, drought indexes can be calculated using data collected from these networks. In
drought monitoring, it is essential to establish appropriate and reliable drought indexes for
different user groups. It is also important to transmit this information in a timely fashion via
a suitable telecommunication system. A properly organized delivery system is essential for the
monitoring and early warning system to be effective as a disaster mitigation tool. On the basis
of the information generated through this system, emergency activities can be better
coordinated. This information, used in combination with weather/drought forecasts, can
provide decision makers with information needed for disaster management and also provide
a scientific rationale for government, agricultural, water conservancy, and other sectors to
make short-, medium-, and long-range decisions.
Monitoring by remote sensing techniques is most appropriate for detecting the status of crop
growth, soil moisture, évapotranspiration, and precipitation. Using a surface observation
station network and remote sensing techniques, the development and spread of drought
conditions can be monitored in a routine and cost-effective manner. Since 1979, the
Assessment and Information Services Centre (AISC) of the NOAA/NESDIS has been providing
drought early warning alerts and climate impact assessments to national and international
agencies that require such information for disaster preparedness and agricultural assessment
(Sakamoto and Steyaert, 1987). The Drought Early Warning program of AISC is an operational
program that includes assessment modelling, assessment reporting, and development of
technical assistance in less-developed countries. It involves several subsystems, including new
satellite assessment models that are supplemented by conventional ground-observed
meteorological data. Technical assistance to developing countries is an important part of the
AISC program. The goal is to assist developing countries in implementing their own early
warning crop monitoring system.
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7.2

Possible Causes of Drought

The largest non-seasonal variable climate signal is the interannual, which, particularly in some
tropical regions, may be larger than the annual or seasonal signals.Year-to-year variations in
earth's climate have great economic importance. A growing body of evidence emerging from
observations indicates that interannual climate changes in ASA and some monsoon regions
of the world are related to year-to-year variation in the tropical ocean and the overlying
atmosphere (Houghton, 1984; WMO, 1985).
The relationship between the ENSO and the rainfall in India has been studied by many
researchers. Bhalme et al. (1983) suggested that the period of 3 to 6 years recurrence of
large-scale drought might be linked to the ENSO phenomenon. Rasmusson and Carpenter
(1983) indicated that a poor monsoon year was usually associated with positive sea surface
temperature (SST) anomaly in the eastern tropical Pacific ocean. For example, the JuneSeptember rainfall was found to be below the median value in 21 of the 25 warm episode
years. A study by Shukla and Paolino (1983) showed a high degree of confidence of using
the tendency of the Darwin pressure anomaly as an indicator of monsoon rainfall anomaly.
Correlation between the ENSO and rainfall in Africa has been examined in recent studies by
Nicholson and Entekhapi (1987), and Ogallo (1988). The studies found that the interannual
rainfall variability was related to and strongly influenced by large-scale atmosphere-ocean
fluctuations. For example, in the sub-Saharan zone, several extremely dry years coincided
with the occurrence of ENSO. During the period of 1875-1978, 22 of the 28 ENSO events
in the southeastern Africa were accompanied by below normal rainfall. In addition, 12 of the
22 driest years for this period were ENSO years. The annual cycle of Africa rainfall and its
interannual variability were also investigated by Janowiak (1988). In northern Africa during
summer, no apparent association between rainfall and EN was detected. However, an
association was found between the rainfall anomaly in western Africa and the northern
Atlantic SST anomaly during summer.
Inter-relationship has been shown to exist between droughts in north-east Brazil and Chile and
floods in Peru and Ecuador on the one hand and the characteristics of ENSO events on the
other (Kousky, 1985). During December-February 1982-83 when ENSO reached its peak in
the eastern Pacific, large rainfall occurred in Ecuador and northern Peru. The correlation
between the drought and ENSO has also been found to be significant in Australia, Indonesia,
New Zealand and other southwestern Pacific regions (Holland, 1986; Gorgon, 1986; Molière
and Robert 1986). In addition, the ENSO is found to be one of the major factors in influencing
interannual climate variations, especially rainfall; in general, ENSO years are associated with
below normal rainfall. Comparative studies of the two strongest ENSO events of 1877-78 and
1982-83 have been performed by CAC (1983), and Kiladis and Diaz (1986). The studies
found that both events were associated with drought conditions in Indonesia, India, southern
Africa, much of Australia, northeastern Brazil and Hawaii.
Studies about the link between ENSO and midlatitude rainfall have been conducted by
Rasmusson and Wallace (1983), Kousky et al. (1984), Ropelewski and Halpert(1986). For
example, the latter study investigated the typical north American precipitation and
temperature patterns associated with the ENSOs. The analysis suggested that, for the area
of the southeast United States and north Mexico, above normal precipitation is associated
with ENSO in 18 out of the 22 cases for the season starting with October of the ENSO year
to March of the following year. The feature was also found in the Great Basin area of the
western United States in 9 out of 11 cases for the period April through October during ENSO
years.
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There were also many studies concerning the importance of ENSO to climate in China (Fu and
Li, 1978; Li and Chen, 1979, 1980; Wang and Zhao, 1981; Guo, 1987; Li et al, 1990; Li,
ed, 1992). These studies suggested that the summer precipitation in the eastern China is very
sensitive to SST in the eastern equatorial Pacific. Li and Wang (1988) analyzed the
precipitation fluctuations from 1951 -1987 over semiarid region in Northern China, the feature
is the consistency of the variation of precipitation anomaly among the stations and their close
association with ENSO. The data show some notable precipitation deficiency years which
correspond to the ENSO years. They have also examined the 1877-1979 dryness/wetness
index of 13 stations in the semiarid regions. The results suggested that 19 of the 29 ENSO
events during the last 100 years were accompanied by large scale rainfall deficiency in this
region. In particular, during the years 1877, 1891, 1899,1941,1965 and 1972, more than
70% of the area were in dry condition. The cross-spectrum analysis between El Nino/SO index
and precipitation fluctuation of this region suggested that there exist 2-3 years quasi-periodic,
the precipitation fluctuations appear to be significantly correlated with ENSO in the low
frequency. The phase spectrum indicated that the variation of EN/SO precede the precipitation
by 2-5 months.
What is the cause for such an association between the precipitation in semi-arid regions and
ENSO? Studies have shown that there are close relationships between the intensity and
location of the western Pacific subtropical high and the SST in the equatorial oceans (Fu and
Li, 1978; Li and Chen, 1979). Both the subtropical high and the SST have an oscillation of
a period of 3 years with the variation of the former lagging that of the latter. The SST is
influenced by the intensities of North Equatorial current and counter current, South Equatorial
current, the mean meridional circulation and mean zonal circulation along the Equator over the
Pacific, all of which have a quasi-period of 3 years (Fu and Su, 1981). The variation of SST
in equatorial Pacific can also influence the pattern and the intensity of Hadley and Walker
circulations with subsequent influence on the subtropical high (Fu and Zhao, 1979; Kousky
et al., 1984). The meridional (South-north) temperature gradient will become larger and the
zonal (east-west) temperature gradient along the equator will become smaller when SST
anomalies in equatorial region of the eastern Pacific changes to positive during E1 Nino year.
These imply that the Walker cell becomes weaker and the Hadley cell becomes stronger,
which induces a stronger intensity of subtropical high. It is also known that the western
Pacific subtropical high has a predominant influence on the summer monsoon and precipitation
of east Asia. The rainfall belt lies about 8-9 degrees of latitude north of the subtropical high
generally. Ye (1987) has reviewed the studies of the correlations between the SST anomalies
in eastern equatorial Pacific and the surface pressure anomaly. The results indicate that the
variation in intensity of the subtropical high in the eastern Pacific leads that of SST and the
variation of SST leads that of the intensity of subtropical high in western Pacific. They all
have a complete cycle of 3 years. Consequently, it is not surprising that in the study the
precipitation over semiarid and monsoon region in China, which has a 2-3 year predominant
period, is closely associated with the ENSO (Li and Wang, 1989).
In addition to empirical evidence, theoretical arguments also support the idea that the
atmosphere and ocean interact more effectively in the tropics. The vanishing of the Coriolis
force allows the trapping of basin-wide longitudinal oscillation modes in the vicinity of the
equator. Thus the tropical oceans exhibit a relatively fast dynamic and thermal response to
atmospheric circulation and allow a strong coupling between the atmosphere and ocean
(Houghton, 1984).
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7.3

Desertification, Drought and Climate Change

The Sahelian drought prompted much speculation that land-use changes is the cause of the
growing desiccation. Questions were raised as to whether human misuse is responsible for
desertification and as to whether rainfall is reduced further by desertification then feedback
on the climate (fig, 10). Most recent attempts to answer such questions have been related to
the feedback processes that may augment or retard a naturally induced climatic variation
along the desert margin. The anomalous climate, especially in sub-Saharan regions, seems to
have existed for several years, sometimes as long as a decade or more. The cause of the
persistence of this anomaly is a positive feedback mechanism involving the energy balance
and water balance at the surface and lower atmosphere (Otterman, 1974; Charney, 1975;
Sud, et al, 1982).
The feedback mechanisms responsible for the persistence of droughts in semi-desert regions
start with a change in one or more of the parameters of the energy and water balance
equations at the beginning of the drought which leads to changes in other parameters and
results in a lasting change of the energy or water balance at the surface (Fig. 10).
11 sensitivity experiments made with general circulation models were compared by Y. Mintz
(1984) in order to determine the influence of land-surface boundary conditions on rainfall,
temperature, and motion fields of the atmosphere. All experiments proved that the
atmosphere is sensitive to land-surface évapotranspiration. Changes in the available soil
moisture or changes in the albedo (which affects the energy available for évapotranspiration)
will produce large changes in the numerically simulated climates.
7.3.1

Vegetation-Albedo-Climate Change

Charney (1975) has demonstrated that a deterioration of vegetation conditions in grasslands
and forests may alter albedo, surface roughness, wind erosion, and soil erosion
characteristics of the surface. Through deficiencies of moisture and energy feedback,
precipitation may be further reduced, with subsequent negative impacts on vegetation
conditions (see Figure 9). Numerous studies have shown that much of northern China, in
particular the semiarid regions like the Yellow River Valley, Loess Plateau, and the western
part of Inner Mongolia, used to be a dense forest. In 850 B.C., the forest coverage in these
areas accounted for 53% of the land area (State Science and Technology Committee of the
PRC, 1990). In the past several thousand years, particularly the most recent 200 years,
forests and grasslands have deteriorated significantly and have contributed to the aridization
of northern China. Further studies of this feedback process are needed to fully understand
these inter-relationships.
Sagas et al (1979) have considered the influence of anthropogenic albedo changes on the
earth's climate. They proposed that the desertification and the disappearance of tropical
forests caused by man has resulted in climatic modifications in tropics. According to Sagas
et al(1979), desertification and the clearance of tropical forest have increased global albedo
by 0.004 and 0.001 respectively over the past few millennia. They further suggested that a
surface temperature change of about 2°C will result if the global albedo changes from its value
of 30 percent by 1 percent. Therefore during the past several thousand years, the earth's
temperature could have been depressed by about 1 °C due primarily to desertification. Landuse changes during the past 25 years have increased global albedo by about 0,001 which
would have depressed global temperature by about 0.2°C despite an accelerated increase of
carbon dioxide in the atmosphere.
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7.3.2

Vegetation-Soil Moisture-Climate Change

Soil moisture causes climatic change latently through the budget of water and energy of the
land surface. Change of soil moisture has an impact on the moisture flux. Evaporation of soil
moisture affects the climate in two ways. First, it provides the water vapour to the
atmosphere, which can eventually return as precipitation. Second, it removes energy from the
surface, thereby changing the energy balance and influencing the surface exchange
processes of water and energy (Carson, 1981).
Walker and Rowntree(1977) and Rowntree and Bolton (1978) applied a limited area elevenlevel baroclinic model to part of Africa to test the effect of variable soil moisture on rainfall.
The results show that no rainfall occurs if the Sahara is assumed dry initially, but major
depressions will develop and widespread rain will be produced if the surface of the Sahara is
wet with 10 cm of moist soil. In an experiment of extreme conditions, Shukla & Mints (1984)
run one model with all land surface fully vegetated and wet and another model with all land
surface bare and dry. Although the boundary conditions imposed are quite unrealistic, but the
results are very instructive. Europe, Asia and North America receive high rainfall in the wet
case. In the dry case, there is almost no rainfall except southeast Asia, India, central Africa
and the central Americas where water vapour is transported from the oceans to produce
heavy rains.
7.3.3

Vegetation-Roughness-Climate Change

Sud and Smith(1985) concluded from numerical experiments that roughness of the Earth's
surface in the Sahara desert has an effect on climate comparable to that of an increase in
surface albedo. They hypothesized that the biogeophysical feedback effect of land surface
roughness is a partial contributor to the observed spread of the Sahara and other deserts,
such as the Thar desert in India, into neighbouring arable regions. Presumably, the surface
roughness feedback mechanism in conjunction with the surface albedo and soil moisture
feedback mechanisms is a significant determinant of recent persistent drought in Sahelian
Africa. As vegetation dies with the formation of deserts, a reduction in surface roughness
follows and soil erosion ensues. Sud and Smith inferred that the smoothness of the land then
causes reduction in rainfall and further promotes desertification.
The above extremely interesting conjecture leads to the problem of wind erosion. Is it possible
to predict the erosion of soil by wind? Berkofsky (1976) had formulated a simple
mathematical formula for the prediction of dust concentration near the ground. The dust
concentration is a function of the surface roughness.
7.3.4

Desert Dust and Climatic Change

In addition to the increased study of desert dust, man's action as a creator of desert dust and
the effect of desert dust on man's activities and health also gained interest. Vegetation has
been destroyed by extensive grazing and wood cutting in India and in the Sahel of Africa. The
creation of vegetation-free or near vegetation-free surfaces in arid or semiarid regions is a
cause of desert dust.
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The effect of desert dust on climate is a subject of active research. Before 1970, atmospheric
dust was generally considered to have a cooling effect on world climate because of an
increase in back scatter to space and solar radiation due to concentrations of soil and
industrial particulate in the atmosphere. Recent studies revealed that the opposite may
happen. The low-level dust in the atmosphere tends to warm the earth for two reasons. First,
if the ratio of the absorbing to backscattering coefficients of the dust particles for solar
radiation is great enough, less solar radiation will actually be returned to space, and a warming
will result. Second,atmospheric dust may have a "thermal blanketing" effect that may act to
reduce the loss of terrestrial thermal radiation to space by somewhat "closing" the so-called
atmospheric window, thereby create a net warming effect (Ensor et al, 1971; Pewe, 1981).
7.4

Drought Prediction

In addition to a knowledge of historical drought occurrence and patterns, an understanding
of the causes of drought is critical to our ability to predict its occurrence. Drought results from
extended periods of below-normal or anomalous precipitation. These precipitation anomalies
are the result of large-scale anomalies in atmospheric circulation patterns that become
established and persist for months, seasons, or years. Efforts should be made to identify and
understand the unique short-term and long-term features of climate that result in drought.
Variations in atmospheric energy are thought to contribute to short-term climate variability.
Unlike short-term weather processes, which is a closed energy system, the energy factors
affecting long-term processes are found outside the atmosphere. On this basis, the underlying
surface, in particular the ocean surface, which accounts for more than 7 0 % of the earth's
surface, is considered to be the source of heat and moisture affecting atmospheric movement.
Numerous studies indicate that the thermal anomaly of surface forcing, such as ocean
currents, sea surface temperature, sea ice, ice coverage, soil temperature, and soil humidity,
can result in significant changes of atmospheric circulation. Compared with atmospheric
circulation, such forcing changes slowly, persists for longer periods, and has a longer memory
than the atmosphere. The signal from tropical oceans is strongest. ENSO (El Nino/Southern
Oscillation) events are the most obvious example of interannual changes in climate. These
events may be a key factor in controlling interannual changes in climate on the regional and
global scale. Time-lagged teleconnections could be an essential part of future predictions of
climate. Recent studies show that ENSO events are associated with drought in northern
China, northern Africa, Australia, and India. Greater attention needs to be focused on these
relationships in the future.
8.

RESPONSE TO DROUGHT AND ITS MITIGATION TECHNOLOGY

Experiences from many regions of the world, including China, indicate that many of the
impacts associated with drought can be mitigated. This is true even in extremely arid regions
where annual precipitation is below 100 mm. For instance, a highly modern production
agriculture has been successfully developed in very arid regions such as Israel, Saudi Arabia,
and the United Arab Emirates. In these regions, grain, vegetable, fruit, and flower production
have achieved high outputs, and such products are exported in large quantity. These facts
have challenged the conventional concept that it is impossible to develop agriculture in very
arid regions. The successful exploitation of agriculture in these regions is of great strategic
importance; it is a high point in the human struggle to conquer drought. The American
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experience in dealing with drought disasters in extensive areas emphasizes that proper policy
and planning for drought are an effective way to improve the ability of government to assess
and respond to drought (Wilhite, 1991). Actions such as drought policy and planning,
comprehensive control of drought, water-saving agriculture, dryland farming, and prevention
of desertification should be a high priority for China's government and other countries.
8.1

Drought Policy and Planning

In a recent comparative analysis of drought policy in the USA and Australia. Wilhite (1987,
1991) separated the features of that policy into three components: (1) organization, (2)
response, and (3) evaluation.
Organizational components were considered to be planning activities that would provide
timely and reliable assessments and function as a drought early warning system, and
procedures for a coordinated and efficient response, such as drought declaration. Many of the
organizational features could form the foundation of a drought plan, either at the national,
subnational, or supranational level.
Response components refer to assistance measures and associated administrative procedures
that are in place to assist individual citizens or businesses experiencing economic and physical
hardship because of drought.
Evaluation of organizational procedures and assistance or response measures implemented to
mitigate some of the hardships of drought is the third component of drought policy. Postdrought evaluations should be initiated in the recovery period to determine if the instruments
of drought policy were successful, and if not, how policy and programs should be modified
to ensure a more suitable response to the next episode of severe drought.
The drought planning is presented by Wilhite (1987, 1991) as a process involving ten steps
(Fig. 11). A drought plan should have three primary organizational tasks: monitoring,
assessment of impact, and response. The ten-step drought plan development process reported
is intended to improve mitigation efforts through more timely, effective, and efficient
assessment and response activities. This "plan" could serve as a model for drought planning
at various levels of government and in various socioeconomic and political settings.
8.2

Comprehensive Control of Drought

Combatting drought should be undertaken primarily through protecting ecosystems (Zhang,
1988). This can be accomplished in several ways. First, soil should be protected, since proper
water conservation practice can reduce the potential impacts of drought. Second, the
vulnerability of each eco-environmental system to drought should be established. In other
words, research should be conducted on various crops and forage grasses, given the various
climatic characteristics of different regions, in order to determine the best or most suitable
varieties, both from an environmental and economic point of view. These varieties should be
introduced widely to achieve a system integrated between cultivated agriculture, forestry, and
animal husbandry. This strategy, coupled with proper management techniques and water
conservation projects, can be used to establish a sustainable form of agriculture. In addition,
the demand for water in drought areas can be reduced and comprehensive measures can be
taken to adjust water diversions within regions. In China and elsewhere, numerous projects
of this type have been successful. These experiences, if well documented, can be applied to
other regions of the world.
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8.3

Agricultural Water Conservation Techniques

Water-saving agriculture is suitable for implementation in irrigable but water-deficient areas.
This type of agriculture incorporates a wide range of on-farm water conservation techniques
into a single scheme (e.g., improved irrigation efficiency, water harvesting, improved
cultivation and land management practices, selection of more drought-resistant crops). Water
shortages will continue to worsen and will be a significant problem in China for many years.
Therefore, improved water conservation practices in both rural and urban settings should be
considered as one of China's basic national policies. Agriculture is the major water consumer
in China, with an annual consumption of approximately 400 billion m 3 , about 8 0 % of the total
national consumption. Much of this water is used to irrigate crops. A rather modest reduction
in the water used by agriculture, a 10-15% improvement in irrigation efficiency, for example,
could save tens of billions of cubic meters of water.
Many research institutes of the Chinese Academy of Sciences and the Chinese Academy of
Agricultural science have conducted a great deal of research on water-saving techniques and
demonstrated and promoted these techniques in the Huan-Huai-hai Plain region. This work has
been very successful. It is estimated that if these results were applied throughout the whole
region, irrigation efficiency would increase by 20% and grain output would increase by 9.5
billion kg. Expressed in terms of water savings, about 10 billion m 3 would be saved, which
is equivalent to the amount provided by 20 large reservoirs or 500,000 wells. These results
clearly demonstrate the economic benefits of water conservation.
8.4

Dryland Farming

The drought area in northern China, identified by annual precipitation of less than 650 mm,
accounts for about one-half of the nation's total area, or a cultivated area of approximately
900 million mu 1 . This represents about 6 1 % the nation's total cultivated area. About 4 0 %
of this area is irrigated; the remainder is non-irrigable. Given the water shortage problems of
China and the nation's ongoing problems with drought, it is critical that agricultural water
conservation measures be applied to irrigated lands and that scientific dryland farming be
widely used on non-irrigated lands.
The primary purpose of dryland farming is to increase the efficiency of precipitation by
improving infiltration and reducing evaporation from the soil surface. Most parts of China are
dominated by a monsoon climate that is characterized by the uneven distribution of annual
precipitation. Therefore, the water supply in the dry season or during drought periods depends
mainly on the precipitation accumulated in the soil root zone during the rainy season. The
soil's water-holding capacity is immense. According to figures calculated by Loud 989), the
water-holding capacity of 2 m may be as high as 550-600 mm (i.e., one mu of farmland may
store 360-400 m 3 of water). In other words, about 9 million mu of cultivated land in northern
China may store 330-540 billion m3 water, roughly equivalent to the total surface water
resource, 510 billion m 3 , in northern China. Therefore, soil is considered to be a reservoir, and
many measures are applied to increase the volume of water stored in the soil.

Mu is the Chinese unit of area. One mu=0.0667 ha.
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In recent years, the research institutes that are part of the Chinese Academy of Sciences and
the Chinese Academy of Agricultural Sciences have undertaken a number of systematic
studies on dryland farming. Experiments for fixed point observation at multiple sites have been
conducted on the moisture dynamics of farmland, moisture balance, and agricultural
productivity potential for many years. These studies have analyzed the spatial-temporal
variation of moisture in dryland soil, periods of moisture deficiency, and characteristics of
drought and soil moisture deficiency. In addition, the évapotranspiration rates of the major
crops have been determined, along with water use efficiency, crop coefficients, and the value
of additional precipitation. Through these studies, a number of approaches for increasing
water efficiency have been suggested, such as adjusting agricultural structure, fertilizing soil,
optimizing crop patterns, and using chemical preparations. In addition, a number of techniques
for adjusting and controlling moisture on various farmlands have also been studied and have
achieved significant results for saving water and increasing productivity. The overall results
show that a 6 0 % potential increase of agricultural output is possible in the arid area of
northern China.
8.5

Recovery and Control Measures of Land Desertification

Based on the experiences (Zhu et al, 1989) in working with desertified land areas, the
rehabilitation process should focus on two objectives-ecological improvement and economic
benefits. These objectives should strive to develop a more appropriate (sustainable) system
of land use. Decisions regarding the development and use of desertification-prone land areas
should be made with careful consideration given to protection and rehabilitation. Two models
for the rehabilitation of desertified lands are the readjustment model, to be used in cases of
latent and ongoing desertification, and the rehabilitating model, for application to the most
severely desertified land areas where the focus is on reestablishing the ecosystem
(Zhu, 1990).
Strategies to mitigate desertification should be considered in a systematic way. These
strategies represent complex engineering problems that require an integrated, interdisciplinary
approach to be successful. It is critical that a master plan be developed for the rehabilitation
of ecosystems in arid and semiarid zones. Given the importance of economic development in
China, afforestation and animal raising should be emphasized, along with the creation of a
diversified economy. Simultaneously, population growth should be controlled in order to
reduce the pressure on the land. Energy efficiency in desertified land areas should be improved
to put an end to the undue collection of fuelwood and destruction of vegetation.
Among specific measures to combat desertification in marginal dry farming areas, particularly
in semiarid zones, it is imperative that China (1) adjust current dryland farming systems, (2)
adopt natural preservation, (3) expand afforestation and land areas used for the production
of forages, (4) more intensively manage the best arable lands using appropriate soil water
management practices, and (5) combine shelterbelts and tree networks to include planting
sand-holding species on dunes. Tree patches should also be established in the interdune areas
to reduce wind velocity and stabilize mobile dunes. In the rangeland areas, rational carrying
capacity should be determined and proper rotation grazing practiced. Proper artificial grassland
and forage farms should be built as a supplementary source of natural grassland. In addition,
domestic wells should be intensively managed and the density of grazing areas and the
building of paved roads on pasture lands more effectively controlled. Natural conservation,
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or to stop human's interference, is an effective way to limit the spread of desertification; it
has been widely adopted in the semiarid zone. Even in areas with an ongoing desertification
problem, natural conservation plays an important role in the rehabilitation process. For
example, in the land adjacent to Zhaohai Miao in Horgin Zuoyi Huoqi County in the eastern
part of Horgin Sandy Land, desertified land was conserved, i.e. human's disturbance was
stopped for three years. Because of the potential for naturally reversing the desertification
process in this region, vegetation was gradually regenerated without the application of other
supplementary measures and biomass increased, as shown in Table 10 (Zhu et.al, 1989).
Table 11 shows environmental changes that have occurred since the rehabilitation of
desertified land in the semiarid zone (Zhu, et al, 1989). In the arid zone, river basins must be
considered as an ecological unit from a planning perspective. Water resources should be
reasonably distributed from the upper to lower reaches of the river. In an oasis setting,
protective networks for farmland should be established inside the oasis, with sandbreaks
established at the oasis periphery. Sand-stabilizing belts should be established on the land
surrounding the oasis to form a complex controlling system. Table 12 shows the changes of
surface features around an oasis before transformation and after intervention (Zhu et al,
1989). The changes in surface features indicate a decrease in the amount of severely
desertified land. This table also indicates that some desertified lands have been transformed
into woodlot and orchards. Thus the productive potential of deteriorated lands has been
restored and the desertification process is being reversed.
9.

SUMMARY AND CONCLUSIONS

(1 )
In recent years, frequent and severe drought has become one of the major climatic
hazards throughout the world, adversely affecting developed and developing regions as well
as the environment. The impact of drought extends almost all over the world. Drought is
undoubtedly one of man's worst natural enemies. Recent droughts have attracted attention
to drought's monitoring, warning, prediction,and impacts and the need for assessment and
management to help mitigate its adverse effects.
(2)
In order to strengthen the studies on drought regulations, assessment, monitoring,
warning,prediction and its impact mitigation, an accurate, objective and widely applicable
definition for drought and an appropriate index need to be suggested.
(3)
Drought is normally defined as water shortage caused by the imbalance between
water supply and demand. Aridity is usually defined in terms of low average rainfall or
available water and, ignoring the possibility of climatic change, is a permanent climatic feature
of a region. Drought is characterized by random occurrence of water shortage formed by
various factors such as climate change etc.
(4)
Drought is an extremely complicated phenomenon. It may occur at any time and any
region. In general, meteorological drought, agricultural drought, hydrological drought and
societal/ economic drought are distinguished.
(5)
The criterion of determining the aridity of a land is the dryness ratio of the land
which is defined as the ratio of the annual net radiation on the surface to the energy required
to evaporate normal annual rainfall. The total land area of the earth including Antarctica is
149.72x1 Oekm2. 46.147x10 6 km 2 or 31 % of the land is classified as arid and semiarid (ASA).
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ASA land is spread over 100 nations and regions. Africa has the largest ASA land(about 37%
of the total ASA land) and Australia has the highest ratio of ASA land to total land (about
81%).
(6)
Desert is arid barren land where vegetation is scarce or absent because of deficient
rainfall or edaphic aridity. About 12.6% of the land on the earth (18.9 x106km2) is desert.
Though deserts exist in six great regions, the main deserts are in tropical and subtropical
zones. The Sahara in northern Africa is the largest desert in the world. Large temperate zone
deserts are located at the centre of continents in the temperate zone, especially in the
northern hemisphere, China and the USA. A few north-south oriented coastal desert strips
appear at the coast of continents along the cold upwelling seawater or cold ocean current.
(7)
Desertification is a degradation of ecosystems and occurrence of desert-like
environment in arid, semiarid and some sub-humid zones. About 39.4x10 6 km 2 of land, 26.3%
of the total land surface, is being threatened by desertification. About 50-70 x10 3 km 2 of land
will be desertified each year. One third of arable land will be lost at the end of this century.
The two major factors of causing desertification are human activity and adverse climatic
condition.
(8)
General climate characteristics of arid land are: low precipitation, soil-water
shortage, high interannual variability of rainfall, drought, strong wind, wind erosion, and dust
storm. The major climatic characteristics of the various types of arid regions are: (a) Dryness,
few clouds, strong sunshine and solar radiation in the hot and cold deserts; high humidity,
more fog and low clouds in coastal deserts; (b) The annual range of temperature is large and
higher than the daily range of temperature in cold (temperate) deserts; this condition is
reversed in hot (tropical and subtropical) deserts.
(9)
The arid regions may be divided into three types according to thermal regimes.
These three types are: (a) dry tropical and subtropical climate, or hot dry climate, between
latitudes 15° and 35° on both hemispheres; (b). dry temperate climate, or cold-winter dry
climate, at 35°-55° N; and (c) dry coast climate along the coasts neighbouring cool currents
or upwelling cold water. Each of the above three types may be divided into three subtypes:
very dry desert, semidesert and semiarid (steppe), according to the degree of aridity.
(10)
Deserts are the products of arid climate. Lack of precipitation is one of the principal
factors of creating deserts and dry land. The causes of insufficient precipitation are as
follows: widespread, persistent atmospheric subsidence which results from the subtropical
high pressure system, the thermal and dynamic effect of topography, and the absence of raininducing disturbance or moisture.
(11)
The long-term anomalous climate and drought, especially that of the semiarid
regions, seem related to a positive feedback mechanism involving the energy, radiation and
water balance on the Earth's surface. Primary feedback mechanisms are: vegetation-albedoclimate change, vegetation-soil moisture-climate change, vegetation-roughness-climate
change, and desert dust-climate change.
(12)
Over one-third of the land surface of the Earth is either desert or semidesert today
which constitutes a large area of unproductive land. Hence arid climate and desertification are
serious environmental problems. Past works in these two fields are mainly focused on the
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effect of human activities and the abuse of natural ecosystems on the process of
desertification. Less attention has been given to the influence of the natural factors on
desertification. Before a remedy programme can be launched, it is necessary to determine the
extent of the effect of climate on desertification and the process of interaction between
climate and desertification.
(13)
Drought can be considered one of the greatest natural disasters in the world. Among
all natural disasters, droughts occur the most frequently, have the longest duration, cover the
largest area, and cause the greatest loss to agricultural production. They also have potentially
adverse environmental impacts.
(14)
The importance of drought lies in its impacts on agriculture, specifically on
crops,trees, vegetation and grassland. The indirect effects of drought often extend well
beyond the reduction of agricultural output, at times leading to famine, the spread of
refugees, social instability, and even death. Desertification and the decrease of water
resources are also indirect effects of drought. Severe water shortage and expansion of
desertified land have become shackles on economic development in the world. As a result of
drought and human activities, persistent reduction of surface runoff, groundwater and total
amount of water resources, recession and thinning of glaciers have occurred widely in China
in recent years. It is estimated that desertified land expanded from 137,000km 2 to
176,000km 2 within recent 25 years, or an average of 1560km2 per year.
(15)
Surface observation and satellite/remote sensing networks are capable of monitoring
all the critical elements associated with drought. The Assessment and Information Services
Centre (AISC) of NOAA/NESDIS has been providing drought early warning alerts and climate
impact assessments to national and international agencies that require such information for
disaster preparedness and agricultural assessment. The drought early warning program of
AISC is an operational program that includes assessment modelling, assessment reporting,
and development of technical assistance in less-developed countries.
(16)
Interannual climate and drought variations in the world, especially in ASA regions
are closely related to year-to-year variations of the tropical ocean and atmosphere, e.g. ENSO.
(17)
Experience from many regions of the world, including China, indicates that many of
the impacts associated with drought can be mitigated. This is true even in extremely arid
regions where annual precipitation is below 100 mm. The successful exploitation of
agriculture in these regions is of great strategic importance and it is a high point in the human
struggle against drought. The American experience in dealing with drought disasters in
extensive areas emphasizes that drought policy and planning are an effective way to improve
the ability of government to assess and respond to drought. For China the process of
establishing a drought management/mitigation plan should address the following items:
(a)

Establishment of drought management centres at the national, regional, and
provincial levels;

(b)

Establishing a drought information assessment and study system and a drought
monitoring, warning and predicting system;

(c)

Organizing the implementation of drought mitigation and response programmes;
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(d)

Agricultural water conservation techniques;

(e)

Dryland farming techniques;

(f)

Recovery and control measures of land desertification.
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30- 6252'S 69'H3

Argentina (S)
V

Elevation
(X of cone
représenta)

.,

Indo-Pakistsn

III Australia
IV

Aridity
Totnln
1+2+34'i
Area
I

North and Central
America

3.775

0.031

The United
States

9.160

0.013 0.1 0.551 6.0 2.307 25.2 0.996 10.9 2.872 31.4

Europe
Oceans and
CoBSts***
Total

0.1

0.949

4.0

2.889 12.1

2.151

9.0

3.869 16.3

6.019 2~>.2

0.002 0.1 0.175 3.6 0.497 10.3 0.178 3.7 0.675 14.0

1.731

0.033

Includes Antarctica
* Indian subcontinent

1.9 0.073 4.2 0.132 7.6 0.106 6.1 0.239 13.8

9.181 6.1 19.260 12.9 17.706 11.8 14.873
** Includes e n t i r e USSR
2

100118*11

3.868 42.2

4.821

*149.720

2248*N

Aversge width i n * l o n g i t u d e

9.9 46.147 30.8 61.021 40.7

***
"'" Includes three oceans and Caribbean I s l a n d s
3

fi.

avcroRO

wldth

1000(60)
Costal plein
1000-5000(40) mountainous
200-1000(80)

500-1000(28)

Sloping plein

1000-2000(65)

Plateeua end
nountslns
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Table

Continent

2*

Areas (tan2) of Principal Deserts in the World

Deserts

Number

Size (approx.)
km2
%

Location

WORTH AFRICA
Sahara
Libyan
Arabian
Nubian

1
2
3
4

N and W Africa
NE Africa
NE Africa
E Africa

SOUTH AFRICA
Namib
Kalahari

5
6

SW Africa
S Africa

ASIA
Syrian

N Saudi Arabia,
SE Syria
NE Jordan, S Israel
Sinai Peninsula,
E Egypt

Negev
Sinai

59.5

608.450
90,450
518,000

3.2

3.360.170

17.8

324,000
12,950
44,000

Au Naf ud and
Nafud ad Dahy
Ar Rub al Khali
Dasht-e-Lut
Dasht-e-Kavir

10
11
12
13

N Arabia
SE Arabia
E Iran
N Central Iran

129,500
647,500
52,000
46,620

Thar

14

NW India, Pakistan

259.000
259,000

15
16
17
18

former USSR
former USSR
former USSR
China

19

The United States,
Mexico

S and SE Asia
N and E Asia
Peski Karakumy
Peski Kyzylkum
Peski Muyun-Kum
Chinese Deserts

1.844.600
284,900
233,100
44,200
1,282,400
647.270

NORTH AMERICA
North and
Central America
SOUTH AMERICA
Sechule
Atacama
Fatagonian

20
21

NW Peru
N Chile
SE Argentina

Great Australia

22

W and Middle
Australia
N Australia
Middle Australia
E Australia
S Australia

AUSTRALIA
Great Sandy
Gibson
Simpson
Great Victoria
Total

11.215.500
9.065,000
1,683,500
207,000
260,000

23
24
25
26

3.4

647,270
208.000
26,000
182,000

1.1

2.825.400

15.0

1,554,000
414,400
221,000
312,000
324,000
18,864,790

100.0

Table

3

Areas (xlO6 km2) of DesortlfIcotlon In Cho World (AEcer Hopkins end Jones, 1983)

SerainrId

Arid
6

2

xlO km

6

xlO km

X

2

Subhumld
x!106 km2

X

Desertification

Total Area
xlO6 km2

X

iclO6 km2

X

0.2
0.5
1.4
2.1
12.2

1.512
5.316
3.583
10.410
10.860

6.2
18.1
12.2
35.5
37.0

29.330

1.6
14.6
12.0
28.2
14.4

50.153

Africa

VII
H
H
T
ND

0.633
4. 575
0.317
5.534

2.2
15.5
1.1
18.9

0.813
0.586
2.849
4.248
0.238

2.8
2.0
9.7
14.5
0.8

0.066
0.145
0.417
0.628 .
3.562

Asia

VII
H
H
T
ND

0.472
6.488
0.207
7.16C.
0.84!)

0.9
12.9
0.4
14.2
1.7

0.290
0.615
4.358
5.264
0.700

0.6
1.2
8.7
10.5
1.4

0.060
0.244
1.453
1.757
3.758

0.1
0.5
2.9
3.5
7.5

0.822
7.346
6.018
14.187
7.195

VH
H
M
T
ND

o.oir.

North and
Central
America

0.724
0.193
0.933
0.015

0.1
3.0
0.8
3.9
0.1

0.156
0.594
2.120
2.870
0.020

0.6
2.5
8.9
12.0
0.1

0.083
0.766
0.849
1.302

0.3
3.2
3.5
5.5

0.171
1.401
3.079
4.652
1.367

0.7
5.8
12.9
1.94
5.7

23.775

VII
II
M
T
ND

0.042
0.875
0.073
0.989

0.2
4.9
0.4
5.5

0.348
0.370
0.892
1.609
0.036

1.9
2.0
5.0
8.9
0.2

0.063
0.701
0.764
0.816

0.4
3.9
4.3
4.5

0.390
1.308
1.665
3.462
1.050

2.1
7.3
9.3
18.7
5.8

17.982

2.160
1.582
3.742

28.1
20.6
48.7

0.312
0.563
1.559
2.435
0.03B

4.1
7.3
20.3
31.7
0.5

0.038
0.081
0.150
0.268
0.541

0.5
1.1
1.9
3.5
7.0

0.351
2.804
3.291
6.445
0.579

4.6
36.5
42.8
83.9
7.5

7.663

Vil
H
H
T
ND

0.002

0.1
0.1

1.3
1.5
0.1
2.9
0.7

0.011
0.011
0.486

0.2
0.2
10.1*

0.066
0.071
0.016
0.152
0.522

1.4
1.5
0.3
3.2
1.08

4.821

0.002

0.063
0.071
0.005
0.139
0.036

VH
H
M
T
ND

0.008
0.024

0.5
1.4

0.035

2.0

. 0.001

0.1

Oceans
and
Coasts

1.9

1.1
3.2
1.1

0.082
0.083
0.049

4.7
4.8
2.8

2.6
1.4
5.9
9.9
3.9

1.731

0.033

0.019
0.055
0.018

0.045
0.024
0.102
0.171
0.067

Total

VII
H
M
T
ND

1.173
14.857
2.371
18.401
0.860

0.8
9.9
1.6
12.3
0.6

2.018
2.798
11.804
16.620
1.086

1.3
1.9
7.9.
11.1
0.7

0.165
0.615
3.579
4.359
10.514

0.1
0.4
2.4
2.9
7.0

3.357
in.270
17.753
39.380
21.641

2.2
12.2
11.9
26.3
14.4

149.720**

South
America

Australia

Europe

VSI
H
M
T
ND

Includes Three Ocean and Caribbean Islands

**Includes Antarctica

VII: very high; 11: high; M: moderate; T: totals; ND: no deaortlflcntlon
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Table 4
Climate of Deserts and Semideserts in the World

Station

Altitude,

North Africa, Sahara Desert:
Adrar
140
Beni-Abbes
497
Timbuktu
250
El Coléa
383
Bilma
357
Wadi Haifa
128
In-Salah
280
Cairo
33
Khartoum
390
Atbara
354
El Mlnya
43
Asyut
55
South Africa:
Kalahari desert (continental type):
1004
Keetmanshoop
80S
Upington
i •
Kamib desert (oceanic type)
3
Moçiaedes
Svakopmund
12
Luderitz
23
7
Fort Kolloth
Great Karroo desert (continental type):
964
Hatroosberg
893
Beaufort Vest

76
Williams Creek
198
Charlotte Waters
202
Ravlinna
135
Cook
Farina (basin of Lake Eyre ) 93
Arabian Peninsula:
Damascus
Tadmor (Palmyra)
Jidda .
Basra
Museat
Hail
Aden
Riyadh
Rayyan
India Peninsula:
Thar Desert:
Jacobabad
Hyderabad
Bikaner
Khanpur
Sukkur
Thai Desert:
Multan

Iranian Plateau:
Iran:
Teheran
Isfahan
Yazd
Zabol
Afghanistan:
Herat
Kandahar
Girishk
Pakistan:
Hashki Chah
Chaman
Dalbandin
Middle Asia
Astrakhan
Guryev
Churuk
Aral Sea
Turkestan
Bakanas
Kizyl-Atrek
Krasnovodsk
Kazandzhik
Ashkhabad
Repetek
Kerki
Zeagli
Turtkul

Air Temperature.. ftt
mean monthlv
mean
January
Julv
annual

Annual
Precipitation (ma)

11.8
10.5
20.4
10.0
17.4
14.6
12.2
12.6
23.0
21.4
11.8
11.6

37.2
35.8
34.0
33.8
33.5
31.6
37.1
28.0
. 34.1
33.4
23.8
29.5

24.3
22.7
28.4
21.9
25.4
24.7
25.1
21.1
29.4
29.1
21.3
21.7

17
43
189
29
21
0.1
8
34
163
70
0
0

26.0
28.0

15.1
14.2

-

147
154

22.0
17.8
18.0
16.0

18.0
12.4
14.5
14.0

15.3
15.3

43

' -

17
61

20.1
24.0
28.6
29.7
23.6
23.4
27.8

8.1
11.5
11.7
.12.2
10.9
12.1
10.6

14.3
17.9
20.6
21.3
17.9
17.7

231
222
127
135
168
153
166

17.2
18.8
27.9
24.1
25.6

15 -

23.9
11.7
17.7
10.0
24.8
14.1
23.5

26.6
29.2
31.7
34.3
33.5
29.8
31.1
33.4
30.4

28.4
25.3
26.8

235
93
80
175
100
82
41
75
75

56
29
245
99
74

14.6
17.S
14.7
13.3
13.8

35.2
34.2
33.3
3S.8
30.1

27.0
26.9
26.4
25.7
26.8

92
179
292
164
94

128

13.6

34.6

25.3

182

1219
1773
1200

2.6
2.5
6.0
1.0

28.6
27.9
33.0
30.0

16.1
15.4
19.0
20.0

250
117
126
83

2.0
5.5
8.5

30.5
31.5
33 -5

- 16.4
18.9
20.7

201
192
168

700
420
6
14
29
970
29
600
25

516
922
1064

945
860

6.8
6.9

-

-

1314

6.3

31.5

849

-

-

-15
-22
124
57
209
395
22
-14
33
219
185
242
142
85

-7.1
-10.4
-11.1
-13.5
•6.0
-13.6

25.2
25.4
27.3
26.3
28.6
2S.1
28.6
28.9
30.9
31.0
32.3
30.2
31.8
28.2

4.8
2.4
-0.7

0.7
0.8
2.4
-2.1
-4.9

-

-

40
180
123

9.3
7.8
8.6
6.3

206
164
122
103
184
135
229
103
153
244
107
164
97
97

19.2
21.6

12.1

7.5
17.1
15.8
15.9
16.4
16.6
17.0
15.4'
12.4
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Table 4
Climate and Deserts and Semideseits in the World
(continued)

Air Temperature,
Station

Altitude,

(m)
China:
Altay
Baytik Shan
Turpan
Kuga
Minfeng
Lenghu
Jiuguan
Lanzhou
Erenhot
Guaizihu

735
165
35

-17.0
-12.7
-9.5

1099
1409
2733
1477
1517

8.4
-6.8
-13.1
-9.7
-6.9
-18.6
-11.9

965
960

North America
Deserts of the Great Basin:
1854
Green River, WY
Reno, NV
1381
Mojave Desert:
Greenland Ranch, CA
-57
Las Vegas, NV
661
Sonora Desert:
Yuma, AZ
43
Phoenix,. AZ
338
Vizcaino-Magdalena Desert:
San Ignacio, NM
297
Chihuahua Desert:
El Paso, NM
1147
Deserts of Colorado and Mexico:
Mulege, Mexico
35
La Paz, Mexico
18
South America
Chile:
Iquique
Antofagasta
Caldera
Coquimbo
Peru:
Lima
Piura
Chiclato
Argentina, Patagonia:
San Juan
Mendoza
Santa Cruz

mean monthly
July
January
22.1
17.6
32.7
25.9
24.8
17.0
21.8
22.2
22.9
26.4

feV
mean
annual

Annual
Precipitation (mm)

2.6
7.3
9.1
3.4
8.4

181
165
16
65
30
18
85
328
142
*9

4.0
2.4
13.9
11.4
11.1

-0.3

20.8

9.7

171
194

10.8

7.0

38.7
31.3

24.2
18.3

42
116

12.8
10.4

32.9
31.9

22.0
20.8

89
199

17.3

27.9

6.8

27.4

17.4

209

14.0
17.2

30.5
28.6

22.2
23.2

100
172

6
94
14
27

20.5
20.8
19.8
17.7

16.0
13.8
15.0
12.0

17.2
17.2

3
13
28
104

128
53
28

22.0
26.2
24.0

16.2
22.0
18.3

20.0

26.2
24.6
15.0

7.8
7.7
1.4

17.3
15.7

-

-

-

14.6

-

102

41
135
31

•
630
827
12

8.5

89
239
135

54

Table 5* Frequency and percentage of main climate
disasters in China.
Disasters

Total Frequency

Drought
Flood
Typhoon
Freezing
Dry-Hot Wind

175
210
79
53

Sum

748

Percent %

23.4

ill

10--5
7.0
100.0

T a b l e 6 Statistics on seasoni-persistent drought in each major region of China.
^""""""""-•«v^
Frequency
Region
"""x*^^
Huang- Huai-Hai Plain
Middle & Lower
Ranges of Yangtze River
Northeast China
Northwest China
South China
Southwest China

Table 7

Spring/
Summer

Summer/
Autumn

Autumn/
Winter

Winter/
Spring

Spring/
Summer/
Autumn

21

4

7
-

21
7

4
•

57
43

21
21
4
-

7
4
25
4

4
-

7
29
32

7
-'
*

.
-

35
32
62
36

Type

T o t a l Reduction (xl0 8 kg)

Drought

1,532.1

50.0

844.3

27.6

Drought and Flood

540.0*

17.6

Freezing

145.9

4.8

Total

Sum 1

25
11

Total Reduction of Grain Yield Caused By Various
Climate Disasters' in China

Flood

Year

3,062.3

Percent

100
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Table 8

Mean Runoff (Billions m3) in Each Decade and Their Ratios
with the Normals from 1956—1984.in North china'

Region

1956—1959
mean ratio

1960—1969
mean ratio

1970—1979
mean ratio

1980—1984
mean ratio

6.72

2.61

1.26

7.73

1.12

5.80

0.86

5.36

0.79

8.30

11.78 1.42

9.01

1.09

8.09

0.93

4.49

0.54

1956-1984
mean

Yellow
River
Valley
Lower
reaches of
Yellow
River

Table 9

Glacier Change Estimated in Recent 500-year in the
Northwest China.
Area of the best
prevailing time in
500-year (km2)

Montain

Present area
(km2)

Decrease in
recent 500-year
(km2)
(%)

449

293.20

156

35

12,248

9,195.98

3,052

25

Pamir

2,882

2,206.55

676

23

Karakorum

6,630

5,924.85

705

11

Kunlun

9,835

8,735.18

1,099

11

Qiling

3,288

1,972.50

1,316

40

28,328.26

7,004

20

Altay
Taishan

1 Total

1

35,332 •'

1
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Table 10 change of vegetative Coverage and Biomass Since the Natural
Conservation in Zhaohai Miao District of Horqin Zuoyi Houqi
County (% and g/m2) in China
Year coverage
1 and biomass
I community

Without
conservation
(Comparison)
Vegeta- Biotive
mass
cover

One year of
conservation

Two years of
conservation

Vegetative
cover

Vegetative
cover

Biomass

Biomass

Three years
of
conservation
vegeta- Biotive
. mass
cover

Artemisia
frigida

30

130

45

228

50

255

65

271

Artemisia
halodendron

30

483

40

642

45

755

45

733

Weed sop.

40

219

55

310

60

321

70

386

Legmus
chinensis

35

183

40

304

60

392

65

364

Table 11

Environmental Changes Since the Renovation of Desertified Land in
Sanjiazi District, Zhangwu County of China

Various landforms and
their percentage in
the total area (%)

Mobile sands
and the
impacted
area

Slightly
eroded
fields

Eefore the plantation

44

25

: 9

22

8

4

6

82

Since the plantation

Shifting
sands
sparely
distributed

Slightly
desertified
fields

Table 12 Changes of Surface Features of Land Desertification at Linze
. Desert Experiment Station of Institute of Desert Research,
Academia Sinica, Before Transformation and After Intervention
Landform patterns

Percentage of t h e areas occupied (%)
Before transformation
After intervention

Most severe land
desertification

17.8

0.4

Severe land desertification
(mobile dunes)

54.6

9.4

Reversed desertification
(Orchards and woodlots)

9.0

52.4

'Farmland without
desertification impacts

8.9

37.8

Wastelands

9.7
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II. REPORT OF THE CCI RAPPORTEUR ON DROUGHT
TO THE ELEVENTH SESSION OF THE
COMMISSION FOR CLIMATOLOGY
1.

SUMMARY OF RESPONSES TO QUESTIONNAIRE ON DROUGHT

A questionnaire on drought (see Appendix A) prepared by the CCI rapporteurs on
drought, was sent to Members of WMO by circular letter M/CLD (PR-4605) of
22 March 1991.
The following is a summary of responses from the national submissions. Care was
taken to ensure that all the responses were taken into consideration, thus minimising
repetition.

1.1 Quantitative Definitions of Drought
when annual precipitation < 80% of normal
when annual precipitation p < 0.75p where p = mean value
when P-E is negative. If P-E < -300mm the situation is intense
when rainfall R < 7 0 % of normal
period of at least 15 consecutive days none of which has recorded as much as 0.3mm
(0.01 inch) of rain
when the rainfall in an area over a period of three (or more) consecutive months lies
below normal class
dry periods of 14 day's duration with 1.0mm or less or no rain
rainfall below the second quintile for more than 3 months
< 60% precipitation deficit for two consecutive years in > 5 0 % of a region
period of at least 15 consecutive days with < 0.2mm of rain
periods when rainfall < 4 0 % of normal (agricultural drought)
a consecutive 3-month period with an average rainfall of less than 30mm per month
rainfall deficiency. The drought is classified as moderate when the deficiency is between
26 and 5 0 % and severe for deficiencies greater than 50%.
1.2 Drought Monitoring and Assessment
Palmer Drought Severity Index (Palmer, 1965) to measure long-termmeteorological
drought
Crop Moisture Index (Palmer, 1968) to measure short-term meteorological drought as it
affects mature crops when temperatures exceed 55 deg F (12,8°C)
Surface Water Supply Index (Shafer and Dezman, 1982) to measure hydrological drought
and incorporates streamflow and reservoir storage data
Vegetative Index (Tarpley et. al., 1984) to measure agricultural drought from satellite
data
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Drought Severity Index, corresponding to the total of monthly rainfall deficits with
respect to monthly mean, and between the sum of the mean values of months in the
year with a deficit, expressed as

where

SI = Severity Index
y = monthly rainfall record
X = mean monthly rainfall

0.75
0.5
0.25
0

- 1.0
-0.74
-0.49
-0.24

severe drought
moderate
slight/normal
no drought

FAO Water Satisfaction Index
NDVI and AMSI (Agricultural Moisture Stress Index)
R-lndex, expressed as
n - Actual Evapotranspiration ( ET )
Potential ET

Moisture Index, Ml, expressed as

Af/ =

0.8 - 1.2
0.4 - 0.79
less than 0.4

Rainfall
Evapotranspiration

no excess deficit
slight deficit
severe deficit

Agricultural Drought Index (ARI) for agricultural drought expressed as the ratio of rainfall
at 80% probability to monthly total PET
Rainfall in decile range No 1 for at least 3 consecutive months
Potential water deficit (PE - P)
Moisture Anomaly Index (P/PE)
Hypothermal Coefficient, when soil moisture < 70% of maximum field capacity
Aydeniz method (Turkey), by use of rainfall, RH, sunshine duration and period of
humidity
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Bova (hydrothermal) Index, expressed as

K

where

H

=

0.6 Qm

=

tm

=

K < 0.8
0.8 < K < 1.5
1.5 < K < 2.0
2.0 < K < 3.0
K > 3.0

=

M

H

*m

+

Q

«

0.1 L

productive soil moisture in the top 100 cm in the period
November through March,
empirical coefficient of water storage in the soil (used in
Romania)
Amount of precipitation that has fallen in the period from April
through month m (i.e. April-May, April-June, ... April-October)
sum of the daily mean temperatures over the period defined in
connection with Qm above
extreme drought
drought
moderate drought
optimum humidity conditions
excessively humid conditions

Budyko Index, expressed as

Budyko I =

where

0.18 £ 0

p = annual precipitation
0 = mean daily temperatures > 10 deg C.

Gibbs and Maher - use of decile (tenth) rainfall in order to show the temporal duration
as well as spatial distribution
Drought Index = 12p/T + 10
Sazonov Index, expressed as

Sazonov I = —
QT

where

For

dT =
dp =
œT =
crp -

- -=£
op

departure from normal temperature
departure from normal precipitation
standard deviation of temperature
standard deviation of precipitation

severe drought I > 1
very severe drought I > 2

62
1.3 Drought Management and Preparedness
Commission for Natural Disasters
Ad-hoc Management by provincial or local water boards
Inter-Ministerial Committee headed by the Ministry of Agriculture
Water Allocation Board
Relief and Rehabilitation Commission
Department of Drought and Desertification in the Ministry of Agriculture
Ministry of Water Resources, Energy and Postal Affairs
Early Warning System
Disaster Management Council
National Disaster Office, Ministry of Agriculture
National Drought Commission, Ministry of the Interior
National Agricultural Emergency Commission, Secretariat of Agriculture
National Emergency Commission
Ministry of Agriculture
Central Committee for Typhoon and Flood Control and the National Committee for
IDNDR
Disaster Management Committee

1.4 Drought Forecasting
There are no operational methods of forecasting droughts at present. However, some
countries are doing so indirectly, through the following, for example:
seasonal rainfall forecasts (Israel)
seasonal Climate Outlooks inferred from analyses of SOI issued to all relevant bodies
several months before drought is declared by state authorities (Australia)
monthly weather summaries which include soil moisture reviews and rainfall prospects
for the coming months (several countries)
Gibbs and Maher method (Romania)
Sazonov Index (Romania)
30 and 90 day outlooks are issued by the Climate Analysis Center of the National
Weather Service (USA). These indicate possibilities of drought onset and cessation.
1.5 Drought Response Plans
in some countries, a response plan is developed for each case of drought
re-afforestation, green belts, creation of drought-resistant species
water conservation programmes (e.g. irrigation scheduling)
National Environment Plan and the Third Note Water Management
controlling surface and underground water flows
subsidies to agriculture and animal husbandry
compensation to agriculture by insurance companies
tax relief
National Programme for the Prevention and Mitigation of Natural Disasters
National Programme for Climate Change Research
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implementation of contingency crop planning to minimise crop losses
creation of employment opportunities for affected populations in rural areas (e.g. Foodfor-work projects)
conservation of cattle/wealth through augmentation of fodder supply, setting up cattle
camps and veterinary care
distribution of essential commodities through Public Distribution System
Provision of supplementary nutrition to the vulnerable section (especially children under
the age of five) of the affected population
provision of primary health care
Drought levy against people in middle and high income brackets
1.6 Problems encountered in Drought Management and Response
difficulty in or inability to accurately forecast 24 hours and more ahead, let alone weeks
and months. This is mainly because there are no convincing forecasting models in
operation yet
lack of precise and unique definition of drought. There are no universally accepted
thresholds for determining the onset, cessation, duration and intensity of droughts
droughts affect economic development and so their importance is felt by using economic
indicators which are too complex to single out. Problems will then arise when
determining response criteria
there is no advance recognition of the development of a drought. This prevents advance
planning
limited communication facilities
lack or deficiency of logistics in transporting relief food
corruption associated with drought relief distribution
failure by farmers to positively and quickly respond to drought warnings
inadequate or absent water storage or even usage monitoring mechanisms
insufficient or no funds for research, afforestation, soil conservation or damming
lack of proper management structures. In some cases, there is no accountability. There
is very little co-ordination of measures to be taken at various levels
lack of inter-office collaboration. In other words, there is no regular multi-disciplinary
drought monitoring and evaluation co-operation
perception of danger/risk of drought related impacts is usually delayed at the level of
decision-making
difficulties in determining criteria for payment of damages to affected industries and
other activities
there is no other source of water besides precipitation
there are no legislative provisions to enforce when implementing effective drought
management and response measures
2.

RECOMMENDATIONS FOR DROUGHT MANAGEMENT AND PREPAREDNESS

2.1 Understanding and Definition of Drought
Droughts have been occurring throughout the existence of mankind. Extensive literature
exists on their frequencies and impacts. However, up to now, there is still no unique
definition of drought. One of the reasons is that droughts have ill-defined beginnings and
endings. They affect people differently.
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It would be rather futile to attempt to derive and recommend a definition based upon the
national submissions. The only most common denominator is shortage of rainfall. Normally
this shortage is with respect to the "normal" precipitation which should be dynamic to
conform to changing climate. Regrettably, this is only known when it becomes operationally
too late and by then the meteorological information will be mostly diagnostic.
It is apparent that only a few of the definitions of drought relate to the distribution of the
precipitation. If a compromise definition of drought is to be made, then it should be centred
on the temporal distribution of the precipitation. This is particularly inevitable for developing
nations where agriculture is the mainstay of the economy and where the majority of the
countries7 population are directly dependent upon rainfed agriculture for their survival. Each
country is then left to itself to determine the thresholds depending upon the major types of
crops, crop water requirements and crop phenological phases, and so on. Once a threshold
of a particular crop is reached and exceeded, an advisory should be issued and a drought
preparedness and response plan effected. This should be an on-going process throughout the
rainfall season.
Regarding hydrological droughts, each country is encouraged to follow the example of
India of establishing a national network of water level monitoring stations. The monitoring
should start with conducting extensive hydro-geological surveys, identifying potential sources
of water, both surface and underground, for use in times of droughts and laying pipes for
drawing the water.
2.2 Drought Forecasting, Monitoring and Assessment
Currently, there are no operational methods of forecasting onsets, cessations and
durations of droughts. The mechanisms responsible for causing droughts are still too complex
to singly identify and understand. Considerable progress has been made, however, in linking
the El Nino/Southern Oscillations (ENSO) events and sea surface temperatures with extreme
vagaries of the weather (including droughts) over different parts of the world. Global
circulation models are still far from giving realistic medium-range weather forecasts. Regional
climate models are now increasing in number but their results are yet to be coordinated to be
of use at the local or national level*
National and regional early warning services have been or are being established in
developing countries, especially in Africa. These are already proving to be useful through crop
weather models which provide some estimates of crop yield. It is recommended that those
countries with early warning units incorporate them in their national crop forecasting
committees. Agricultural extension services should also play primary roles by sending crop
status reports periodically, preferably fortnightly. The monitoring should also include dam
water levels, rates of water usage through irrigation, in households, by industries, and rates
of evaporation.
Assessments of the impacts of droughts are rarely done at present. Now that droughts
are becoming more frequent and more devastating it is imperative that governments establish
multi-ministerial task groups to quantitatively assess and document the state of their country
after each drought. These task groups should have quasi-permanent structures with their
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own budgets. Each sector of the economy should submit the impact of each and every
drought event to these task groups. It is from the findings of these task groups that national
policies will be formulated and contingency measures taken in preparation for future droughts.
2.3 Drought Preparedness and Management
It is apparent that in drought-prone countries, droughts are still regarded as specific
events. In other words, they are aberrations of nature. In most countries, they are natural
disasters. They are not considered as part of the normal forces affecting agricultural
production. This concept, as firmly noted by the Australian Drought Review Task Force, is
rather limited in that it defines circumstances in which government assistance should be
provided as compensation to producers. It must be stressed that climatic variability is the
norm and so must be the production and income fluctuations. Drought should no longer be
passively viewed invoking our inability to control the weather, we should instead be looking
for ways to conduct a business under conditions of climatic variability.
Producer
organisations should not be given incentives by way of assistance in times of difficulty; rather
there is a need for on-going incentives to encourage commercially and environmentally
responsible management under variable conditions. It is a fact that inappropriate perceptions
of drought have guided government decision-making in the past, often leading to a process
of crisis or reactive management.
The traditional viewing of droughts as merely periods of precipitation deficiency or crop
loss due to adverse climatic events no longer holds. Other crucial factors are called into play,
such as those affecting the productivity of the land or inappropriate management practices.
In other words, disastrous situations can still occur if, for example, governments do not have
effective policies, support and assistance in place or the farming communities do not adopt
appropriate management strategies.
2.4 Zimbabwe's Experience
Zimbabwe introduced the Drought Relief Programme in 1982 after a warning by its Crop
Forecasting Committee in 1981 that severe food shortages were imminent. A Cabinet
Committee on Drought Relief was immediately set up originally consisting of nine Government
Ministries. The terms of reference of the committee included formulating policies and
recommending ways of providing emergency relief to drought stricken areas of the country
and even supervising such programmes. An administrative structure was subsequently set
up from the Cabinet level down to the village level.
Appendix B shows the organisation of the Committee and the responsible authorities
involved. In each province the actual implementation of the programme is directed by a
Resident Minister and assisted by a Drought Relief Coordinator. The programme involves
emergency food hand-outs, borehole and well drilling, construction of small and large dams,
cattle rescue operations and public works programmes. In addition there are "food for work"
programmes, supplementary feeding for children under the age of five and the elderly, farm
inputs and drought power and drought levy (5% of one's income tax bill).
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2.5 Contingency Plan for Meeting Drought Situations
(a)

Setting up a national organization
Cabinet Committee on Drought (at ministerial level)
Provincial Committees
Village Committees (to identify drought affected families)

(b)

Contingency Plans
Crops
Drawing up contingency plans for alternative cropping strategies to suit different
weather regimes. To do this, a plan of operations of alternative crops should be
kept ready for implementation. This strategy will require adequate seed reserves
of the requisite varieties so that crop planning may be tailored to water availability.
Developing a compensatory cropping programme. One method may be to
compensate crop loss in most seriously affected areas by intensifying production
programmes and crop yield in most favourable areas while the rainfall is generally
good and/or where irrigation facilities are available. This requires the availability
of a detailed month-by-month contingency plan so that appropriate steps can be
taken when adequate soil moisture becomes available for crop sowing either due
to rainfall, dew accumulation or availability of additional energy for making
irrigation sources operational.
Ensure adequate supply of seed
Assess the requirements of seeds (including fodder seeds)
Identify the sources of supply of seeds crop-wise and district-wise
Arrange for credit to farmers to purchase seeds
Prepare an emergency plan for seed production under irrigated conditions to make
good the shortfall by placing indents in advance
Initiate action to convert short-term loans into medium-term loans in
drought-affected areas.

Fodder
Assess fodder requirements in drought-affected areas and locate areas where
shortages are likely to occur and arrange for supplies from outside
Monitor the prices of fodder in selected places/markets
Arrange, through Forest Departments, for the cutting and baling of grasses in the
forests whenever possible to meet the demand from fodder deficit districts
Encourage fodder cultivation as often as is feasible
Ensure supply of molasses to cattle feed plants
Organise cattle camps where necessary near sources of water.
Power
Determine safe periods of power availability to agricultural pumpsets.
Regulate the availability of power for withdrawal of water in areas where the
ground water is inadequate to prevent overdrawal. Where groundwater is
adequate, sanction and provide power connections for agricultural pumps on
priority.
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Setting up national drought policies
Every government's policies should recognise that climatic variability is one of the
major sources of uncertainty in economic development.
Governments and producers (agricultural or industrial) should implement self-reliant,
risk management approaches to drought. This should include:
*

*
*

*

(d)

detailing those considerations that are deemed important in
protecting the national interest, especially during periods of
increasing climatic stress,
identifying the principles for government support and assistance, in
keeping with national policy objectives,
a review of income and other taxation arrangements for capital
intensive industries, like agriculture, be taken in a sustainable
context,
structural improvements for the storage of grain, hay or fodder be
entitled to immediate tax deduction in the year in which expenditure
is incurred.

Creation of employment generation schemes

The schemes should operate along the lines of public works programmes in those
countries where such programmes exist. It was apparent from the national submissions that,
more often than not, these were left uncompleted once the scarcity conditions abated. There
is, therefore, a need for integrating these relief works in the development works. Examples
include afforestation, soil conservation, minor irrigation and road construction schemes.
(e)

Strengthening public distribution systems

Food grains storage facilities are necessary at strategic points which are readily
accessible and inhabited by large sections of the rural population. Fair Price Shops (FPS)
should be established in the rural areas. The shops should be run by the Government or any
agencies appointed by the Government. This is recommended to avoid the villagers from
falling prey to unscrupulous traders.
(f)

Monitoring water supply

In urban areas, once the scarcity, of water becomes endemic, municipalities and local
water authorities should equip themselves with water tankers, drums and jerry cans. Recycling of water is highly recommended. For rural areas, it is necessary to establish water
level monitoring network stations for periodic evaluation of aquifers.
(g)

Medical and prophylactic treatment

Outbreaks of epidemics due to deterioration in nutritional status and income levels are
common during droughts. National governments should give priority to water purifying
tablets, bleaching powder and chlorination of public water sources to prevent outbreaks of
water-borne diseases.
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(h)

Relief measures for livestock

Relief programmes should be aimed at insulating communal farmers against the cropping
influence of drought either by the distribution of fodder or its sale at subsidised prices. The
livestock can be helped to survive if effective measures are taken in time. One advantage is
that the increase in the intensity and spatial distribution of scarcity conditions is gradual. The
following measures should be considered or should augment the already existing measures:
h.1

identification and categorisation of drought-affected areas. Once the rains have
failed, areas likely to suffer the drought should be mapped out and categorised
according to the severity of the drought. The assessment should also include the
number and type of livestock in areas falling in each category so as to determine
the feed or water requirements, the magnitude of relief operations as well as the
finance required for the purpose.

h.2

augmenting availability of roughages. This can be done by, for example, locating
sources of fodder in areas not affected by drought or having assured irrigation,
tapping forest grasses which could be transported after baling or opening reserve
forests for grazing.

h.3

use of unconventional roughages. This includes wheat husk, corn cobs, groundnut
straws, tree leaves, shrubs and weeds like hyacinth (unsprayed with herbicides).

h.4

training in the use of unconventional forages/concentrates. Livestock should be
trained so that in times of scarcity, they do not become susceptible to sudden
changes in feed and toxicity.

h.5

arrangements for transport and storage. Apart from transporting roughages from
supply points to their destinations, advance planning is also necessary to transport
livestock from areas where local resources are unable to meet demand. The
planning should include enroute water, feed and health cover.

h.6

long-term fodder arrangements. Efforts should be made to utilise all available
moisture in areas not normally utilised for fodder (river banks, road sides and along
railway tracks). If need be, fodder production can be commercialised or integrated
with food crops.

h.7

advance action in vulnerable areas. Seasonal grasses can be baled, stacked and
used during periods of droughts.

h.8

relief/cattle camps. Cattle camps should/can be established around water sources
where emergency rations could be provided for the cattle.

APPENDIX A

QUESTIONNAIRE ON DROUGHT

Member country of the World Meteorological Organization

General
1.

Is your country prone to drought?

YES/NO

Note: If the reply is "No", the following questions need not
be answered but please still return the questionnaire to the
WMO Secretariat.
2.

What is the definition of drought used in your country:

(a)

Meteorological Drought (MD)

(b)

Agricultural Drought (AD)

(c)

Hydrological Drought (HD)

3.

Has your country experienced drought during the last 30 years?
If so, please give the following details:
Types
(MD,AD or HD)

Period
Years Months

Areal coverage
(e.g. in per cent of
the country's territory)

Intensity

Drought Monitoring and Assessment
4.

Have you established any criteria for identifying the various types of drought?
If so, please give details (or explain)
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Do you use any indices to monitor and assess drought in your country?
If so, which index?

6.

If not, what method do you use in monitoring and assessing drought?

Drought Forecasting
7.

Have you developed any operational methods for forecasting onset and cessation
of drought? If so, please describe (include any published literature, if possible)

8.

How far ahead is a drought warning/alert given and to whom is the warning first
issued?

(a)
(b)
(c)
(d)
(e)

Central Government (Cabinet Office)
Ministries (please name)
Department (please name)
Radio/TV/Press
Others (tourism, industrialists, transport company, hydrologists, agriculturalists,
etc.)

9.

What is your assessment of the reliability of the forecasts (in percentage) . .

10.

Do you have any specific problems regarding the forecasting of the onset and
cessation of drought and the dissemination of drought information (please list and
explain)

Drought Impact Assessment
11.

What negative impact did the drought cause? What damages, loses and
hardships were associated with it? (qualitatively or quantitatively)

Drought Preparedness and Management
12.

Does your country have any policy on drought management? Please specify
(permanent or ad hoc management board, membership of board, responsible
Ministry or Department etc.)
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13.

Does your Government have a response plan to assist drought management? If
so, please describe (or attach copy)

14.

What role does the National Meteorological Service play in drought management?
Please specify

15.

Which is the highest policy-maker or policy-making body involved in drought
management? (Cabinet Minister/Ministry, Department): . . .

16.

Who initiates drought response action?

17.

What are the main actions taken to respond to or alleviate the effects of drought?
Please give the responsibility of each member of the management board, if any.

18.

What are the main problems encountered in your country in drought management
and response? Please list

19.

Are there any contingency plans for meeting the effects of the next drought
occurrence?
YES/NO

(a)

If yes, please give details

(b)

If no, please explain why?
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20.

Is there anything else, related to drought programmes in your country which you
would like to mention (use additional pages or references if needed).

Desertification
21.

Is your country affected by desertification?
If yes, please reply to the following questions:
(a) What definition of désertification does your country use?

(b) Please give approximate area of desertification in your country
(attach map, if possible).

(c) What are the main causes of desertification in your country?

Date

Signature of Designated
Official Completing Questionnaire

YES/NO

APPENDIX B

Organisation of the Drought Relief Programme in Zimbabwe
INVOLVED AUTHORITIES
Committee consisting of
nine Ministries

LEVEL OF BUREAUCRACY

RESPONSIBILITIES

CABINET

1. Making policy decisions
2. Supervising drought
relief programmes

U
Senior officials from
Ministries represented on
the Cabinet Committee

NATIONAL COMMITTEE
ON DROUGHT RELIEF

Implementation of drought
policy e.g. criteria for
qualification for relief

tl
Representatives of four
Ministries

NATIONAL TASK
FORCE

Monitoring food handouts

U
1. Provincial
Administrators' offices
in all provinces
2. Non-Governmental
organisations

PROVINCIAL DROUGHT
COMMITTEE

1. Management of
programme to ensure
adequate reach to target
groups
2. Identification of projects

tl
1. Elected councillors from
various wards
2. Govt officials at the
District level
3. Officials of nonGovernmental
organizations

DISTRICT
COMMITTEES

Identification and screening
of needy people

11
1. Elected villagers
2. Councillors

VILLAGE COMMITTEE

1. Assisting Councillors
identifying needy people
2. Actual distribution of
food items

REPORTS PUBLISHED IN THE
WORLD CLIMATE APPLICATIONS PROGRAMME (WCAP)/
WORLD CLIMATE APPLICATIONS AND SERVICES PROGRAMME (WCASP)
SERIES

WCAP - 1

CLIMATE AND HUMAN HEALTH. Proceedings of the Symposium in Leningrad, 22-26
September 1986, Volume I

WCAP-2

CLIMATE AND HUMAN HEALTH. Proceedings of the Symposium in Leningrad, 22-26
September 1986, Volume II

WCAP-3

ANALYZING LONG TIME SERIES OF HYDROLOGICAL DATA WITH RESPECT TO
CLIMATE VARIABILITY - Project Description

WCAP-4

WATER RESOURCES AND CLIMATIC CHANGE: SENSITIVITY OF WATERNorwich,
RESOURCE SYSTEMS TO CLIMATE CHANGE AND VARIABILITY.
U.K., November 1987

WCAP-5

FOURTH PLANNING MEETING ON WORLD CLIMATE PROGRAMME - WATER.
Paris, 12-16 September 1988

WCAP-6

CLIMATE APPLICATIONS: ON USER REQUIREMENTS AND NEED FOR
DEVELOPMENT [Reports of the CCI rapporteurs on Users' Requirements and Publicity
(F. Singleton) and New Approaches in Applications (D.W. Philips) to the tenth session of
the Commission for Climatology, Lisbon, April 1989]

WCAP-7

DROUGHT AND DESERTIFICATION. [Report of the CCI Rapporteur on Drought and
Desertification in Warm Climates to the tenth session of the Commission for Climatology
(Lisbon, April 1989) (L.J. Ogallo) and lectures presented at the training seminar in Munoz,
Philippines (14-24 November 1988) by N. Gbeckor-Kove]

WCAP-8

REPORT OF THE FIRST SESSION OF THE CCI WORKING GROUP ON CLIMATE
AND URBAN AREAS INCLUDING BUILDING AND OTHER ASPECTS AND SOME
RELATED PAPERS by Professors E. Jauregui and Shen Jianzhu, Members of the
Working Group

WCAP-9

REPORT OF THE EXPERT MEETING ON CLICOM CLIMATE APPLICATIONS
(INCLUDING CARS), Geneva, 6-10 November 1989

WCAP - 10

URBAN DESIGN IN DIFFERENT CLIMATES by B. Givoni, University of California,
U.S.A.

WCAP - 11

FIFTH PLANNING MEETING ON WORLD CLIMATE PROGRAMME - WATER,
Laxenburg, Austria, 30 April - 4 May 1990

WCAP - 12

IMPACT POSSIBLE DES CHANGEMENTS CLIMATIQUES A VENIR SUR LES
RESSOURCES EN EAU DES REGIONS ARIDES ET SEMI-ARIDES, par Jacques
Sircoulon, ORSTOM, Paris, France, June 1990

WCAP - 13

INFORMATION ON METEOROLOGICAL EXTREMES FOR THE DESIGN AND
OPERATION OF ENERGY SYSTEMS by G.A. McKay, Consulting climatologist,
Canada, September 1990

WCAP - 14

EXTREMES AND DESIGN VALUES IN CLIMATOLOGY by Tibor Faragô, Hungarian
Meteorological Service, Budapest, Hungary and Richard W. Katz, National Center for
Atmospheric Research, Boulder, U.S.A.

WCAP - 15

BIBLIOGRAPHY OF URBAN CLIMATE, 1981-1988. Prepared by Prof. T.R. Oke,
Atmospheric Science Programme, Department of Geography, University of British
Columbia, Vancouver, B.C., Canada

WCAP - 16

REPORT OF THE WORKSHOP ON A CLICOM-HOMS INTERFACE, University of
Reading, U.K., 6-15 March 1990)

Note:

Following the change of the name of the World Climate Applications Programme (WCAP) to
World Climate Applications and Services Programme (WCASP) by the Eleventh WMO
Congress (May 1991), the subsequent reports in this series will be published as WCASP
reports, the numbering being continued from No. 16 (the last "WCAP" report).

WCASP - 17

A NONPARAMETRIC FRAMEWORK FOR LONG-RANGE STREAMFLOW
FORECASTING by J.A. Smith, G.N. Day and M.D. Kane, Hydrologie Research
Laboratory, National Weather Service, U.S.A.

WCASP - 18

REPORT OF THE FIRST SESSION OF THE ADVISORY COMMITTEE ON CLIMATE
APPLICATIONS AND DATA (ACCAD), Geneva, 19-20 November 1991 (also appears
as WCDMP-17)

WCASP - 19

URBAN CLIMATOLOGY IN AFRICA (Special issue of the journal "African Urban
Quarterly"), Yinka R. Adebayo, guest editor, August 1992

WCASP - 20

OPERATIONAL CLIMATOLOGY - CLIMATE APPLICATIONS: ON OPERATIONAL
CLIMATE SERVICES AND MARKETING, INFORMATION AND PUBLICITY. Reports
to the eleventh session of the Commission for Climatology, Havana, February 1993 by the
CCI rapporteurs on Operational Climatological Services (J.M. Nicholls) and Marketing,
Information and Publicity (D.W. Phillips)

WCASP-21

CLIMATE APPLICATIONS: ON USER REQUIREMENTS AND CLICOM
APPLICATIONS. Reports to the eleventh session of the Commission for Climatology,
Havana, February 1993 by the CCI rapporteurs on User Requirements (O. Moch) and
CLICOM Applications (P. David and S. Roy)
Disponible en français: APPLICATIONS CUMATOLOG1QUES: LES BESOINS DES
USAGERS, LE CL1COM/APPLICATIONS. Rapports à la onzième session de la
Commission de climatologie, La Havane, février 1993, par les rapporteurs de la CCI pour
les besoins des usagers (O. Moch) et le CLICOM/'Applications (P. David et S. Roy)

WCASP - 22

REPORT OF THE SECOND SESSION OF THE ADVISORY COMMITTEE ON
CLIMATE APPLICATIONS AND DATA (ACCAD), Geneva, 16-17 November 1992 (also
appears as WCDMP-22)

WCASP - 23

A SURVEY OF CURRENT APPROACHES TO MODELLING OF HYDROLOGICAL
TIME-SERIES WITH RESPECT TO CLIMATE VARIABILITY AND CHANGE.
Prepared for the World Climate Programme - Water, Project A2, by George S. Cavadias,
November 1992

WCASP - 24

TECHNICAL CONFERENCE ON TROPICAL URBAN CLIMATES
ABSTRACTS (Dhaka, Bangladesh, 28 March - 2 April 1993)

WCASP - 25

BIBLIOGRAPHY OF URBAN CLIMATE IN TROPICAL/SUBTROPICAL AREAS 19811991. Prepared by Dr. E. Jauregui, CCI Rapporteur on Urban Climatology, May 1993

WCASP - 26

HYDROLOGICAL DESIGN DATA ESTIMATION TECHNIQUES. Prepared by Oldrich
Novicky, Ladislav Kaspàrek, Svëtlana Kolârova, Czech Hydrometeorological Institute.
Report of the WCP-Water Project C.5 - Re-analysis of Hydrological Observations in
Czechoslovakia. May 1993

EXTENDED

WCASP - 27

REPORT OF THE WORKSHOP ON USER NEEDS AND REQUIREMENTS
(Norrkôping, Sweden, 4-8 October 1993)

WCASP - 28

DROUGHT AND DESERTIFICATION. Reports to the Eleventh session of the
Commission for Climatology (Havana, February 1993) by Kerang Li and A. Makarau, CCI
Rapporteurs on Drought

WMO TECHNICAL DOCUMENTS
Most of the printed material published in the framework of the overall
publications programme of the WMO falls into two major categories:
Official publications (listed in the Catalogue of WMO publications), and
Technical documents.
Technical documents are produced in order to disseminate technical
information to Member countries and interested individuals rapidly and in a simple
form (without professional editing). These documents may contain, for example,
reports of working groups and rapporteurs, proceedings of technical conferences,
symposia and seminars, or studies prepared by consultants or Secretariat staff.
Technical documents are issued within a number of programme report series
which cover most o f the scientific/technical fields in the purview of WMO.
It should be noted that the recommendations appearing in these documents
require the approval of the appropriate constituent bodies of WMO before the
Member countries are formally invited to implement them.

