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FOREWORD

This report was prepared under the provisions of Resolution 5 (CAgM-XI) relating to
Joint Rapporteurs on Validation of Information Requirements on Livestock and Pasture
Production. The first part of this report covers the subject of zoometeorological evaluation of
grazing conditions for farm animals in desert grassland areas of arid and semi-arid climatic
zones. Dr D.L. Babushkin from Uzbekistan compiled this report.
This report looks at the individual issues involved in the utilization of the
meteorological information required to manage livestock production. lt is based on the results of
research into the influence of different meteorological factors on the condition and grazing of
sheep and into developing a method of evaluating the influence of weather conditions on
grazing livestock in areas of desert grassland, carried out at the V. A. Bugaev Central Asian
Hydrometeorology Research Institute over several years. The results of research in publications
available to the author were also used.
This report does not cover the issues of the utilization of meteorological and
agrometeorological information when pasture livestock production is under efficient
management as it has been covered in sufficient detail in Chapter 1 of the report by Danielov,
Gringof and Germogenov, "Determining Agrometeorological Information Requirements on
Livestock and Pasture Production in Cold Climatic Zones", compiled in respect of Resolution 14
(CAgM-X).
The Karakul sheep that are well suited to life in the harsh climatic and forage conditions
of Central Asian deserts and spend all year at pasture was chosen as a case study. In order to
explain the information requirements for livestock and pasture production, a questionnaire was
sent out and replies were received from 42 countries. A short summary of the responses is
presented in Chapter 6.
The second part of this report which covers the Use of Direct and Remote Methods to
Provide Information for Livestock and Pasture Production in Arid Climatic Zones (as illustrated
by the experience of Kazakhstan), has been prepared by Dr L.V. Lebed (Kazakhstan). lt
includes the findings of research conducted over the past decade and earlier by the Kazakh
Research Institute for Environmental and Climate Monitoring (the former Kazakh
Hydrometeorological Research Institute) with the direct participation of the author of the report.
This work relates to study of the effects of climate and weather on the growth and development
of vegetation, its bioecological state, the build-up of fodder plants on pastureland, the condition
of animals at pasture and the development of agrometeorological and zoometeorological
methods to evaluate and forecast primary and secondary production from grazing stock. Much
attention has been paid to the way information on haylands and pastures is provided in
Kazakhstan and to the use made of the latest digital aerial and space information for this
purpose.

PART I

UTILIZATION OF METEOROLOGICAL INFORMATION
REQUIRED FOR PASTURE AND LIVESTOCK PRODUCTION
IN ARID AND SEMI-ARID CLIMATES

By O.L. Babushkin
Agrometeorological Division, Central Asian Hydrometeorological Research Institute, 72
Observatorskaya Street, 700052 Tashkent, Uzbekistan
Fax: 7 8 3712 33 20 25
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CHAPTER 1
CRITERIA OF UNFAVOURABLE WEATHER CONDITIONS FOR
THE GRAZING OF KARAKUL SHEEP

1.1

INTRODUCTION

Farm animals which are at grass all year round are exposed to the influence of a
number of meteorological conditions. These conditions can be divided according to their
favourable or unfavourable effect on the animal. Favourable effects include those under which
the body expands a fully determined amount of heat, gauged by normal functioning of the body,
where meteorological conditions do not hinder free grazing.
Unfavourable heat conditions interrupt the animal's heat exchange with its
surroundings, at which stage the body engages thermoregulatory mechanisms to maintain body
temperature. When the influence of heat deviates greatly from normal levels the body heats up
or cools down excessively. Also, unfavourable conditions such as strong winds and rain, black
ice, snow and others either intensify the misbalance of body heat or physically stop the animal
grazing and moving. This interrupts the body's functioning, reduces the nutritional state and is
shown by negative productivity index values.
The reaction of farm animals to a particular meteorological situation can vary
depending on their age, sex, nutritional state, physical make-up and other factors. However, in
large herds, where the animals have been selected from a certain age group and require similar
grazing conditions, most of the animals react in the same way as regards established weather
conditions. For the same animals the reaction to weather conditions varies, in relation to their
physiological condition, during farming activities. This condition is utilized to determine the
influence of weather conditions on the condition and grazing of farm animals (Koniukhov 1965).
Astrakhan fur production is the main trend in
Uzbekistan. The Karakul sheep management year is divided
pregnancy, lambing and early lactation, shearing, summer,
season has its distinctive physiological condition for Karakul
body reactions to the weather conditions.
1.2

COLD CONDITIONS

1.2.1

Winter grazing

pasture livestock production in
into seasons by farming activities:
preparation for mating, etc. Each
sheep, which also causes diverse

Karakul sheep as a rule are pregnant during the cold season, falling pregnant at the
end of autumn and carrying the young throughout the winter. Astrakhan fur, the main product of
Astrakhan production, is formed during the embryonic development of the lamb.
The normal process of Astrakhan formation occurs under the influence of extended
exercise in the pasture and so the shepherds aim to keep the sheep at grass (Aieekseeva
1953). At the beginning of pregnancy, from late October through to December, the weather
conditions are favourable enough for grazing. During late pregnancy the weather conditions
become much less favourable. In the winter months of January and February, when the lamb is
developing, the dam's requirements increase in relation to her normal diet and condition. At the
same time, linked to the animal's high metabolic rate during pregnancy and increased heat
output in cold spells, the need for sheep to have full food value increases (Aieekseeva 1960).
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However the basic food value of vegetation at pasture in this season is very low and a
significant lack of all basic nutritional elements has been recorded, causing the Karakul sheep
to be lacking as much as 70% of the necessary digestible protein (Gaevskaia 1971 ). As a result,
the level and quality of forage during winter months is insufficient for keeping the Karakul
sheep's body weight at a certain level and therefore the fall in live weight before mating can be
from 13% in favourable, to 30% in particularly unsatisfactory, winter pasture forage conditions
(Aieekseeva 1960; Balaban 1940). A reduction in live weight of more than 15% leads to the
deterioration of the quality of the Astrakhan product (Kedrova 1969).
Unfavourable meteorological conditions may intensify the position of Karakul sheep,
leading in some cases to the animal suffering from hyperthermia in cold weather and, in other
cases, physically stopping the animals moving around in the pasture and blocking their access
to forage. In both cases the sheep cannot make full use of the natural pasture vegetation.
Interruptions in grazing are the result of both individual and compound meteorological
conditions (Babushkin 1981, 1986; Chekeres 1973). Over 5 cm of snow hinders the sheep's
ability to move around the pasture and stops them getting to the forage, especially when it is
short. The relationship between the height of vegetation and the uniformity of snow cover
dictates the accessibility of forage for grazing livestock when snow is on the ground (Babushkin
1978). A depth of 17-20 cm of snow of any density stops the sheep from grazing. Grazing also
stops when there are snowdrifts, when there is ice on the surface or layers of ice in the snow.
When the sheep break the ice they cut themselves and are no longer able to move about in the
pasture.
Icy conditions have a negative effect on the grazing of Karakul sheep, black ice being
the worst. Sleet and hail can lead to plants being covered with a 1 cm+ casing of ice (Morozova
1946). Under these conditions vegetation is totally inaccessible to grazing animals. Such
conditions can cause sheep to die as water gets into their fleeces, causing the sheep to become
too cold from a large loss of body heat and excessive cooling. When black ice is on the ground
sheep cannot move around the pasture due to the slippery surface. Falls lead to bruising and
breakage of the extremities.
When there is heavy precipitation in the form of rain and snow, pasture activity falls
sharply and the sheep stand still and practically stop grazing. Grazing comes to a halt in
blizzards, strong blizzards with ground winds and dust storms and in thick fog, with visibility of
less than 100 m, sheep tend to stop grazing and huddle together.
Hoar-frost and dew have no significant effect on the sheep's grazing pattern. They like to
eat vegetation covered by this. However, eating hoar-frost or frozen dew in large quantities
leads to a significant loss of body heat and this excessive cooling could affect the health of the
dam and determine whether she keeps the lamb or not (Kedrova 1969; Timchenko, 1940).
Low air temperature, especially when accompanied by wind, causes increased loss of
body heat unfavourable to Karakul sheep. As a result of the influence of cold conditions the
sheep take steps to protect themselves from the cold by sheltering from the wind, huddling
close together, trying to shrink, crouching down in an attempt to reduce heat loss and shivering.
At this stage the normal pattern of grazing is interrupted or brought to a total standstill. The
composite of air temperature with wind speed limits, dividing favourable and unfavourable
grazing conditions for mature sheep and sheep in their first year, are 9.iven in Figure 1.1
(Babushkin 1986).
The evaluation is made using the average daily air temperature and periodic wind
speed values at the time of snow depth and density readings.
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Figure 1.1

0

Temperature-wind condition limits which cause Karakul sheep to stop grazing at
certain combinations of snow depth (h) and density (d)
1.
0 s h s 11 cm, d < 0.25 g/cm 3
2.
12 s h s 18 cm, d < 0.25 g/cm 3 , 5 s h s 9 cm, 0.25 s d s 0.32 g/cm 3
3.
10 s h s 15 cm, 0.25 s d s 0.32 g/cm 3

The field of temperature-wind conditions to the left of the chosen curve corresponds to
non-grazing conditions and the field to the right of the curve corresponds to grazing conditions.
In Uzbekistan, in addition to daytime grazing, Karakul sheep are also at night pasture during the
winter. This increases their time at grass on short winter days and enables more forage to be
utilized. Night grazing maintains the nutritional level of the sheep, increases their productivity
and improves the quality of Astrakhan fur (Kedrova 1969; Timchenko 1940; Morozova 1946;
Tomme and Balaban 1942).
Night grazing is hindered by the same meteorological conditions as are unfavourable
for daytime sheep grazing and also by a fall in temperature to -15QC (Babushkin 1996;
Gaevskaia 1960; Momotov 1950).

1.2.2

lambing and early lactation

Spring is the most important season in Astrakhan production in Uzbekistan. lt is at this
time that the important activities of lambing and spring shearing take place.
Lambing usually takes place from mid-March to mid-April. This coincides with the
growth of ephemeral vegetation, when the food value of the pasture is much higher. Eating
fresh green forage enables the dams to increase their yield and assists in the lamb's best
development.
For the lambs to utilize the highly nutritious spring forage more fully, it is recommended
that, in Karakul sheep husbandry, lambing be calculated to occur in early spring so that the
lambs are about a month old when there is 'slight poisoning' (Vasin et a/., 1971; Chekeres
1973). As a result the lambs will develop better and grow strong enough before the heat sets in
and before the change to the less nutritional summer pasture forage (Mirzakhmetov 1974;
Timchenko 1944).
In their first days and weeks lambs are very sensitive to the effects of unfavourable
weather factors. Low air temperatures, snowfall, rain, strong winds and other conditions could
cause catarrhal illnesses and, in particularly unfavourable cases, could cause sheep to die. An
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increase in air temperature also has a negative effect causing the animal to overheat. According
to Kashkarov (1937), cold winds and rain are the most common causes of death among the
earliest (February) lambs, but for the later lambs the most common cause of death is hot winds.
Lambs show clear signs of freezing in cold weather. They crouch down and appear hunched up,
huddle into their mother's side, seek shelter from the wind behind bushes and rocky outcrops,
and they shiver.
The temperature-wind condition limits dividing favourable weather conditions from
unfavourably cold conditions for lambs with or without light rain (Figure 1.2, curve 1), as with
the cases when there is more than 4-5 mm of rain/day (Figure 1.2, curve 2), (Babushkin and
Mukhtarov 1996a) enables the effect of weather conditions on the youngest lambs to be
evaluated. The field to the left of curve 1 is characteristic of unfavourably cold conditions for
lambs, and favourable conditions are to the right of curve 2. The area between curves 1 and 2 is
characteristic of favourable conditions in dry weather and unfavourable conditions when it is
raining. The evaluation is made using periodic air temperature and wind speed values.
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24
Figure 1.2 Composite of air temperature and wind speed limits, divided into favourable and
unfavourable conditions for lambs and shorn sheep in dry weather (a), and during
precipitation of more than 4-5 mm/day (b).
1.2.3

Spring Shearing

During shearing, Karakul sheep have their fleeces removed. The fleece is a natural
layer of insulation between their surroundings and body and it plays an essential role in
maintaining the animal's temperature balance with its surroundings and protects it from getting
excessively hot or cold. The timing of the spring shearing is usually dictated by the growth of the
fleece. When the weather turns warm and the fleece has risen sufficiently, a good fleece can be
shorn. In Uzbekistan, shearing usually takes place in late April to early May. Earlier or later than
optimum shearing time leads to a quantitative and qualitative loss of wool.
However, correctly timed shearing is reflected not only in the shearing of the fleece, but
also in the health and fattening of the sheep.
Shearing too early leads to an increased probability of spring cool spells affecting the
shorn sheep and the animal cooling down excessively due to increased heat loss from the
exposed surface of the skin. Rain and wind accompanied by low air temperatures are
particularly dangerous for shorn sheep and could lead to a widespread livestock epidemic due
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to the animals getting hyperthermia. Delay in shearing has negative effects on the Karakul
sheep leading to less grazing activity and a weaker body. Aleekseeva (1953) says that sheep
shearing at temperatures of 25-30QC has a favourable effect on the physiological condition of
sheep. At higher air temperatures shearing interrupts the thermoregulatory processes and
under more unfavourable conditions can cause the death of livestock. Hence Karakul sheep
must not necessarily be sheared in the same month. In each individual case shearing times
must be adjusted in relation to the actual conditions of that year.
The results of the analysis of the grazing animals observed show that the limits for
unfavourably cold temperature-wind conditions for shorn sheep and lambs are very similar.
Thus it makes sense to use the curves in Figure 1.2 to evaluate the grazing conditions for
shorn sheep.
These results were compared with the criteria for unfavourably cold conditions which
Konyukhova and Chekeres (1973) have developed for the southern part of Kazakhstan, the
Western Caspian region and some regions of Turkmenistan and Tajikistan.
In addition, a drop in temperature to 16-18QC, more than 8-10 mm of rain/day and
winds of over 5 m/s, dust storms, strong blizzards with ground winds and winds above 10 m/s
are all unfavourable for shorn sheep.
1.3

HOT CONDITIONS

1.3.1

Introduction

As with cold conditions, hot air temperatures and solar radiation have a negative effect
on shorn sheep. The Karakul sheep's gas exchange alters, the thermoregulatory process is
interrupted, body temperature soars and lung ventilation increases (Aieekseeva 1953). The
sheep's instinctive reaction is to seek shade. They form groups under rocky outcrops and trees.
In open spaces they hide their heads in the shadows of other sheep. They lose their appetite
and stop grazing, which affects their weight.
The unfavourable nature of hot weather conditions at this time of year can be evaluated
by the sheep's level of depression. The breathing rate is one of the main indices chosen for
evaluating the condition of Karakul sheep, as heat emitted from respiratory channels plays a
fundamental role in the sheep's thermoregulatory process (Aieekseeva 1960; Nikitchenko et al.
1988). An increase in the breathing rate in healthy sheep is a sign of an unfavourable increase
in heat.
Heat conditions which lead to the depression of Karakul sheep depend on a whole
range of internal and external factors: the animal's condition, level of nutrition, illness and also
wind speed, cloud cover and many others. Thus to distinguish the criteria from the observation
of life as a whole, only cases when the whole herd was depressed on sunny days and when
they were in natural conditions of free grazing were used.
The criteria for evaluating unfavourable heat conditions for sheep during lambing and
early lactation, shearing, summer and autumn are shown in Figure 1.3 where the area to the
right of the curve is characteristic of unfavourable heat conditions, while favourable conditions
are found to the left of the curve (Babushkin and Mukhtarov 1996b).
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Composite of air temperature and wind speed limits, divided into favourable and
unfavourable heat conditions for the grazing of Karakul sheep: (a) lambing and
early lactation, (b) shearing, (c) summer and (d) early autumn.

Lambing and early lactation

lt is already spring when lambing and early lactation arrive and the increases in
temperature and isolation start to have a negative effect on the dam, interrupting the animal's
heat balance (Figure 1.3, curve a), intensified by the fact that Karakul sheep produce much
more heat during this season (Aieekseeva 1953). This causes sheep depression, expressed by
a reduction in grazing and acceleration in breathing up to 80-120 breaths/minute.
Sheep depression in this season sets in on still, sunny days when temperatures are at
approximately 20QC. On windy days sheep depression is observed at higher air temperatures
(Babushkin and Mukhtarov 1996b).
1.3.3

Shearing

Unfavourably hot conditions, which cause sheep depression after shearing, are
recorded at higher air temperatures than during lambing and early lactation. Thus, on still days,
shorn sheep become depressed at 23-24QC.
Shorn sheep have an increase in body temperature to 35QC and beyond particularly
unfavourable as their bodies start to overheat (Aieekseeva 1960). Therefore shearing must be
timed so that the sheep's fleece is not removed in such heat.
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1.3.4

Summer

The summer season in Astrakhan production is a time to fatten the sheep. The
nutritional value of pasture vegetation is significantly less than in spring; however, summer is
not a season of undernourishment for the sheep. The digestible protein content of forage in the
pasture provides 118% of the sheep's nutrient requirements which means that, in this season,
there is no conflict between the Karakul sheep and its environment as regards the forage factor.
On the other hand, the sheep are exposed to very hot conditions in the summer.
According to Balaban and lbragimov (1939) this is the second feeding depression since winter
and is an unfavourable factor in the Karakul sheep's life. Hot air temperatures, cloudless skies
with no rain and significant depressive insolation affects the Karakul sheep's vital activity,
interrupting thermoregulation, and has a negative effect on gas and energy exchange,
respiration, food digestion and both cardiac and sexual activities (Aieekseeva 1953, 1960;
Lysov and Sevast'ianov 1960; Miropol'skii 1939; Paducheva, 1955). Their body temperature
and skin surface temperature soars, gas exchange and heat production increase, as does their
breathing rate, which is accompanied by an increase in lung ventilation, at the same time as a
reduction in both deep breathing and exhalation capacity.
The activation of all heat output activities, which aim to maintain the heat balance,
leads to the non-productive expenditure of nutrient energy, as 30-45% of the animal's energy is
irrationally used in thermoregulatory processes. This is one of the reasons for the fall in live
weight in the summer (Aieekseeva 1953).
In Astrakhan rearing, much livestock is lost in the summer through pneumonia, caused
by the sharp increase in the breathing rate due to the heat, sometimes reaching 180-200
breaths/minute. The increase in lung ventilation is coupled with a reduction in the depth of
breath, leaving stagnant air in the lungs and causing the provision to the pulmonary tissue to
deteriorate due to shallow breathing and pathological changes (Sytdykov 1960). Lambs and
weakened sheep are particularly susceptible. Pneumonia among the lambs peaks between July
and August, but most deaths from pneumonia are recorded between August and September.
Depression in Karakul sheep on calm sunny days sets in at air temperatures over
30-31 QC. As wind speed increases the air temperature at which sheep depression is observed
also increases. Irrelevant of solar radiation, when air temperatures go beyond 37.5-38QC
Karakul sheep 'overheat' (Aieekseeva 1960).
lt must be noted that in the summer period the critical air temperature above which the
Karakul sheep are seen to be depressed is at its highest.
1.3.5

Autumn

After the summer heat, autumn temperature conditions are much more favourable for
the sheep, as daytime air temperatures are much lower and solar radiation is less intense. This
enables the sheep more time to utilize the pasture during daylight hours and they spend less
energy on thermoregulatory processes.
However, during this season, sheep depression has been noticed as a result of high
temperatures in the afternoon.
Observation has established that depression sets in at much lower air temperatures
than in the summer period (Figure 1.3, curve d). On a still autumn day depression sets in at
26QC.
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CHAPTER 2
EVALUATION OF METEOROLOGICAL CONDITIONS FOR KARAKUL SHEEP
MANAGEMENT AND GRAZING

2.1

INTRODUCTION

The evaluation of the favourable nature of weather conditions for Karakul sheep is
conducted on the basis of daily meteorological information.
The previous chapter gives the criteria that enable grazing conditions and sheep
management in Uzbekistan to be evaluated in the different seasons of the year during basic
farming activities, and also allows unfavourable weather conditions to be singled out.
The evaluation begins with an account of unfavourable meteorological conditions
including the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

dust storms and strong blizzards with ground winds;
blizzards;
heavy rain;
hail;
icy conditions;
over 17 cm of snow of any density;
over 5 cm of snow of density greater than 0.32 g/cm 3 ;
snow of any depth or density (for new-born lambs);
icy surface on, and icy layers in, the snow;
fog with visibility below 100 m;
strong winds over 10 m/s (for sheep under one year, lambs and shorn sheep; also for
mature sheep at night pasture in the winter) and over 12 m/s (for mature sheep); and
more than 10 mm of rain/day when air temperatures are below 16-18QC and wind
speeds are over 5m/s (for shorn sheep).

In addition to those conditions listed, a fall in average daily air temperature of more
than 1OQC in the cold season, when temperatures are below freezing, has an unfavourable
effect on grazing. The fall of air temperature to -15QC and below stops night grazing.
In the warm season temperatures above 38QC (for sheep in fleece) and 35QC (for shorn
sheep) have a depressive effect on the sheep, independent of the presence of clouds.
Weather conditions that continue for more than three hours have an unfavourable
effect on sheep.
The evaluation of the favourable nature of temperature-wind conditions is conducted
after the unfavourable weather conditions have ceased.
2.2

COLD CONDITIONS

2.2.1

VVinter

In order to evaluate grazing conditions during wintertime, information is needed on the
depth and density of snow, the presence of an icy surface on, or icy layers in, the snow, icy
conditions, blizzards, dust storms, strong blizzards with ground winds and fog, heavy rain and

12
the duration of these conditions. In addition, average daily air temperature and periodic daytime
wind speed statistics are needed.
Winter can be divided into grazing days, when sheep can graze without hindrance,
interrupted for less than 3 daylight hours per day; partially non-grazing days, if interruption of
grazing is between 3 and 5 hours and non-grazing days, when the sheep are stopped grazing
for over 5 daylight hours.
Grazing conditions can be evaluated according to the temperature-wind factor using
the graph in Figure 1.1. The graph is chosen according to the depth and density of the snow
and this is then used to evaluate the extent to which the temperature-wind conditions are
considered to be favourable for the grazing of Karakul dams and their young. Points are plotted
on the graph, corresponding to the composite values for average daily air temperature and
wind-speed, averaged over 2, 3 and 4-day periods. If all points fall to the right of and below the
chosen curve, then the day is considered to be grazing as regards temperature-wind conditions.
If the point corresponding to composite temperature and the 2-day average wind speed comes
above and to the left of the curve and the rest fall below and to the right of it, then the day is
considered to be partially non-grazing. If the points corresponding to composite air temperature
and the 3 or 4-day wind speed averages appear above and to the left of the curve, then it is a
non-grazing day.
A day is also considered to be non-grazing when there have been several short bursts
of unfavourable weather conditions, interrupting the sheep's' grazing for more than 5 hours.
Take the separate cases of evaluation of meteorological grazing conditions on
13 November 1993 as an example. Black ice was recorded in Akbaital from 05:00-15:00. Black
ice stops both young and old animals from grazing. In this case grazing stopped for over 5
daylight hours, thus the day is definitely non-grazing for dams and their young alike.
In Chabankazgan on 8 January 1993 there was over 7 cm of snow of a density less
than 0.25 g/cm 3 • The average daily air temperature was -14.8 2 C and wind speeds at 03:00,
06:00, 09:00 and 12:00 GMT were 1, 5, 6 and 6 m/s, respectively. Curve 1, Figure 1.1, which
relates to the depth and density of snow, was chosen for the evaluation.
The points corresponding to the composite of average daily air temperature and
periodic wind speed for each time of reading were distributed in relation to curve 1, Figure 1.1
in the following way: the readings taken at 03:00 and 06:00 (-14.8 and 1; -14.8 and 5) fall to the
right of the curve, in the area of favourable grazing conditions for the dams. The 09:00 and
12:00 readings (-14.8 and 6) fell to the left of the curve, in the area of unfavourable grazing
conditions. If grazing conditions are unfavourable for two periods of the day, i.e. if grazing is
interrupted for more than 3 hours, then the day is considered to be partially non-grazing.
As regards curve 1 in Figure 1.1b, the point corresponding to the 03:00 reading (-14.8
and 1) lies to the right of the curve, showing that conditions are favourable for sheep under one
year old. The other three readings (-14.8 and 5; -14.8 and 6) lie to the left of the curve. The
conditions are unfavourable for grazing. When there are three unfavourable readings during
daylight hours the day is a non-grazing day.
In this way on 8 January 1993 in the Chabankazgan region the day was partially nongrazing for the dams and non-grazing for their young.
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2.2.2

Spring

At this time of year lambs and shorn sheep are much more susceptible to the influence
of weather conditions. As pointed out earlier, the criteria that makes weather conditions
unfavourable for the youngest lambs and shorn sheep are very similar.
The evaluation of unfavourable conditions for the youngest lambs and shorn sheep is
carried out using periodic air temperature and wind speed values whilst noting whether it was
raining or not.
The temperature-wind conditions are evaluated using the graphs in Figure 1.2. The
evaluation curve is chosen depending on whether there has been more or less than 4-5 mm
rain per day. If the point corresponding to the composite air temperature and wind speed comes
to the left of the chosen curve, conditions are considered to be unfavourably cold. Favourable
conditions come to the right of the curve.
Buzaubai on 7 April 1994 is an example of cold conditions, where the air temperature
at 06:00 GMT was 5.9QC and wind speed was 7 m/s. In dry conditions curve a, Figure 1.2 is
used for evaluation. The point on the graph corresponding to the composite air temperature and
wind speed comes to the left of the curve. This shows that conditions for the youngest lambs
are unfavourably cold.
In the same way the conditio
ns are also evaluated as unfavourably cold for shorn sheep.
As with unfavourably cold conditions, hot weather conditions start to have a negative
effect on the sheep's body in the spring.
2.3

HOT CONDITIONS
Hot conditions occur in spring, summer and autumn.

After observation of the subjects in the hot season, the following evaluation method is
recommended.
lt begins to become clear that as the air temperature exceeds the Karakul sheep's
critical value - 35°C for shorn sheep and 38°C for sheep in fleece - the sheep become
depressed whether it is cloudy or not.
When temperatures
When there is more
for the sheep. On
evaluation is carried

remain below the critical values cloud cover is taken into account.
than five-tenths cloud, conditions are considered to be favourable
clear days, or when cloud cover is less than five-tenths the
out using the temperature-wind condition analysis Figure 1.3.

Weather conditions are evaluated using the graph, chosen by the farming activity.
From May to August, when the sun is out for longer, temperature-wind conditions are
taken at 03:00, 06:00, 09:00 and 12:00 GMT. In the other months readings are taken at
06:00, 09:00 and 12:00. As solar radiation has a large influence on the sheep's
temperature, only information from clear days with less than five-tenths cloud are taken
into account. In this case if the temperature and wind speed values for the time in
question fall to the right of the curve into the 'HOT' area, then the conditions are
considered to be unfavourably hot. Favourable conditions lie to the left of the curve.
A day is considered to be hot even if only one of the meteorological timeslots is
unfavourably hot for sheep (Chekeres 1973).
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Sheep grazing in the Buzaubai region can be used as an example. The sheep here
were shorn at the beginning of May 1994. The temperature-wind conditions for the daylight
hours of 12 May were as follows: at 03:00 air temperature was 23.5QC, wind speed was 3 m/s;
at 06:00 the readings were 28.7QC and 4 m/s respectively; at 09:00 they were 35.6QC and 3 m/s
and at 12:00 they were 36.0QC and 2 m/s and there was more than five-tenths cloud.
Curve (b) of Figure 1.3, is used to evaluate the influence of the weather conditions on
shorn sheep. At 03:00 the point corresponding to the composite of air temperature and wind
speed value (23.5QC and 3 m/s) comes to the left of the curve, indicating good grazing
conditions. At 06:00 the corresponding point {28.7QC and 4 m/s) fell to the right of the curve in
the 'HOT' sector, indicating unfavourably hot grazing conditions for shorn sheep. At 09:00 and
12:00 the air temperature was over 35QC which is unfavourable for shorn sheep, even when it is
cloudy. In this way conditions were only good for grazing at 03:00 on this day. For the other
three readings, conditions were unfavourably hot.
The examples given show the process for evaluating the effect of weather conditions
on pasture grazing, using the example of Karakul sheep in Uzbekistan.
The criteria for unfavourable weather conditions will vary depending on the type, breed
and suitability of the animal to the given climatic conditions of different areas.
Comparing this information with the criteria developed for pasture in Kazakhstan
(Chekeres 1973), we can see that in the winter Uzbekistan's Karakul sheep stop grazing at
much less harsh temperature-wind conditions than the Kazak fine-fleece sheep and even the
Karakul sheep reared in Kazakhstan.
For example, Kazak fine-fleece dams stop grazing on still days at an average air
temperature of -28QC, and the Kazak Karakul sheep at -24QC, but Uzbek Karakul sheep stop
grazing at -20QC. Similar relationships hold true in windy weather that intensifies the effect of
low temperatures.
This is also true of hot conditions. Chekeres (1973) shows that the different breeds of
sheep in the different natural climatic zones do not become depressed under the same
temperature-wind conditions. On a still day fine-fleece sheep on the forest steppes become
depressed at 22QC, fine-fleece and semifine-wool sheep on the desert-steppes at 24QC, coarsehair and semicoarse-hair sheep in the same areas at 25QC, but the Astrakhan and coarse-hair
sheep of the Kazak desert regions become depressed at 27QC. The Uzbek Karakul sheep,
which graze much further south than in Kazakhstan and the other climatic zones, stop grazing
at 30-32QC.
And so, the criteria of unfavourable weather conditions for the management and
grazing of livestock must be found for each type and breed of animal.
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CHAPTER 3
ZOOCLIMATIC EVALUATION OF PASTURE

3.1

INTRODUCTION

The criteria developed for evaluating how favourable weather conditions are for
managing and grazing farm animals enable the particularities of pasture to be singled out,
detailing advantages and also warning of disadvantages with the aim of minimizing or
eliminating unproductive loss and unnecessary waste of labour and capital.
Examples of such evaluations for the most crucial seasons in Astrakhan production in
Uzbekistan can be found below.
3.2

WINTER GRAZING

In Uzbekistan, where warm snowless winters, which are generally favourable for
grazing, give way to cold snowy winters, in which conditions hinder grazing, significant changes
have been recorded in the quantity of non-grazing days from year to year. In some winters a
number of pasture regions have recorded no non-grazing days at all, resulting in the sheep
grazing in the pasture uninterrupted.
In other winters, the low temperatures and snow, unfavourable for grazing, interrupted
grazing for a period of 60-80 days. As a result of such extremely unfavourable winters loss of
livestock, mainly lambs, was recorded, reaching one quarter of the total herd on some farms.
Also Astrakhan production fell, shearing decreased and labour expenses and the cost of
production soared (Gavrielov and Kogan 1976). A similar situation has been noted on Kazak
pasture (Bedarev and Petrashin 1976).
During the non-grazing period, sheep cannot use the forage in the pasture and farms
require emergency feed supplies to feed the animals. For this the number of days for which feed
must be stocked needs to be known.
On Uzbekistan's pasture the average several-yearly figure for non-grazing days varies
between 4 days in south Kyzylkum, 19 days in the north, and 30-32 days in Ustyurt. However
the forage reserved for that number of days would only feed the sheep for half of the winter.
lt is therefore recommended that feed be stockpiled on the assumption that the sheep
will need to use it during the non-grazing period no less than 7-8 years out of 10 (Orlovskii and
Volosiuk 1974; Chekeres 1973).
Connected to the great variation in the number of non-grazing days over time and
space, on the basis of yearly information there is a certain probability with which one place or
another will experience a certain number of non-grazing days, which can be calculated by the
amount of feed given out.
Kedrova (1969) gives the feeding norms for Karakul sheep by age and sex (Table 3.1).
This information allows the amount of emergency feed reserves required by sheep in
various regions of the country during the non-grazing period to be calculated from the 70-80%
winter feed calculation.
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Table 3.1

Feeding norms for Karakul sheep by age and sex (Kedrova 1969)

Group

Unit of
food

Ewes:
Non-pregnant (mass 45 Kg)
In last 2 months of pregnancy.
Suckling and in milk during early
lactation
Suckling and in milk during late
lactation
Rams:
Unmated (mass 60 Kg)
Mating 2-3 times a day
Mating 5-7 times a day
Young;
3-4 months old
4-6 months old
6-12 months old
12-18 months old

Table 3.2

Requirement/head/day
Digestible
Air-dried edible
Digestible
albumen ~a2
mass {a~
~rotein ~a~

0.9
1.2
2.0

69
94
102

76
104
178

2.34
3.12
3.40

1.6

123

135

3.52

1.2
1.5
1.8

90
165
230

99
181
253

2.64
4.05
4.85

0.8
0.9
1.1
1.2

90
94
90
80

99
104
99
88

1.76
1.98
2.46
2.70

Feed requirements for Karakul sheep during the winter non-grazing period
where 70-80% of the feed is provided

Met. Station
Region
Zhasl'yk
Chabankazgan
Akbaital
Kulkuduk
Buzaubai

Amount of feed (kg
of air-dried weight)
151
90
70
63
40

Met. Station Region
Tamdy
Mashikuduk
Ayakagitma
Dzhangel'dy
Astrakhan

Amount of feed (kg
of air-dried weiaht)
48
68
52
39
20

On the basis of the data calculated, a sketch map of the distribution of required
emergency feed reserves by pasture area could be drawn.
3.3

SPRING SHEARING

As shorn sheep are more susceptible to the effects of both hot and cold weather it is
necessary to find the optimum time for shearing in the spring.
Shearing time must be chosen so that on the one hand the sheep are not affected by
unfavourably cold weather conditions, which could lead to catarrhal illnesses and even death,
and, on the other hand, so that no loss of wool is experienced either in quantity or quality due to
delay in shearing and so that the influence of unfavourable heat conditions does not lead to
sheep depression and overheating.
The repetition of unfavourably cold and hot weather conditions in every 10-day-period
is given in Table 3.3.
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Table 3.3

Repetition (percentage of year) of unfavourably cold (C) and unfavourably hot
(H) weather conditions during spring shearing

Met. Station
Chabankazgan
Akbaital
Kulkuduk
Buzaubai
Tamdy
Ayakagitma
Mashikuduk

c
H
c
H
c
H
c
H
c
H
c
H
c
H

April

March
3
100

1
95

60

100

96

84

100

100

88

100

76

100

76

100

79

100

92

64
12
64
4
63
4
78
4

2

May
3
52
4
72
12
84
8
44
16
52
20
67
8
68
17

1
28
10
48
8
68
4
36
40
28
12
30
30
40
25

2
20
23
20
28
44
20
16
60
36
36
27
61
20
71

3
12
80
28
64
44
60
4
96
32
76
4
91
16
92

On the basis that 10-day-periods of both cold and hot conditions are considered
unfavourable for shearing if they are repeated for more than 6 months of the year, we can see
that favourable shearing conditions for sheep fall within a very short period of 10-20 days. This
information allows a sketch map of the distribution of optimum climatic spring shearing times to
be constructed.
However, shearing can happen earlier or later in the year, depending on the actual
recorded and forecasted weather data for that spring. This calls for the following elaboration of
methods of shearing prognosis using the actual meteorological conditions of the year in
question.
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CHAPTER 4
THE INFLUENCE OF THE ENVIRONMENT ON THE HEAT CONDITION OF
ANIMALS, USING THE EXAMPLE OF KARAKUL SHEEP

4.1

INTRODUCTION

One of the most important issues in biometeorology is the evaluation of the heat
reaction between the animal and its environment and possible loss of body heat (Aizenshtat
1974; Chekeres 1973; laroshevskii 1968; Mount and Brown 1982). Such evaluations can be
used to model the influence of weather conditions on livestock productivity (Gringof and
Danielov 1988; Danielov and Gringof 1990).
Farm animals at pasture are exposed to a range of influences from their environment.
The most essential of these are those that determine the sheep's temperature condition. This
situation stems from the basic biological essence of a farm animal as a homoisothermal being,
characterized by a high, constant body temperature. The animal has a highly developed
thermoregulatory system to keep the body at a certain temperature.
The meteorological situation as one element of the external environment determines
the load on the thermoregulatory system. This system is intended to maintain the heat balance
between the animal and its surroundings. The thermoregulatory system is not, however, without
its limits. At certain levels of temperature influence, preconditions to excessive heating or
cooling appear. This has an effect on the animal's condition, grazing conditions and health and,
in extreme cases, can cause the animal's death. When the thermoregulatory capacity is not
exceeded, but the animal experiences prolonged periods of heat or cold, the heat regulation
process leads to a negative qualitative interruption in the body. This could be the reason for the
fall in the quantitative productivity index.
Methods of evaluating the influence of weather and climatic conditions on the animals'
regime are needed in order to solve the problems related to the territorial distribution of climatic
resources in conformity with livestock production and also the issues of acclimatizing animals to
new climatic conditions, etc. The best scientific method of this type of evaluation of heat
condition is the heat balance method that reflects the parity of heat input and output, i.e. the
conditions of the animal's heat equilibrium with its environment.
The animal's heat and radiation balance calculation is a more detailed method
developed by Aizenshtat (1974) and applied to the accumulative heat balance for Karakul
sheep by Babushkin, Mukhtarov and Vasil'eva (Aizenshtat et al. 1991; Babushkin et al. 1991 ).
4.2

THE BASIC HEAT BALANCE EXPRESSION

The animal's body is not uniformly covered by the fleece: some parts are well covered,
in others cover is thin or totally lacking. This factor is taken into account when writing the heat
balance equation.
The basic form of the heat balance is as follows:
(1)
Where Ra and R8 are the radiation balance values of one unit of skin surface under thick and
thin fleece respectively; Pa and P8 are the values for heat exchange between the skin and the
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fleece for the given types of fleece respectively; Pc is the heat exchange between the surface of
respiratory channels and air during breathing; Q is the animal's heat production; Pr is heat
expenditure from the evaporation of sweat and other unaccounted energy expenditure; L is
latent heat emission; LE1 is the heat lost through the evaporation of moisture in the respiratory
channels; F is the total surface area of the animal's body and a and b are the portions of the
body with thick and thin fleece cover.
The basic expression of accumulative heat balance which can be applied to different
types of animals, taking their different physiological and biometric particularities into account, is
given below.
The actual figures given are those relevant to Karakul sheep reared in Uzbekistan.

4.3

THE ANIMAL'S RADIATION BALANCE

One of the factors of the accumulative heat balance given is the radiation balance,
which has a high value in hot climatic conditions.
An approximate geometrical model of the animal is used, reflecting the irradiation
conditions of the animal's real body, to solve the radiation balance problem.
For the model Aizenshtat (1974) took a horizontal cylinder with rounded ends in which
the lateral sides had rectangles cut into them to reflect the difference in width at the flanks and
the animal's height.
The basic numerical parameters of the approximate geometrical model are the radius
of the cylindrical part p, the length of the horizontal cylinder discounting the rounded ends I and
the height of the side sections of the horizontal cylinder H.
The variable parameters p, I and H can be obtained in sufficient geometric similarities
to the body of different animals.
The radiation balance of the skin surface for the given model R is given in the sum of
the radiation balances of the body parts with thick and thin fleece, as follows:

R

= aRa +

bRb

(2)

The radiation balance equation for the body parts covered with thick fleece is as follows:

Ra =

11

sh 0

r t

+ 11 long
Where

(a ) [
(a)

s

+ D + r .c ( 1 - cp ) + r T cp ](1 - A k ) +
[u x.A + u z.x.c (1- (/J) + u z.x.T({J - u x ]
X

X

X

X.

(3)

Sx and Dx are direct and dispersed solar radiation reaching one unit of the animal's

body surface (skin); rx.c and rx.T are hemispherical rays of reflected radiation, coming at the
animal's body from ground, exposed to sunlight (c) and from ground in the shade, thrown out by
other animals (T); Uz.x.c and U z.x.T are hemispherical rays of heat radiation, coming at one unit
of the animal's body surface from ground exposed to sunlight and from ground in the shade;
Ux.A is atmospheric radiation which reaches the body; U x is the radiation from one unit of the
animal's skin surface; ~ is the skin reflection factor; CfJ is the irradiation coefficient which
shows which part of the hemispherical radial rays, from the surface of shady ground, come at
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the animal's body; 11 short<aJ and 11long(a) are the permeation coefficients of short-wave and
long-wave radiation through the fleece, which are characterized by the relationship between the
radiation which reaches the skin and that which falls on the ground.
The expression for the parts of the body covered by thin fleece can be written in the
same way.
By Aisenshtat's (1974) transformation the skin surface radiation balance equation can
be expressed in the following way:

R

= ~
+

Where

(a 17 (a )s h o r t + b 17 (

s h o r t )(1 - A k

b)

~

tzc is

(a 17

(a) long

+ b 17

)fJ [t

(b) long

)[

A

2 S x + D + rc ( 1 - qJ ) + r T qJ ] +

+ t zc (1 - qJ ) + t T qJ - 2 t k

the temperature of the ground surface in the sun;

ground surface in the animal's shade;

tk

atmospheric radiation temperature and

f3

t zT

(4)

is the temperature of the

is the animal's average skin temperature;

tA

is the

is the coefficient, denoting heat exchange radiation

at different temperatures of radiated surface (QC). The value of t A and
using the following formula:
tA

]

f3

can be calculated

= (t + 273)~(o.65 + o.os.J;)(1 + o.22N 2 ) - 273 Qc

(5)

(6)
Where e is the elasticity of airborne water vapour (mb); t is air temperature at the level of the
livestock and N is the number of clouds in parts of a whole.
The flow of direct solar radiation

is calculated using the following formula:

(m -1)(~1- cos hcos qJ) +(m -1)(n -1)(coshsinqJ)
2

s =s

Sx,

2

n(m+n-1)+2(m-1)(n-1)

x

+

n

(n -1)cosh++

4
n(m + n - 1) + 2(m - 1)(n - 1)

(7)

Where h is the height of the sun above the horizon, qJ is the angle between the inclined axis of
the cylinder and the horizontal projection of the suns rays; m and n are the fixed parameters
which give the relationship of sizes between the different elements in the given model as
follows:

1+2p
m=-2p '

H+2p
2p

n=---

(8)

The size m shows how much longer the body is than it is wide; and n denotes the relationship
between body height and width.
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The size of the skin's radiation balance for Karakul sheep in fleece when the sun is at
its highest varies throughout the year from 1-4 W.
Spring and autumn shearing leads to an increase in the body radiation balance of
Karakul sheep, which have had their fleeces removed, to 28-30 W. Constructing some form of
shelter for the sheep reduces the size of the radiation balance to 14-16 W

4.4

HEAT EXCHANGE BETWEEN SURFACE OF SKIN AND FLEECE

When solving the problem of heat exchange between the surface of the skin and the
fleece, the latter may be represented as some form of layer made of pure wool containing air.
Depending on the structure of the fleece, its conduction of heat can vary enormously.
On windy days its heat conducting properties increase as the wind gets stronger. The size of
the heat exchange between one unit of skin surface and a layer of thick fleece is represented as
follows:
pa

=

Y

a

{t oa

-

t k)

Where t aa is the average temperature of the surface of a thick fleece and
of heat exchange between the skin and the fleece.
The relationship between

Ya

(9}

Ya

is the coefficient

and wind speed V is shown in the following form:

(10)
Where

r:

is the heat exchange coefficient in the absence of wind, which relates to the

coefficient for heat conduction A and thickness of fleece Z in the following way:
(11)
Where k is the proportionality coefficient.
Coefficient c in equation (1 0) can be found through experiments. As a rough guide it is
considered to be equal to 0.3. According to Yaroshevsky (1968), the average value A for the
fleeces of fine-fleece sheep in natural conditions is 0.00020 call (cm·S·Q).
When making these calculations the variation in thickness of fleece over time must be
taken into account. This depends on the individual particularities of the animals, moulting and
also on shearing.
The thickness of the Karakul sheep's fleece grows in the autumn-winter period from
0.5 cm after the autumn shearing to 4.0 cm in early spring, after which it drops again to 0.5 cm.
By the time autumn shearing comes round again the fleece reaches 2.0-2.5 cm, after which the
cycle of fleece growth is repeated.
The results of the expression for Pa take on the following form:
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P,

~

~;)

(

)

a + f3 1 - 1J long + ra

{a(t- tk) + _!_(1-1](a)short- A )[2Sx +
2
0

+D +re (1- cp )+ rTcp ]+ ~ (1-1](a)zong )[ta

+tzc(1-cp )+ tzTIP- 2tk J}

(12)

Where Ao is the fleece's reflection factor; and a is the coefficient for heat exchange by
convection between the surface of the fleece and its environment.
The expression for heat exchange between the skin and thin fleece has a similar form,
the only difference being that the corresponding term is written with subscript b.
The average value for heat exchange between the skin and the fleece Px , taking the
variation in thickness into account, is given in the form:

~=a~ +b~

(13)

Unlike body temperature, skin temperature, which is entered into the equation, is not a
constant value. Whether in direct contact with the external environment or insulated from it by
the fleece, or on the sunny or shady side of the animal, the surface of the skin reaches a given
temperature, which is different to body temperature. Moreover, skin temperature depends on
wind speed, cloud cover, animal's condition and other factors.
The temperature of the skin was measured, in the field, on both the sunny and shady
sides of the animal, once it had been standing in the sun. An average was taken and used as
the skin temperature value. In order to establish the relationship between skin temperature and
air temperature all the information acquired was divided into two groups: shorn sheep with less
than 1 cm of fleece and sheep in fleece. The information was not included from days when the
sun was behind the clouds or wind speeds were over 5 m/s.
The connection between skin temperature and air temperature for sheep in fleece was
sufficiently close, expressed by the following equation:

tk

= 0.12ts + 37.06, r =
stk = +0.95,
n = 47,

0.77 ± 0.059,
12 : =:; t8 : =:; 41

(14)

After shearing the equation takes on the form:

tk
stk

= 0.42t 8 + 30.25,
= ±1.37,

n = 25,

r

= 0.58 ± 0.133,
20::=:;; t 8 : =:; 30

(15)

After shearing the sheep no longer have their fleece with its insulating properties and
the skin is more exposed to the influence of meteorological and radiation conditions. As a result
the closeness of connection between the given indices is weaker than for sheep in fleece.
The size of the animal's heat exchange with its environment through convection has a
negative value almost all year, that is to say heat is being emitted from the Karakul sheep's
skin. In July, when air temperatures are at their highest, the heat exchange value becomes
positive, indicating flow of heat to the skin. The value becomes negative again in August. Heat
loss rises sharply after shearing.
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4.5

HEAT OUTPUT THROUGH EVAPORATION IN RESPIRATORY CHANNELS

eat expenditure through evaporation in the respiratory channels can be expressed in
the following relationship:

(16)

Where W is lung ventilation volume (1/min); L is latent heat;
in exhaled air (mb);

ee is the elasticity of water vapour

e is the elasticity of water vapour in external (inhaled) air (mb); te is the

temperature of exhaled air (QC) and K and Kt are constant coefficients.
Taking the characteristic values of L and

t e into account, Aizenshtat (1974) transforms

the formula into the following simple form:

LEe = 0.41W( ee - e)cal!min
4.6

(17)

HEAT EXCHANGE BETWEEN SURFACE OF RESPIRATORY CHANNELS AND
THE AIR

The size of the heat exchange through breathing is connected with the heating or
cooling of the air in the animal's respiratory channels. lt is calculated as follows:
(18)

Where p is air density (g/cm 3l; cP is the thermal heat capacity of air under constant pressure
(cal/(g·Q)); t is external air temperature (QC); b' is atmospheric pressure (mb) and bo is air
pressure at sea level (mb).
Heat emission from respiratory channels in sheep plays a major role in providing a heat
outlet from the body, equalizing the heat balance and maintaining body temperature at a given
level. The main role in this process and in similar conditions is played by the rate and depth of
breathing which determines the volume of air going through the lungs.
Breathing rate is the most sensitive and obvious characteristic, reflecting the influence
of external heat conditions on the sheep.
According to Paducheva (1955), with an increase in temperature, breathing rate
increases on average from 20 breaths/m in at 3QC to 103 breaths/min at 30QC and in some
cases reaches 200+ breaths/ min, which shows the thermoregulatory function of breathing.
The air temperature above which a significant increase in breathing rate can be
observed, together with a corresponding increase in heat emitted from the respiratory channels,
is critical and has its limits. To start with, the animal must consciously decide to engage the
breathing mechanism to regain the heat balance. Sheep become sluggish, bunch into groups
and hide their heads in each other's shadows when temperatures exceed the critical value. The
critical air temperature and breathing rate depend on a whole range of external and internal
factors: the animal's physiological condition, catarrhal illnesses, presence or absence of fleece,
wind speed, cloud cover and many others. They also depend on the season of the year and
Astrakhan farming activities (Table 4.1 ).
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Table 4.1

Critical air temperature and its corresponding breathing rate gradient by season
Critical air temperature
(2C)
19-20
23-24
30-31
23-24

Season
Spring, lambing
Spring, after shearing
Summer, growth
Autumn, after shearing

Breathing rate gradient
(breaths/min)
80
220
180
50

All the critical temperature values given are for still, sunny days.
High air temperatures that cause short breath simultaneously lead to an increase in the
volume of lung ventilation and a reduction in depth of breathing.
Statistical analysis by Aleekseeva (1953) and Paducheva (1955),concerning
information on gas exchange in Karakul sheep has enabled the relationship between lung
ventilation volume (W) and breath rate (v) to be shown as follows:

W

= 0.34 V+ 0.50,

Sw

= ±3.95,

n

=57,

r = 0.91± 0.015
15~ V~

200

(19)

This enables lung ventilation to be calculated using the given breathing rate values.
The size of heat exchange between the surface of the respiratory channels and internal
air can have either a positive or negative value.
When air temperature is lower than lung temperature, the heat exchange value is
negative. This indicates that heat is being lost from the surface of the lungs.
When air temperature reaches and exceeds lung temperature, the heat exchange
value becomes positive, indicating that heat is flowing from the air to the lungs.
4.7

UNACCOUNTED HEAT LOSS

The accumulative heat balance given earlier enables the heat loss, which has not yet
been accounted for, to be calculated, including heat lost through the evaporation of sweat. This
loss can be calculated from the heat balance equation as a residual value once the other
elements of the accumulative heat balance listed above have been determined.
The size and pole of unaccounted heat loss (Hr) indicates a lack or a surplus of energy
required to keep the body at a constant temperature, using both physical and chemical
thermoregulatory mechanisms.
The average monthly heat balance value for Karakul sheep at midday (Table 4.2) is
calculated on the basis of meteorological and actinometric information for the central part of
Kyzylkum. The basic reports on heat production ( Q) were taken from the work of Aleekseeva
(1953) and Paducheva (1955).
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Table4.2

Month
January
February
March
April
May
June
July
August
September
October
November
December

Average monthly value denoting the Karakul sheep's heat balance at midday

R
1
2

2
2
28
3
3
3
28
2
1
1

Heat balance characteristics
p
-LEI
-190
6
-180
7
-131
8
-78
12
-132
16
-4
27
13
30
-10
26
-130
22
-162
11
-162
8
-180
7

(W)
PI
-8
-8
-7
-5
-3
-1
0
-1
-4
-5
-6
-8

P,
-120
-115
-27
36
10
100
113
78
-32
-114
-122
-144

Key: R = body surface radiation balance, P =skin surface heat exchange by convection, -Lq =
heat lost from the respiratory channels through evaporation, A = heat exchange in the
respiratory channels through the breathing process, Pr = lack or surplus of energy required to
maintain the heat balance.

Analysis of the accumulative heat balance is a physical basis for developing methods
to evaluate the energy load on the body of grazing animals. The calculation, evaluation and
time-space distribution of these loads are required to develop methods of minimizing their
unfavourable effect on grazing animals.
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CHAPTER 5
UTILIZATION OF SATELLITE INFORMATION IN DETERMINING FORAGE
RESERVESINDESERTPASTURE

Desert pasture vegetation is characteristically sparse and has relatively low
productivity. Non-uniform rainfall dictates different growing conditions for pasture vegetation
both between regions and from year to year. This necessitates a yearly survey of pasture
(vegetation cover) condition and productivity over large areas.
Such surveys are conducted with the help of photographs that are based on the link
between optical properties of the soil-vegetation cover system and its range of models and the
spectrum brightness coefficient with the vegetation cover quantity. lt has been established that it
is the red (600-900 nm) and near infra-red (750-11 00 nm) parts of the spectrum that are the
most sensitive to vegetation cover dynamics (Kharin 1975; Kharin 1991 ).
Aerial photographs of pasture are taken from planes and satellites to efficiently
determine forage reserves in desert and semi-desert pasture from a distance. Maps of the
distribution of yield size of pasture vegetation are drawn up on the basis of the information
obtained, enabling speedy orientation between the dispersed forage reserves in the pasture and
also the calculation of forage reserves for the other seasons of the year (Fedoseev 1964).
Direct application of photography to satellite information in order to evaluate vegetation
cover is inaccurate, due to the atmosphere's distortive influence and the anisotropy of reflective
properties of objects on the ground and conditions of exposure at the different places scanned
by the territorial satellite (and the different heights of the sun).
The effect of anisotropy of reflective matter in desert pasture can be reduced if the
information used is only that which relates to the central strip recorded by the satellite at small
angles. Only satellite information collected on clear days with stable atmospheric conditions,
evaluated by surface analysis, is used.
The information obtained undergoes radiation and radiometric correction and is
transformed onto a cartographic base.
Calibrated satellite information is used to determine the brightness coefficient of objects
on the ground to eliminate atmospheric distortion. To do this satellite imitation standardization
occurs, consisting of establishing links between the brightness coefficients of a range of fixed
satellite equipment objects and the results of satellite information on these objects (optical
density of their image or numerical information).
This enables the utilization of satellite information to determine the brightness
coefficients of objects on the ground as, once standardized, the objects are under the same
lighting conditions as the other objects for which brightness coefficients must be found. The
brightness coefficient for standardized objects can be determined from the ground or from a
plane.
In order to create a reliable relationship between brightness coefficients of
standardized areas and the strength of signal, corresponding to the brightness of the object, at
least 20 areas should be standardized. When choosing standardized areas it is necessary to
include brightness coefficients for standardized areas in the working part of the spectrum,
covering the whole range of brightness coefficients in the region under survey.
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The relationship between satellite information and the actual brightness coefficient
value for standardized areas is shown either on a graph or with the corresponding function. The
relationship obtained enables the given satellite information to be transformed into a wealth of
information on brightness coefficients for objects in the region being surveyed.
The relationship of standardized brightness in two parts of the spectrum, red and
infrared, is applied to reduce the effect of the soil's reflective properties. In this way the wealth
of information on the objects' brightness coefficients is transformed into a wealth of brightness
coefficient relationships.
The average several-yearly relationship between brightness coefficients and
parameters of pasture vegetation is constructed from several years' worth of information from
both aerial and surface observations.
The extent of vegetation cover for each pasture area can be determined with the help
of this relationship (Fedoseev 1964).
The end product of this work is a sketch map of the distribution of the yield size of
pasture vegetation that is divided into equal squares in which the number corresponds to the
average vegetation cover figure for the square.
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CHAPTER 6
SUMMARY OF RESPONSES TO QUESTIONNAIRE ON INFORMATION REQUIREMENTS
FOR LIVESTOCK AND PASTURE PRODUCTION

Arid and semi-arid climates are defined by insufficiencies in atmospheric moisture at
high air temperatures. According to different authors, the area of arid land covers from 47.8 to
57.0 million km2 or 33-43% of the land's surface (Zonn and Orlovskii 1984). Pasture livestock
production is important in the agriculture of these areas.
In order to explain the information requirements for livestock and pasture production a
questionnaire was sent out and replies were received from 42 countries. The majority of
countries that replied had arid or semi-arid pasture occupying from less than 1% (Venezuela) to
95% (Botswana) of total pasture. This pasture is, in the most part, a home to sheep, goats and
cattle and less often to camels and donkeys.
In the majority of cases the animals are at grass all year round. However, in most of
Kazakhstan, Armenia, Moldova and sometimes in Syria, the animals are kept in barns when the
weather is bad. Kazakhstan, Armenia, Iran, Macedonia, India, Syria, Greece and a number of
others apply a seasonal rotation to their pasture utilization, moving animals on to new pasture.
They also drive their livestock into fences to protect them from bad weather.
Most countries that raise livestock need agricultural information. In Venezuela
production activity is greatly influenced by the rainy season.
The replies showed that Kazakhstan, Turkmenistan, Kyrgyzstan, Uzbekistan, Moldova,
Venezuela, Mozambique, Syria and several others utilize a quantitative value in the evaluation
of a number of unfavourable weather conditions for livestock grazing. Other countries indicated
only qualitative features of weather conditions, which led to the death, illness and loss of weight
or productivity of the animals. The reports concerning the methods/models of evaluating grazing
conditions were of great interest.
Kazakhstan and Uzbekistan widely use methods of evaluating grazing and
management conditions of farm animals based on biometrics, including air temperature, wind
speed, amount of rain, depth and density of snow and unfavourable atmospheric conditions.
Aerial photography of the pasture is used to determine vegetation cover in order to draw up a
map of forage reserves. The fundamentals of these methods are detailed below.
China widely uses remote sounding and satellite data. Information on this can be found
in the book "Climate and Farming in China". Unfortunately the Rapporteur was unable to use
this information as he did not have this book.
Botswana details similar methods/ odels in its book on Territorial Monitoring, the
Textbook on Territorial Management and the guidelines for Inventory Making and Technical
Monitoring in Botswana. They use satellite information and photographs to evaluate their
territory by classification of plants so as to draw a map of vegetation cover and evaluate pasture
degradation.
The method used in Canada is based on models and management conditions. NDVI,
NOAA and AVHRR (advanced very high resolution radiometer) satellite information is used to
list similar areas and to determine the percentage of the area under management.
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Little information was received regarding methods of evaluating the economic
efficiency of the utilization of agrometeorological information.
Botswana has developed a cycle evaluating the evolution of arid territory and the
condition of animals and forage reserves including a programme of measures to reduce drought
conditions. Timely reaction to the influence of drought conditions reduces the loss of domestic
cattle.
Bangladesh noted that the utilization of diverse agrometeorological information related
to livestock and pasture production brought significant economic advantages and could prevent
further losses.
The examples given show that many arid and semi-arid countries have a wellestablished system for collecting, processing and applying the agrometeorological information
required for livestock and pasture production.
The author would like to thank all those who completed and returned the
"Questionnaire on validation of Information Requirements on Livestock and Pasture
Production".
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CONCLUSIONS

The information presented shows the ways in which hydrometeorological information is
used in the evaluation of grazing conditions for sheep and the condition of grazing animals,
required for the hydrometeorological management of pasture livestock production in order to
protect the livestock and increase and improve production.
Use of satellite information enables effective evaluation of pasture forage reserves, not
only for the time in hand, but also to make calculations for the other seasons.
This information is used both for the effective hydrometeorological management of
pasture livestock production and in the development of models showing the influence of
weather conditions on animals' productivity when the pasture has been divided into zooclimatic
districts.
The replies the author received have shown that many countries have interesting
methods/models for evaluating grazing conditions, pasture productivity and the use of satellite
information to reach this goal. This information has not been used as it was too brief. lt would be
extremely useful for this information to be made available for wider application by user
associations.
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CHAPTER 1
PASTURE MANAGEMENT AND liVESTOCK PRODUCTION IN KAZAKHSTAN:
BASIC REQUIREMENTS FOR METEOROLOGICAL AND
AGROMETEOROLOGICALINFORMATION

1.1

INTRODUCTION

In Kazakhstan, pastures and haylands make up a total area of some 190 million
hectares in various natural zones, namely forest steppe, steppe, semi-desert, desert, piedmont
desert and low upland steppe, mountain steppe and high mountain areas with patches of
meadowland (Figure 1.1). However, the principal natural fodderlands are found in desert and
semi-desert zones or border on steppe areas. In the rest of the country fodderlands are
scattered in individual pockets intermixed with areas of arable land and forest.
The natural plant cover is heterogeneous and complex. The dominant vegetation in the
forest steppe and steppe zones are grasses and mixed grass and broad leaf (Stipa
rubens,S. pennata, Festuca sulcata, Phleum ph/eoides, Koe/eria gracilis), Artemisia spp.,
grasses and mixed grass and broadleaf (Stipa rubens, Peucedanum morisonii, Ph/omis
tuberosa, Galium verum, Filidendu/a hexapetala, Veronica longifo/ia, Artemisia g/auca, A.
sericea, A. austriaca) or sod-forming grasses (Stipa rubens, S. capillata, S. lessingiana,
Agropyron desertorum, A. rectiniforme, Helietotrichon desertorum). Summer yields are from 0.30.6 to 0.5-0.1 t/ha. On semi-desert pastures, sod-forming grasses are found together with
Artemisia spp. (Artemisia lerscheana, A. sublesingiana. A. albida, A. austriaca, A. frigida, A.
terrae albae) and salines (Kochia prostrata, Camforosma monspeliacum) giving yields of 0.3-0.4
t/ha. Pastures in the northern desert zone have a wealth of subshrubs, principally Artemisia spp.
(Artemesia terrae albae, A. turanica, A. /erscheana, A. a/bida, A. /esingiana, A. sublesingiana,
A. pauciflora) and salines (Anabasis aphilla, A. sa/sa, Kochia prostrata, Sa/sola laricifolia, S.
rigida, S. arbucsula, Atriplex capa). In the southern desert zone ephemerals are the dominant
form of vegetation (Poa bulbosa, Carex pachystylis, C. phisodes, Bromus tectorum). Shrubs are
widespread on sand and sandy soils in the desert zone (Ho/oxylon aphyllum, H. persicum,
Eurotia caratoides, Ca/ligonum aphillum, C. /eucocladum). Yields from desert pastures vary
from 0.2 to 0.6 t/ha. Grasses predominate in meadows in low upland areas (Phragmites
communis, Elymus giganteus, Agropyrom repens) giving yields of 0.5-1.0 t/ha. Desert-steppe
and steppe pastures have Artemisia spp., sod-forming and mixed grass and broadleaf
vegetation (Artemisia sublesingiana, A. frigida, Stipa capillata, S. rubens, Festuca sulcata,
Calamagrostis epigecios, He/ictotrichon asiaticum). Among the steppe vegetation in middlealtitude uplands, grasses and mixed herbage predominate (Helietrichon asiaticum, Zizifora,
Gallium verum, Festuca sulcata, Stipa capillata, S. rubens, Poa menoralis, Salvia deserta). In
high mountain meadows the mixed herbage and grasses vegetation group predominates
(Geranium saxatile, Festuca kry/oviana, Cobresia capiliformis, Carex melanantha, Alchemilla
vulgaris, Poa hissarica, Prangos pabu/eria, Carex stencarpa). Yields from mountain pastures
vary from 0.3-0.5 to 1.0-1.8 t/ha and in high mountain meadows from 0.7 to 1.0 t/ha.
Livestock production in Kazakhstan is mainly centred on sheep. In the 1980s its
pastures carried some 36 million head of sheep, 10 million head of cattle, horses and camels,
and up to 0.5 million head of wild stock, chiefly saiga. Some 2.5 ha of pasture is needed per
livestock unit. During the 1990s livestock numbers in the Republic declined sharply. In desert
conditions, stock is kept at pasture for a large part of the year, this being the principal way of
managing livestock. Seasonal use of pastures is involved, whereby stock is grazed in the desert
zone mainly in the transitional and cold periods of the year and in the summer is taken to
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mountain pastures. In the northern half of the Republic, pastures are used for grazing
throughout the warm period of the year, while in winter stock is kept wholly or partially under
cover. Hence pasture management and livestock production in Kazakhstan, as well as their
yield, largely depends on local climate and weather conditions.
From the 1960s to the 1980s, in view of the importance of the issue, a fairly well
developed system was in operation in Kazakhstan to provide hydrometeorological services for
grazing stock. During this period over 50 meteorological stations were in operation in the areas
where livestock was being pastured. In addition to standard meteorological information, these
stations routinely forwarded to the national hydrometeorological centres data on the
development and yield of pasturage plants recorded at enclosed observation sites as well as
information on the current condition of grazing stock and the farming procedures in progress in
the various districts (lambing, shearing, movement of stock, haymaking). Information was also
returned by way of the stations to districts with grazing stock, including warnings of hazardous
weather conditions and advice and information on how to achieve best results with grazing
stock. Agrometeorological information, including forecasts of fodder stocks on pasturage
throughout Kazakhstan, was also sent to the Ministry of Agriculture and its regional directorates
to assist in decision making with regard to pasture management and livestock production. At
present, the system for providing hydrometeorological information for grazing stock, like the
agricultural sector in Kazakhstan, is undergoing reform.
1.2

PRINCIPAL CLIMATE AND WEATHER FACTORS DETERMINING THE CONDITION
AND YIELD OF NATURAL VEGETATION

Under the agroclimatic zoning system developed by Fedoseev (1964), the principal
areas of production of natural fodder plants are concentrated in the very arid and arid zones. As
can be seen from Table 1.1, the agrohydrological indicators for these zones show the soil to
receive very little or little wetting in the spring. In order to compare the conditions under which
native vegetation grows in the different natural zones (Figure 1.1 ), indicators of the conditions
of moisture and warmth affecting plants were developed by Fedoseev, although only for the
period of intensive growth. These showed that in conditions where moisture was inadequate the
use plants made of largely adequately warm conditions was reduced by a factor of 3-4. Thus, of
all external environmental factors affecting Kazakhstan pastures, it is moisture content that
generally determines the growth and development of plants and fodder build-up, quality and
usage. For assessment and forecasting of the condition and yield of herbage on pastureland,
various indicators of moisture content are used such as the amount of precipitation during the
cold period of the year, the reserves of moisture in the soil, the depth of wetting of the soil in
spring, and moisture content indices giving the relationship between input and output in the
water balance at the root zone of the soil (Fedoseev 1964; Bedarev and Korobova 1971, 1978,
etc.) The above authors have developed a number of simple regression equations for
calculating the yield of pasture vegetation on enclosed plots used for agrometeorological
observation. For example, according to Korobova and Bedarev (1978), these equations take the
following form for plant communities in the Betpakdala and Muyunkuma deserts:

and

Y, = 0,48 X- 0,08
Artemisia spp. and salines on clay soils

(1)

Y2 = 0,19 X+ 1,04

(2)

mixed grass and broadleaf and shrubs on sand
Where,
Y 1 and Y2 are maximum yields for the growing season, in t/ha dry weight;
X is the total precipitation in December-May, in mm.
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Table 1.1

Agroclimatic conditions governing yield of haylands and pastures in Kazakhstan
(after Fedoseev 1964)

Natural zone

Moisture status

Moisture
content index
M

Sum of positive
air temperatures

ac

for warm period of

to maximum

~ear

~ield

Forest steppe

Moderately moist

0.40-0.59

2370

1520

Steppe

Moderately dry

0.30-0.39

2570

1280

Semi-desert

Very dry

0.20-0.29

3200

1150

Typical (northern)
desert

Very dry

0.10-0.19

3620

1060

Southern
(ephemeral) desert

Very dry

0.10-0.20

5070

1200

Piedmont desert

Dry

0.21-0.30

3830

1350

Piedmont steppe

Moderately dry
and moist

0.31-0.50

4190

1400

Mountain steppe

Moist

0.51-0.70

3010

1270

Mountain forest

Very moist

0.71-1.20

1980

1330

High mountain

Extremely moist

>1.20

840

740

In the case of hay meadows, forecasts of yields from moisture-loving grasses on the
flood plains of major rivers are based on indicators such as the volume of water entering the
flood plain, the maximum flow rate and level of water in the river channel measured at
hydrological posts located upstream and water-table depth (Lebed 1980, 1988, 1990). Thus, for
example, hay harvest yields from river flood plains in southern Kazakhstan may be calculated
from an empirical model of the general form shown in equations (3) and (4).

(3)

and

Where:
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A is the forecast hay harvest yield, in t/ha;
Amax is the maximum hay yield for the locality concerned, in t/ha;
Ai is the magnitude of the yield expressed as partial functions of environmental
variables, in comparative units;
3
xiyi are variable hydrometeorological and agricultural conditions, in km , ms/s, cm from
an arbitrary zero, ha;
x0y 0 are optimum valu~s of X1Y1; and
8, z, a, b are equation parameters.
In addition, the yield of grass from water meadows may be calculated from data on the
seasonal changes in the properties of the area covered by water (Vatutin 1981 ). Currently this
information may be obtained from aerial and space photography. Where the flow of water to
individual areas of meadow is controlled, the factors determining rates of grass growth and
development and grass yields are the date of the inflow, the length of time water remained
standing, the depth of the water layer, the water quality and the temperatures of air, water and
soil (Figures 1.2 and 1.3).
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Variation of air, water and soil temperatures in the flood plain of the river Chu in
the Zhambyl region (Lebed 1980)
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Yield (in comparative units) of meadow grass in the flood plain of the river Karatal
in the Almaty region in relation to discharge of water from the river channel
(Lebed 1980).
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Where stock is grazed on pastures on a controlled basis, a very important indicator of
the condition of the vegetation is the vigour of aftergrowth on a pasture following (Bedarev,
Korobova, 1971 ). They found that the vigour of aftergrowth on pastures in Kazakhstan was
directly dependent on the precipitation during the period and the time of year grazing had taken
place.
Agroclimatic information is also used in determining measures to improve pastures by
sowing phytomeliorants on degraded sections of pasture. Thus, in southern Kazakhstan the
vigour of phytomeliorant seedlings will depend on the soil moisture reserves in autumn and
spring, the frequency and strength of periods of thaw during the winter and on spring frosts
(Korobova, 1990; Nurberdiev and Rejzvikh, 1992; Shamen 1998).

1.3

PRINCIPAL CLIMATE AND WEATHER FACTORS DETERMINING THE CONDITION
AND PRODUCTIVITY OF SHEEP AT PASTURE

In Kazakhstan, keeping sheep for a lengthy period of the year on open pastures means
that the condition of the animals and their productivity is largely dependent on local climatic
conditions and on seasonal changes in the weather. During the cold season, the basic
meteorological elements that determine the condition of an animal at pasture are air
temperature, wind speed and precipitation. The availability to stock of green fodder on pasture
is governed by the depth and consistency of the snow cover and formation of ice crust. The
weather conditions affecting winter grazing of sheep in Kazakhstan have been studied in detail
by a number of authors (Chekeres 1973; Petrashin and Pushniak 1979; lvanov, 1986). They
determined threshold values for meteorological components from which conditions determining
unrestricted grazing (or removal from grazing) could be assessed for sheep of different breeds
and different sex and age groups during the winter period. According to lvanov (1986}, a
comprehensive assessment of conditions unfavourable for grazing sheep during the winter is
given by the function:
(5)
where,

Q-r is the overall assessment of the unfavourability of condtions for grazing sheep during
period -r, in frctional units
Ot,v is a function giving the effect of air temperature(,) and wind speed (v);
Qh,ct is a function giving the effect of height (h) and density (ct) of snow cover;
Or is a function giving the effect of precipitation (r); and
Oya is a function giving the effect of fog and other phenomena (ya).
The conditions under which sheep are grazed on pastures in Kazakhstan during the
summer generally determines the meat yield, the wool clip and breeding results. High air
temperatures and strong solar radiation during the summer upsets the animal's heat exchange
mechanism leading to lowered intake and assimilation of fodder and to weight loss. The
conditions governing the grazing of stock on Kazakhstan pastures in the hot season has been
studied in detail by several authors (Koniukhov 1972; Chekeres 1973; Kozhakhmetov, 1990).
They have worked out a number of criteria for evaluating the effects of meteorological
conditions on sheep at pasture in the hot season, including after lambing, shearing and the long
drive from winter to summer pastures. Thus Kozhakhmetov (1990} found that the best time for
the spring shearing of sheep in the southern districts of Kazakhstan was when the sum of
positive air temperatures had reached 550°C.
In recent years, a method has been developed in Kazakhstan for assessing the
productivity of sheep in the light of weather conditions and pasture yields for the previous and
current years (Kozhakhmetov and Baisholanov, 1996). These authors proposed a multiple
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regression equation for calculating basic sheep productivity indicators, of the following general
form:

(6)
where,
Y1 is the number of lambs per 100 dams;

Y2 is the wool clip in kg/head;
X1 is the yield of grass on pastures in the hot season of the previous year;
X2 is the duration of the period of hot weather for sheep in the previous year, in days;
X3 is the duration of the period of cold weather for sheep following the autumn shearing
of the previous year, in days;
X4 is the duration of the period during the winter of the current year where there was no
grazing, in days;
X5 is the air temperature during the period of early spring grazing of sheep and lambs, in

oc;

X6 is the amount of precipitation during the period of early spring grazing of lambs, in
mm; and
ao, a1, a3, a4, as, aB are equation parameters.
Thus, for example, the equation for calculation of the number of lambs expected on average for
the Almaty region is as follows:
Y = o,081 X1 - 0,69

x3 + 1,56 Xs- o, 17 x6 + 121

(7)

Information on hazardous natural meteorological phenomena such as high winds,
heavy rain, snowstorms, dust storms, fog and ice glaze is especially important for grazing stock,
and it needs to be provided in good time to areas where sheep are pastured (Shamen et al.
1998).
Similar research to assess the effect of a variety of environmental parameters on
sheep of the Karakul breed has been carried out in desert conditions in Uzbekistan (Babushkin,
Murkhtarov and Vasil'eva, 1996). This was based on work done to determine the effect of
weather on the condition and productivity of reindeer herds in the cold climate zone of Russia
(Danielov, Gringof, Germogenov, 1995). These authors based their assessment of reindeer
productivity on a 'weather-reindeer' dynamic statistical model. Work has also been done in
Mongolia to develop methods to assess the effect of weather conditions on the local breed of
sheep (Sangidansranzhav and Tuvansuren, 1989). These workers developed a dynamic
statistical model for properly nourished sheep using indicators of the condition of Mongolian
pastures and weather conditions. As with the 'weather-reindeer' model, these form the basis for
equations relating to the energy balance in the animals concerned.
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CHAPTER 2
OBSERVATION OF THE VEGETATION OF NATURAL PASTURES AND HAYLANDS
IN KAZAKHSTAN AND THEIR ENVIRONMENTAL CONDITIONS

2.1

INTRODUCTION

In recent decades field observations have been carried out on natural pastures and
haylands in Kazakhstan by a number of departments and institutes, depending on the nature
and purpose of their work.
The observations made can be divided into three groups. The first group is intended to
provide routine operational information on seasonal and annual changes in the condition and
productivity of natural vegetation generally attributable to variations in weather and climate. As a
rule, these observations are not very detailed but are carried out over a long period. In contrast,
observations in the second group are more detailed and more labour-intensive. They are also
carried out at regular intervals, but the repeat period in the same area is 10 years on average,
sometimes 15-20 years. The outcome of these observations reflect long-term changes in
vegetation generally resulting from human activity and long-term climate fluctuations.
Observations in the third group, frequently carried out on a single occasion, are made in the
field on pastures and haylands during a limited period of time and in restricted portions of
territory. They are concerned with the acquisition of specialized information, for example of a
geobotanical, agrometeorological, biological, biophysical or environmental nature, and also with
developing new observational methods and procedures.
Field observational methods, depending of the technical tools used, may be divided
into direct and remote methods. Direct methods of observation are the best for obtaining reliable
information of the state of soil and plant cover in the field. Remote methods, which provide
information more expeditiously, permit observations to be carried out concurrently and allow
information to be obtained on large areas of pastures and haylands.
Remote methods for observation of agricultural terrain are generally airborne or
spaceborne techniques. Formulation of the general principles governing remote sensing of
pasture ecosystems and development of methods for interpreting its results have been the
subject of widely recognized work by several authors (Vinogradov, 1981, 1984, 1988; Kharin,
1975, 1991; Nikolaev, 1981; Tucker, 1980; Krutskiy, 1988; Vostokova, 1991; etc.). The data
provided by airborne and spaceborne surveys are generally used for such purposes as
determination of the topographical, geobotanical and environmental profiles of a locality,
identification of vegetation and determination of its bioecological state and biomass above
ground. The visible and infrared portions of the solar spectrum are the most useful for
monitoring the soil and plant cover of desert and semi-desert pastures. As confirmed by a
number of research workers (Rachkulik and Sitnikova, 1981; Vinogradov, 1984; Kleschenko,
1986; etc.) this is due to the high intensity of solar radiation in this part of the spectrum and its
relatively low absorption by the atmosphere. The spectral bands 0.6-0.7 J..t m and 0.8-1.1 J..t m
give the highest degree of contrast for soil and vegetation systems (Kondratev, Kozoderov and
Kosolapov, 1992). Of the two, the 0.6-0.7 J..t m band gives much more information. Airborne
surveying of pastureland, depending on the type of equipment being used and its carrier, is
conventionally subdivided into airborne visual surveying, aerial photography, space
photography, aerial spectrometry, multizonal and space spectrozonal surveys. During the past
decade, owing to the increasing opportunities available to study the earth's natural resources
from space, aerial surveying of pastureland in Kazakhstan has been reduced virtually to subsatellite techniques alone. Because of their cost, they are used only in special circumstance for
special purposes.
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2.2

DIRECT METHODS OF OBSERVATION

2.2.1

Agrometeorological observations at hydrometeorological stations

Routine agrometeorological surface observation of natural vegetation on pastures and
haylands in Kazakhstan is carried out in the field by the network of stations belonging to the
national hydrometeorological service as part of programmes for operational observation of the
environment and natural resources. They are conducted on a small (not more than 1 ha) piece
of enclosed land selected as typical of the local topography, soil and vegetation. The
observations are made on one, occasionally two, plant groups. The schedule includes regular
(at 10-day or more frequent intervals) observation of plant development, the bioecological
condition of the dominant species and their yield for the growing season. One special feature of
these observations is that they are carried out at the stations concurrently with the schedule of
standard meteorological observations. Additional measures are agrohydrological observation of
the depth of wetting of the soil resulting from the filtering down of precipitation, the reserve of
available water in the root zone of the soil, the water-table depth and the flood regime in
meadows. To date, such observations have been conducted in accordance with the Instructions
for the conduct of basic agrometeorological observation in areas where livestock is pastured,
1978 prepared by the specialized institutes of the State Committee on Hydrometoerology and
Environmental Monitoring of the former Soviet Union. Observational data is recorded in KSKh-P
field books and TSKh-1 special tables. The material collected is used in the preparation of
reference documentation, advisory services and agrometeorological and zoometeorological
reviews by operational centres in the hydrometeorological service. These are made available to
livestock farmers leasing natural fodderlands in order to ensure the highest level of productivity.

2.2.2

Geobotanical transect surveys

Geobotanical transect surveys of pastures and haylands in Kazakhstan carried out at
ground level belong to the second group of observation procedures. They are conducted by
institutes attached to the Ministry of Agriculture and by other departments with an interest in
agriculture. Their purpose is to obtain detailed information of soil and plant cover and on the
fodder stocks available for livestock on the natural fodderlands of the Republic. The survey
determines (or refines) the typical composition and structure of the local vegetation and its
condition, as well as producing large-scale maps of plant cover and fodder stocks (All-Union
Instructions for the conduct of goebotasnical surveys of natural fodderlands, 1984; Instructions
for conduct of large-scale geobotanical surveys of natural fodderlands, 1995). Survey
transects are laid out at the site concerned at distances from 200 to 2,000 m. Within the
vegetation boundaries (areas each with plant cover of the same type) determined as a result, a
full inventory is made of the vegetation, its yield and the condition of the pasture or hayland soil.
The findings of the field survey are used to draw up a large-scale map of the vegetation.
Topographical maps or aerial photographs provide the initial data on which geobotanical course
surveys are based. Transport to the sites under investigation is by motor vehicle or, where sites
are difficult of access, by helicopter.
In Kazakhstan, the data provided by geobotanical surveys are used to prepare land
management projects, to determine the movement of livestock on pastureland and to produce
small-scale general maps of vegetation and fodderlands.

2.2.3

Special observations at permanent plots, reference plots, transects, polygons,
tracks and points

More detailed observation of pastures and haylands is carried out on very small plots of
land, in particular on permanent (semi-permanent) plots, reference plots, profiles, transects
(tracks) and individual points. Either direct methods only are used, at the active soil and
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vegetation layer, or a combination of direct and remote methods are used. In some cases,
remote methods only are used. These special observations belong to the third group of
observations and often accompany studies of large areas of pasture and hayland.
Geobotanical and agrometeorological observation at permanent plots are used to look
at a large number of natural vegetation groups in different habitats at the same time. An
example is the series of agrometeorological observations made on haylands and pastures in the
diverse natural area of Muyunkum-Betpakgala (Bedarev, Korobova, 1978; Lebed, 1980). These
workers conducted observations concurrently on 16 plant communities at permanent and semipermanent plots within an area of radius of nearly 50 km on the river Chu flood plain, the
Betpakdala desert (clay soil) and the Muyumkuym desert (sandy soil). In addition to the
observation of plant development (every 1-3 days), biometric measurements were made of
height and density of growth (every 10 days), the yield above and below ground of the various
parts of the plant determined (every 10-30 days) and the number of live and dead plants
counted. The yield of herbage and subshrubs is generally determined by means of quadrats
and of bushes by the bush modelling method (Instructions 1978). Another method that may be
used with shrubs is determination of individual plant mass based on measurements of the
height, diameter and volume of the shrub (Gringof and An, 1978). Geobotanical observation
spanning many years is carried out at permanent plots to determine successive changes in
plant cover - changes often caused by human activity (Kurochkina, 1978, 1985; Kirichenko,
1980; Karibaeva, 1990).
Reference (standard) plots are generally set up within the plant boundaries determined
at a locality during a transect survey. A detailed geobotanical inventory is made of the plants in
these plots, the species composition is determined and the abundance, layer structure and yield
of the plants ascertained. (Instructions 1995). In order to obtain data on shrub numbers,
transects are laid out at the site (Instructions 1985). The reference (standard or test) plot
method is used for interpretation of the data provided by airborne and spaceborne surveys of
natural fodderlands (Vinogradov 1981; Nikolaev, 1981; Nikolaev, 1992 et al.).
Next, a number of individual sampling points are set up within the reference (or
standard) plots and also at agrometeorological observation plots. Instruments are installed at
the sampling points, for example for microclimatic observation of changes in the temperature
and moisture regime of the air and soil environment of pastures and haylands, as has been
done in the Taukum desert (Loshkarev, 1981) and elsewhere. The moisture content of the soil
is also determined at sampling points, and transacts are made from which soil samples are
taken for laboratory analysis of the physical and chemical composition of the soil with a view to
determining its fertility and degree of contamination by heavy metals, radioactive elements and
other substances.
Polygons are generally areas where sub-satellite field observations and airborne
observations (measurements) of soil and plant cover are carried out (Lebed, 1995). They
provide objective control data on the condition and productivity of the plant cover and determine
consistent signs that may be used for subsequent interpretation of data provided by spaceborne
surveys. Polygons are also used for the calibration of the instruments used for sub-satellite and
spaceborne surveys of pastureland. Sub-satellite airborne surveys are also made along routes
previously plotted on a map.

2.2.4

Observation of the "pasture-animal" system

In Kazakhstan field observations of the 'pasture-animal' system are generally carried
out under controlled (or systematic) grazing conditions, on both natural and improved
pastureland. The purpose of observation is to obtain source material to improve the
management of pastures used for grazing various varieties of stock and hay meadows, taking
local environmental conditions into account.
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In this connection, the paddock or rotational grazing systems found appropriate in
some areas are little used in Kazakhstan's extensive pastures. Here grazing is generally
controlled by transhumance of livestock, changing pasturage according to season. Research
workers consider (Movsiiants, 1976) that moving grazing stock to different pastures in different
seasons- winter, spring, summer and autumn- is little different from large-scale application of
the paddock system. Reasonably complete data on the use of the different types of pasturage in
Kazakhstan by season, including grazing periods and artificial cropping of plant cover during the
growing season, stocking rates, development of aftergrowth and biological changes in plants
has been collected in the institutes of the Kazakhstan Academy of Sciences (Kurochkina, 1978;
Beresnev, 1990; Karibaeva, 1990; Filonets, 1990; etc.). The findings of these field studies have
been used to develop or improve pasture rotation schemes and issue recommendations for the
best use of pastures and haylands in Kazakhstan.

2.3

REMOTE METHODS OF OBSERVATION

2.3.1

Aerial visual observation

Special methods for aeorovisual (low altitude) observation of pastures in Kazakhstan
were used in earlier years of the national hydrometeorological service (Bedarev, 1965). Their
purpose was to provide operational information on the bioecological condition of pasture
vegetation. Currently, aerial visual methods are used only in connection with geobotanical
transect surveys (Instructions 1995) for periodic observation of desert areas difficult of access,
or for preventing fire on pastures and in woodland. Aircraft routes for geobotanic surveys are
plotted in advance on a map or photomap. Points are located along the route for the helicopter
to land so that yield and other properties of the vegetation may be determined by the quadrat
method.

2.3.2

Aerial and space photography

The findings of high-altitude aerial photography and space photography are used for
many purposes. In pastureland studies use is made of monochrome or spectrozonal images in
the visual, short wave and infrared parts of the spectrum. Information of this sort has been
widely used to supplement surface geobotanical surveys of pastureland. Photography is also
used to determine the boundaries of geobotanical regions more accurately (Methodological
guidelines, 1984, 1985) in order to determine the limits to land use, to identify degraded areas
of pasture or land formerly under the waters of the Aral Sea (Kurochkina, Makulbekova, Vukhrer
and Dineeva, 1990), and to assess the proneness of pastureland to flooding (Nikolaev, 1981 ).
High resolution space photography and photographic maps make it possible to study the
abundance, structure, phenological development and other characteristics of individual species
of shrub and tall-grass vegetation (Kharin, 1975).
Interpretation of aerial and space photographs calls for fieldwork on reference plots to
provide an interpretation inventory. In putting a pasture and hayland interpretation inventory
together attention is paid to photographic tones, the structure and nature of the image and other
identifying signs (Vinogradov, 1984; Nikolaev, 1981 ).

2.3.3

Aerial spectrometry

Since the 1970s, national hydrometeorological services in Kazakhstan and other
central Asian States have spent many hours each summer in carrying out aerial spectrometric
surveys. Special methods are used for the purpose (Rachkulik and Sitnikova, 1981) which
require a series of instruments, including a spectrometer (photometer) and a recording
instrument. Use is made of a double-beam spectrometer working in the spectral bands
0.6-0.7 !lm and 0.8-1.1 !lm. The equipment is installed in aircraft flying over the pastures
concerned at altitudes of 100 to 500 m. This method makes use of the relationship between the
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soil and plant cover parameters and luminance coefficients or their various indices as shown in
formulae (8) to (1 0):
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The closest relationship is found between luminance coefficient indices and projective
plant cover or green biomass (Figures 2.1 and 2.2). Airborne spectrometry of pastures in
Kazakhstan is carried out in accordance with the relevant instructions on the most suitable
dates, which take the biological cycles of pasture plants and the agrometeorological conditions
affecting their growth into account (Lebed, 1988). Visual observation of the bioecological state
of the vegetation is carried out concurrently with instrumental observation.
2.3.4

Combined aerial spectrometry and geobotanical surveying

Aerial spectrometry and other methods for remote sensing of pastures and haylands
give acceptable results when used in conjunction with surface methods, in particular
geobotanical methods. In this, use is made of vegetation and soil maps and maps of land types.
As combined aerial spectrometry and geobotantical surveying of the Pribalkhash pastures has
shown, successful results depend on the use of comparable survey scales, the accuracy of the
initial data and the way it is applied on the ground (Lebed, Turbacheva, Osina, 1990; Lebed,
1995).
A portion of a large-scale geobotanical map of pastureland in south Pribalkhash based
on the May 1988 results of aerial spectrometry and geobotanical surveying bears out the
usefulness of combining these techniques to survey pastureland (Figure 2.3). This work led to
the development of an operational method for determining the mid-season yield of pastureland
using aerial spectrometric and geobotanical data (Lebed, Korobova, Turbacheva, 1989). The
method calls for two or three aerial spectrometric surveys a year during the growing season.
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Figure 2.1

Relationship between the spectral reflection index and projective soil coverage
by vegetation (%) in North Pribalkhash (Lebed, 1995)
where,
1 = Artemisia spp and salines on brown soils
2 = Artemisia spp. and grasses on grey soils
3 = salines on brown soils
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Figure 2.2

Daily variation in the spectral reflection index Ksp for pasture vegetation of
varying biomass (from 0 to 6.5 gfm2) on the piedmont flatlands in Almaty
region (Lebed, 1995)
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Portion of a geobotanical map of vegetation in the piedmont flatlands in Almaty
region, M 1:100 000, produced by geobotanical transect survey and aerial
spectrometry (Lebed, Turbacheva, 1990)
41 0
= vegetation type
= segment number
5
34(52)

=

yield in gfm2

This procedure was used to determine how the yield of pasture plants varied by
season, each type of plant having its own seasonal coefficients for spring (Ksp), summer (Ksu),
autumn (Kau) and winter (Kw). Figures for the different vegetation types on pastures in the
Almaty region are given in Table 2.1. They were obtained from data on pasture yields covering
many years and obtained by aerial spectrometry and surface geobotanical surveys in
Kazakhstan during the 1970s and 1980s.
Similar approaches for the interpolation of data from annual aerial spectrometry of
pastures have been developed in Uzbekistan and Turkmenistan (Methodological guidelines,
1992). An interesting practical example of the use of aerial spectrometry on a single occasion
has been the determination of the yield of tree and shrub vegetation on pastureland during
large-scale geobotanical and ecological mapping of state woodlands in South Pribalkhash
(Bedarev and Bedareva, 1993).
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Table 2.1

Coefficients for calculating mid-season yields of different vegetation types in the
Almaty region

Vegetation type
Artemisia spp.and ephemerals on
sands and sandy soil
Shrubs and mixed grass and
broadleaf on sands
Artemisia spp.and salines on
brown clay-surfaced (takyr) soils
Artemisia spp. on grey soils
(serozem) on low upland flatlands
and valleys
Artemisia spp.and grasses on
serozem soils in piedmont and
low mountain areas
Sod-forming grasses on serozem
soils in low mountain areas

2.3.5

Seasonal coefficient (in fractional units)
Kw
Ksp
Ksu
Kau
0.90
0.84
0.90
0.70
0.85

0.81

0.70

0.60

0.70

0.61

0.90

0.60

0.80

0.90

0.90

0.70

0.90

0.92

0.90

0.70

0.90

1.50

0.80

0.70

Surveying pastureland using digital information from spaceborne equipment

Data obtained from space on natural pastureland ecosystems may be either in the form
of a video record or digital information. Visual methods are generally used for interpreting video
records, and instrumental (automated) methods are used to interpret digital information as well
as for initial digitizing of video records. They are generally designed to give integrated
representation of soil and vegetation cover. The best source of operational information for
determining the condition of large areas of pastureland is routine satellite data of medium and
sometimes low resolution.
In the 1980s and 1990s, the Kazakh Hydrometeorology Research Institute (now the
Kazakh Research Institute for Environmental and Climate Monitoring) conducted studies on the
use of routine satellite data for assessing the condition of pastureland in Kazakhstan. In this
work use was made of video data provided by the MSU-S scanner on the Soviet 'MeteorPriroda' space vehicle and digital data provided by the AVHRR radiometer on the American
NOAA series of artifical earth satellites (AES). MSU-S data when digitized is somewhat similar
to the data provided by the multizone MSU-SK scanner currently in use in the Russian 'Rezurs0' AES series. At the same time as the space survey, an expedition from the Kazakh
Hydrometeorological Research Institute at regular intervals carried out aerial spectrometric
surveys of pastureland in Kazakhstan from altitudes of 200-500 m (see section 2.3.3). This
enabled an objective sub-satellite check of the space data to be made and allowed methods to
be developed for interpreting data from airborne and spaceborne equipment. Some of the
methods for obtaining operational data on the condition of pastures in Kazakhstan are
described in sections 2.3.5.1 and 2.3.5.2.
2.3.5.1

Information provided from space

Information provided from space by the MSU-S (photographic negatives in the spectral
bands 5-0.7 ).tm and 0.8-1.1 ).tm, site resolution of 200 m at nadir, reception centre at
Novosibirsk) have been used to assess the condition of desert pasture in south-eastern and
central Kazakhstan (Lebed, Belenkova, Fomenko, 1989; Lebed, 1995). This work involved
identification of natural pasture vegetation regions at the time of the survey and assessment of
the average yield per region. Initial digitizing of the video negatives was carried out with an IFO-
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450 microphotometer in profiles representing a width of 200 m at the site, repeated every 15-20
km. In most cases this ensured that in the case of the data on desert pasture yields obtained
from space the spatial relation between them was statistically significant (Figure 2.4).
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Figure 2.4

Correlation functions T(l) of pasture yields in Almaty region (Lebed, 1989)
1 = piedmont flatland
2 = the Taukum sands

The effect of the atmosphere on spectral reflection from soil and vegetation cover was
allowed for by using an indirect two-stage method for measurements at natural sites
(Vinogradov, 1976; Rachkulik and Sitnikova, 1981 ). This produces characteristic curves giving
the relationship between spectral reflection data on plant and soil cover obtained from AES and
a limited amount of similar data obtained by aircraft sounding. An example is shown in Figure
2.5. Such curves are used to decode satellite records of areas of pastureland not covered by
aerial spectrometry.

170

150

130
0,15
Figure 2.5

0,20

Characteristic curves of pastures in piedmont flatland in Almaty oblast obtained
with space survey data from the 'Meteor-Priroda' AES and aerial spectrometric
survey data, May 1985 (L.V. Lebed)
R* = space survey
R* 1 = aerial spectrometric survey
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Figure 2.6

Portion of map of natural landscape regions in South Pribalkhash showing the
route of the aerial spectrometric survey (Lebed, 1987)
271
=
alluvial flatland with Artemisia spp. and ephemerals on
sands
=
alluvial boggy flatland with meadow vegetation
272
=
aeolian hummocked and ridged flatland with Artemisia spp.
315
and grasses
316
=
aeolian hummocky flatland with Artemisia spp. and salines
on sands and takyr soils
=
low upland semi-desert with Artemisia spp. and grasses on
455
grey soils
=
piedmont flatland with ephemerals, Artemisia spp and
466
salines on grey-brown and takyr soils
Object identification was performed at the level of natural regions corresponding to
geographical landscape types, calibrated in advance. The reference landscape types (Figure
2.6 above) were arrived at using data provided by aerial spectrometric surveys carried out in the
1970s and 1980s. In this, for the area within the landscape region covered by aerial
spectrometric data, the following statistical characteristics KF were calculated by partial
sampling:
11:

A='LXJn;

B=~t(x; ~A)'!n~!;

C=I(Xi -A)/>0; D=I(Xi -A)I<O;

i=l

E = maxi(X 1 - A)!> 0;

F = maxi(X 1 - A)!< 0

Where X= 100 lg (1 OXi), n -sample size.
Thus, for example, a reference landscape region of ridged sandy desert flatland with
mixed grass and broadleaf and shrubs has the general format:
(11)
where,
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2-4; 1-3,6; 1-3,5; 4,5,6; 1,5 = the range of numerical values of the statistical
characteristics KF. The accuracy of the reference standard (Table 2.2) was assessed
by means of She non's familiar formula.

Table 2.2

Changes in the accuracy of reference desert and agricultural landscape
types in South Pribalkhash obtained from aerial spectrometric data of
different dates

Landscape type
Ridged sandy flatland with Artemisia spp., grasses
and shrubs
Aeolian ridged sandy flatland with shrubs and
grasses
Piedmont flatland with Artemisia spp. and
ephemerals on grey soils
Seeded areas of perennial herbage and wasteland

Reference accuracy(%)
26.04.1982
6.05.1982
3.05.1983
100
100
71
100

80

73

68

84

66

80

83

The results of assessing the yield of pasture vegetation by means of data provided by
aerial spectrometry and spaceborne MSU-S surveys are summarized in Table 2.3 for different
natural landscape types in the Pribalkhash. In this use was made of curves of the type shown in
Figure 2.7. In general the results confirmed the practical utility of using routine mediumresolution space information to identify natural regions by geographical landscape type or
associated groups of geobotanical pasture vegetation types as well as determining their green
biomass at the time of the survey. Reference landscape types based on the spectral reflection
data given by routine aerial and space surveys may also be usefully used on their own and
serve as bioecological indicators of environmental change over long periods. In this context, the
accuracy with which space data is interpreted increases considerably when it is received
indirectly in digital form with geographical correlation to the locality concerned at the level of the
element of resolution.

Table 2.3

Average yields of pasturage plants in natural landscape types in the Pribalkhash
given by aerial spectrometry in May 1986 and 1987

landscape type; vegetation

North Pribalkhash, 1986
Small cone-shaped hills, ridged and dome-like landscape;
grasses
Alluvial-proluvial mildly rugged flatland; Artememisia spp.
and shrubs
Alluvial-proluvial flatland; Artemisia spp and shrubs
Denuded, raised and rutted flatland; shrubs, Aretisia spp.
and shrub
Low, insular upland; forest intrusions with meadows of
mixed herbage and grasses
Low upland with rock outcrops; Artemisia and grasses
South Pribalkhash, 1987
Aeolian ridged flatland; shrub and grasses
Piedmont flatland; Artemisia spp. and ephemerals
Piedmont flatland; ephemerals, salines and Artemisia spp.

Yield (tlha)
MSU-S

Aerial
spectrometry

0.16

0.25

0.41

0.62

0.73
0.87

0.60
0.62

0.16

0.18

0.19

0.30

0.46
0.13
0.16

0.52
0.2
0.15
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Relationship between index of spectral reflection and green biomass (t/ha) of
Artemisia spp and shrubs on brown soils in North Pribalkhash (Lebed, 1987)
1 = soil without stones
2 = stony soil

2.3.5.2 Space information provided in digital form
Space information provided in digital form, such as data from the NOAA AES (AVHRR
radiometer), gives even more scope for assessment of changes in the condition of pastureland
vegetation. Here, the Kazakh Hydrometeorological Research Institute in May-June 1990 and in
1993 conducted experiments in the Kazakh part of the Aral Sea, which comprised a spaceborne
survey by AES NOAA-1 0 and NOAA-12, an accelerated aerial spectrometric survey and surface
observation (Lebed and Sycheva, 1995). Space data came from the AVHRR radiometer
working in the spectral bands 0.58-0.68 11m and 0.7-1.1 11m, site resolution 1,100 m, recording
at nadir. The space data was received by the Russian Hydrometeorological Service (receiving
station at Obninsk). Aerial spectrometry was carried out with an AN-30 airborne sound at a
height of 300 m following horizontal transacts 15 km long and working in the bands 0.6-0.7 11m
and 0.7-1.1 11m (Figure 2.8). The whole survey covered nearly 5 million ha of pasturelands in
the south-eastern and eastern part of the territory bordering the Aral Sea (the Priaral). lt
comprised flatlands with typical desert subshrub and mixed herbage and shrub plant groups,
the delta region of the Syr Darya river with intrazonal meadow plants and parts of the floor of
the Aral Sea that have dried out, with salines beginning to establish themselves in parts. The
cartographic base was provided by a geobotanical map of the Priaryal area with a scale of
1:1 ,000,000 prepared previously from space photographic data and surface geobotanical
surveys carried out in the 1970s and 1980s.
Work done during the survey included geographical correlation, initial processing and
correction of aerial and space data, and determination of biomass at the time of the survey. For
geographical correlation of the spectral reflection data recorded by the AVHRR radiometer use
was made of the VIDEL software developed for the IBM computer network at the AII-Russian
Institute of Agricultural Meteorology by the aerospace research laboratory. Correlation was
carried out at the level of the natural regions shown on the geobotanical map referred to above.
Data on green biomass at the time of the survey, as in the case of the MSU-S data, was
recovered by applying a two-stage method for measurement at natural sites. The outcome of
decoding space data to give a map showing green biomass yields is shown in Figure 2.9. The
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indicators are substantially improved (Table 2.4) if the initial data given by aerial spectrometry
(A) and spaceborne survey (C) are first corrected (A' and C') with respect to the luminance of
the site and its attenuation by the lower layers of the atmosphere.

Table 2.4

Spectral reflection indices and green biomass yield (t/ha) for pastures in the
south-eastern Priaral obtained by spaceborne survey by AES NOAA-12 (5)
(500 km) and aerial spectrometry using the AN-30 (300 m), 1-3 June 1993

Natural region shown on map of scale
1 :2,500,000
Salines and Artemisia spp. With ephemerals
on ridged-honeycombed and hilly sands
(Halloxylon aphyllum, Artemisia terrae albae,
Carex physodes)
Artemisia spp. and shrub on ridgedhoneycombed sands on flatland (Artemisia
terrae albae, Atraphaxis spinosa, Halloxylon
aphyl/um)
Artemisia spp. and salines on hilly-ridged
aeolian flatland (Artemisia terrae albae,
Halloxylon aphyllum, Sa/sola rigida)
Salines and Artemisia spp. on clay soils and
sands on flatland (Hal/oxy/on aphyllum,
Artemisia terrae albae, Sa/sola folisal

AH-30

AES NOAA

A
1.25

A'
1.41

t/ha
0.48

c

C'

1.46

1.40

tlha
0.46

1.25

1.41

0.46

1.50

1.44

0.48

1.22

1.36

0.33

1.30

1.27

0.30

1.26

1.42

0.46

1.27

1.22

0.23
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Transects covered by the spectrometric survey of pastures carried out in the
Priaral in June 1990 and 1993 (Lebed, Sycheva, 1995)
1,2 = reference points
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Portion of map showing the green biomass yield (in t/ha) of vegetation in the
south-eastern and eastern Priaral derived from the findings of a survey by AES
NOAA-1 0, 5.6.1990 (Lebed, Sycheva, 1995)
1 = < 0.10
2 = 0.11 - 0.20
3 = 0.21 - 0.30
4 = 0.33- 0.40
5 = > 0.40 tonnes/ha
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CHAPTER 3
MODELUNGPASTUREECOSYSTEMS

3.1

INTRODUCTION

Modelling natural biocoenoses, generally a group of plant species each with its
individual response to environmental conditions, is a fairly difficult task. As a result, the usual
practice is to develop simple models in the form of linear regression equations. An example is
the equation for determining the time of onset of the different phenological phases of
development and the maximum yield of vegetation during the growing period (see section 1.2).
High order dynamic models of pastureland ecosystems, which are close to application in
practice, have been developed in Australia (Rickert, 1987), Japan (Shiyomi, 1988), the United
States (Wight, Ross and Skiles, 1987), Russia (Polevoi, Gringof, 1990), Turkmenistan
(Kirsta, 1986) and in other countries.
The results given by models of pastureland ecosystems applicable to large areas
through the use of quantitative data provided by remote sensing is of particular interest. The
difficulty here is that the model often contains parameters relating to actual plant species and
their actual habitats while remote sensing frequently provides only an overall view. This is why
in modelling large areas of pastureland the focus has been on relatively simple models based
on a small number of parameters and a restricted amount of input information. As a result they
may more properly be considered as applied models. Work with these models is thus often
carried out at the level of vegetation zones, most usefully in relation to separate type groups
(Tucker, 1980; Lebed, Turbacheva, 1990; Nikolaev, 1992; etc.). The usefulness of this group of
models increases when they contain meteorological, soil and other blocks.
An applied model for estimating the yield of large areas of desert pastureland has been
developed by the Kazakh Research Institute for Environmental and Climate Monitoring (Lebed
and Belenkova, 1995). The model was officially approved for use in a wide-ranging aerial and
space experiment carried out on part of the Priaral (land bordering the Aral Sea) in 1990 and
1993 (see section 2.3.5.2) and has given acceptable results for use in practice.
3.2

APPUED DYNAMIC MODEL OF DESERT PASTURELAND BASED ON AERIAL,
SPACE AND SURFACE DATA

3.2.1

Bioecological and agrometeorological characteristics of natural vegetation
growing in desert conditions in Kazakhstan and their incorporation in models

The deserts of Kazakhstan, following lengthy exposure to harsh environmental
conditions and as a result of natural selection, are host to some 1,200 species of plants. Of
these, however, only a few tens of species are dominants or subdominants forming discrete
plant communities on pastureland (Bykov, 1978). They are perennial shrub, dwarf shrub,
subshrub and dwarf subshrub species, and perennial and annual herbage. A distinctive group of
desert herbs with a short growing period in spring is represented by the ephemeroids and the
ephemerals.
Desert plants have developed a reasonable degree of resistance to environmental
conditions. They are principally mesotrophic and oligotrophic species, plants adapted to poor
soils. Deserts, which often have saline soils, are host to many salt-tolerant plants, or
halophytes. Sands are home to psammophytes, plants adapted to life in a shifting environment.
Depending on their resistance to drought conditions, most plants in desert zones are

62
xerophytes, able to withstand very dry conditions of air and soil (Larin, 1969). Most of them also
withstand high air and soil temperatures and are thus thermophilic plants (Kurochkina, 1978).
Depending on the way they take up moisture, most desert plants may be classified as
ombrophytes, trichohydrophytes or phreatophytes (Bedarev, 1968). Ombrophytes are a group
of plants whose root system is located in the surface layer of the soil and take up water directly
from precipitation. Trichohydrophytes have complex root systems that penetrate fairly deeply
into the soil {2-3 m and more) and take up groundwater by means of capillary action.
Phreatophytes have thick roots that tap directly into ground water.
Depending on the time-scale involved, plants may be classified as very early, early,
mid-range and late developing species. In the deserts of Kazakhstan, growth of very early and
early developing plants starts from late March to early April when the air temperature reaches
3-5°C. Growth ends 1-2 months later after the plants have seeded. Mid-range developing plants
stop flowering and produce seeds 2-3 months after the onset of growth. Late developing plants
resume growth in the spring when the air temperature reaches 10-12°C, flowering only in midsummer and producing seeds in late summer or in the autumn.
The growing season of desert plants may be divided into a period of active growth, a
maintenance period and a period of collapse (Larin, 1969). The period of active growth, which
generally begins once the air temperature reaches 10-12°C, is associated with active
photosynthesis. Photosynthesis leads to a build-up of organic substances in the form of
assimilants and the individual parts of the plant show active growth. In the conditions prevailing
in the deserts of Kazakhstan, the period of active growth coincides with the period when the
plants are standing and green but may occasionally also occur at the development phase in an
unusually wet year when temperatures have been mild. In such years the period of active
growth is prolonged and ends at seeding. This is the time when the yield of pastureland plants
is at its height. After this, growth comes to a halt until seeding has ended. his is the
maintenance period.
However, it is much more common for the period of active growth in herbaceous plants
to end prematurely when the temperature reaches 18-20°C. Shrubs and subshrubs are
observed to lose leaves and twigs when the temperature reaches 22-24°C. In such years the
generative phase of desert plant growth does not come to a successful conclusion or is not
observed at all. Early withering of plants during the summer period results from disruption of
their water balance due to inhibition of assimilation caused by high temperatures and insufficient
moisture (Fedoseev 1964; etc.). Biomass fails to increase, although it may be conserved in
such a period, but it may subsequently wither and fall. These processes, which are due to the
destruction of chlorophyll-containing tissues, may also continue into the cold period of the year.
The lengths of the periods of active growth and collapse, which are governed by the biological
properties of the plant and by agrometeorological conditions during the year, vary widely. In
good years with sufficient moisture active growth in the very early groups of ephemerals is
50-60 days, while for late-developing plants the growing period is 120-150 days. In
exceptionally dry years, active growth in the spring period lasts no more than 20-30 days for
early-developing plants and 50-60 days for late-developing plants. By late summer or early
autumn, when the temperature falls to 20-22°C, plant growth interrupted by the summer may
resume. Herbaceous plants will start growing again following rain (not less than 10 mm)
(Fedoseev, 1964).

3.2.2

Theoretical foundation of modelling

A number of biological, physical and other indicators are used for the routine
monitoring of the condition of pastureland. Physical indicators mainly relate to the condition of
the soil cover, while biological indicators give a direct indication of the condition of the
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vegetation. Basic biological indicators include the species composition of vegetation, its
structure, its above-ground biomass, its projective cover of the soil and other properties.
The present model takes the resumption of growth in the biomass of plants above
ground during the year as an overall indicator of the pattern of change in the desert pasture
ecosystem as a whole. The results are taken to be the pasture yield, expressed as t/ha dry
weight. The model relies on the digital and video models of spectral reflection from pastures
provided by periodic aerial and space surveys. Routine agrometeorological data provided by the
station network and cartographic information provided by geobotanical surveys are also used.
The model is also used to derive other recognized quantities such as potential yield,
real potential yield and actual yield, as previously determined in relation to agricultural crops
(Tooming, 1977).
In the case of pasture ecosystems, the vegetation prevailing at the present time,
including species composition, structure and yield, is the direct result of climate, relief,
hydrography, soil type, plant pest activity and other environmental factors. Hence, its potential
yield is the maximum yield possible given the soil, climate and other natural resources of the
locality. At the same time plants are affected by indirect or redistributive factors, the chief of
which are human activity and current weather conditions. Increased human input may bring
changes, often of an irreversible nature, in the species composition, structure and yield of
pasture vegetation (Nechaeva, 1981; Kurochkina, 1985; etc.). As a result, most present-day
pastures may be termed semi-natural ecological systems (Vinogradov, 1984) with real potential
yields. Weather is another redistributive factor that determines current seasonal and yearly
changes in natural vegetation. However, in contrast to human intervention, such changes are
generally reversible in nature. They appear each year as annual changes in the biomass
produced above and below ground, in partial shifts in coenosis structure, changes in seed
quantity and differences in the amount of young growth (seedlings) in pastures. Weather
conditions are associated with what is termed the yield per agrometeorological year. This
parameter in its turn is affected by the grazing of stock in different seasons, sometimes for long
uninterrupted periods. A portion of the annual yield is lost by withering during the period of
collapse. The resultant amount is close to the actual yield of the pasture per agrometeorological
year. The actual yield includes the yield from winter growth.
The processes by which the current plant cover of natural pastures in the desert zone
has been formed and its yield is determined are shown schematically in Figure 3.1.
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Diagram showing the principal processes leading to the formation of natural plant
cover and its yield in pastures in the desert zone
N
= soil, climate and other environmental factors
P
= vegetation produced as the result of evolution
A
= total effect of human intervention
P'
= present-day vegetation
Y pot
= potential yield
Y'pot
= real potential yield
Ya, Y'a, Y"a = yield per agrometeorological year
F
= light
T
= heat
W
= water
~ Ys
~ Yf

Y
1
2
3

= removal of yield by grazing stock
= loss in the period of plant collapse
= actual yield
= conservancy area
= enclosed portion of pasture
= pasturage area

Here, the process of arriving at actual yield of a desert pasture may be displayed as
successive biological and physiological processes associated with the build-up and collapse of
plant biomass in the course of the year. In practice, for different species and plant groups, these
processes take place at different seasons of the year and last for different lengths of time.
The build-up of plant biomass as a result of growth during the current year is modelled
by means of equations of the general type:
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where,
Ya't"

=

Y't"
R't"
Rmax
F, T,W
't"

=
=
=
=
=

yield in the period of active growth during the agrometeorological
year (in Vha)
actual yield in the period of biomass collapse (in Vha)
plant growth function
value of R1 under optimal environmental conditions
environmental factors (light, heat, moisture) in MJJm2,
time of year, in days

oc, mm)

The process of biomass collapse may be expressed by the equation:

Yr: =Ya-r expar
where

a't"

(15)

= rate of biomass collapse

The process of build-up and collapse of biomass is limited by the critical values of the
regime factors affecting each species and group of plants. Calculation of biomass is carried out
in variable stages of 5, 10 or more days. Here, the mass representing young growth and seeds
is not deducted from the total biomass since they represent a relatively small (<10%) part of the
total yield and do not significantly affect its measurement.

3.2.3

Identification of the parameters of the model

In determining the parameters of the pasture yield model, the authors, like other
research workers (Kirsta, 1986) have assumed that the response of natural vegetation to
change in such environmental factors as weather conditions is fairly consistent. No account was
taken either of the comparatively minor response to climate change (Lebed, Belenkova and
Turbacheva, 1997) observed in recent decades in Kazakhstan. lt was also assumed that
moderate grazing would not have a noticeable effect on the pattern of plant growth and
development arrived at in the course of evolution. At the same time, account was taken of the
response of pasture ecosystems to human activity, which could have both beneficial and
harmful effects on soil and plant cover. In recent years the effect of human activity on
pastureland in Kazakhstan has been associated with marked changes in stocking rates,
possible changes in the pasture management system, measures for improvement of pastures
and other forms of action.
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In this connection, a number of the model parameters reflecting the biological laws
governing the development of plants (Rmax) and their response to light, heat and moisture (CF,
Cr. Cw) have been calculated outside the time-scale and geographical location of the
vegetation modelled. In determining these parameters, the authors used data from many years'
observation of pastureland at permanent field sites as well as paired agrometeorological
observations made at meteorological stations and temporary sites. These observations were
carried out directly by the authors of the model and other research workers in the desert zone of
Kazakhstan in 1960-1980. For example Table 3.1 gives the constant parameters of the model
for individual plant species on sandy desert. Similar results have been obtained for the principal
dominant plants found in the desert zone of Kazakhstan.

Table 3.1

Parameters of the model being used for calculation of the yield of individual
dominant plants in desert vegetation

Plant species

't'

Siberian wheat grass (Agropyron sibiricum)

4
5
6
7
8
9
4
5
6
7
8
9

Artemisia terrae albae

Rmax
2.10
2.20
2.10
1.25

b.W
0.40
0.60
0.60
0.60

1.95
2.15
2.20
1.95
0.70
0.70

0.40
0.65
0.80
0.80
0.80
0.80

Parameters
b.T
0.40 10
0.60
7
7
0.75
1.00
7

cw

0.40
0.85
1.00
1.33
1.33
1.33

10
7
7
7
7
7

CT
0.50
0.35
0.35
0.35

0.45
0.33
0.33
0.33

a-r
0.30
0.70
0.80
0.90

0.60
0.75
0.95
0.50

A biological parameter of the model such as real potential yield Ypot will take on real
numerical values for each natural region with its own species composition and vegetation
structure. lt is determined from data giving the actual yield of vegetation in the green state,
which may be obtained either by direct field observation or airborne or spaceborne surveys of
pastureland during the growing season. A practical example of the results given by calculating
Ypot for pasturage in the Priaral from the results given by remote sensing is shown in Table 3.2.
The optimum repetition interval for calculation of the parameter Ypot is the same as that for
pasture surveys, in the case of the Kalmyk pastures for example, the interval is 5 to 7 years
(Vinogradov, 1984).
3.3

USE OF THE MODEL
CALCULATIONS

IN

PRACTICE

AND

RESULTS

OF

INDIVIDUAL

The model makes it possible to calculate the yield of pasture vegetation at different
sites ranging from a few acres hosting specific plant communities to hundreds and thousands of
hectares representing specific geographical landscape types or geobotanical vegetation
regions. The outcome is a series of curves representing changes in the biomass of vegetation
of the current year's growth throughout the growing season, in the fodder stocks on pastureland
at different seasons in the bioclimatic potential and bioecological condition of pasturelands and
in other indicators.
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Table 3.2

Real potential yield of pasture vegetation in the northern Priaral calculated for
the different geobotanical regions on a map with a scale M:2,500,000 in 1990

Division and vegetation
Artemisia spp. and salines with ephemerals on brown clay soils on hummocky
flatlands (Artemisia terrae albae, Anabasis sa/sa)
Salines and Artemisia spp.with ephemerals on clayey saline soils on undulating
flatlands (Atriplixae capae, Anabasis sa/sa, Artemisia terrae albae)
Salines and Artemisia spp. on clayey saline soils and sandy soils on undulating
flatland (Kochia prostrata, Anabasis sa/sa, Artemisia terrae albae)
Artemisia spp. and grasses with salines and ephemerals on clay and sandy
loam soils on pre-sandy undulating flatland (Artemisia terrae albae, Agropyron
sibiricum, Poa bulbosa)
Artemisia spp. and grasses with salines and shrub on clay soils (Artemisia
terrae albae, Kochia prostrata)
Shrub, Artemisia spp. and grasses on the hilly ridged sands of Malye Barsuki
(Artemisia terrae albae, Agropyron sibiricum, Cal/igonum)

tlha
2.66
0.90
2.71
1.41

1.03
2.50

T/ha
0.8

1

0.5
0.4

02
0
3

4

5

6

7

8

9

10

1:

Figure 3.2

Forecast of yield (t/ha) of Artemisia spp.and salines on clay soils on flatland in
the northern Priaral throughout the 1993 growing season (Lebed, Belenkova,
1995)
Calculations made on 10 May (1 ), 10 June (2), 10 July (3)
Result of aerial spectrometric survey (4)
A working variant of the model can be used under different regimes, including
operational studies for forecasting yields during the growing season over a complete year and
retrospective studies to calculate pastureland yields from agroclimatic data. The usefulness of
the initial results given by the model is increased if they are further processed to give a map of
fodder yields or biological productivity such as is shown in Figure 3.3.
From the technical point of view, the modelling has been carried out on an IBM series
PC-AT computer.
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Portion of map showing the fodder stocks calculated for the summer period in
north Priaral with 90% provision of climatic resources (Lebed, 1995)

Forecasts of pastureland fodder stocks obtained by means of an intermediate variant of
the model and aerial spectrometric data have been used by the operational bodies of the
hydrometeorological service to provide hydrometeorological information for sheep production on
pastureland in Kazakhstan. Information on pasture yields is of practical use in moving stock on
pastures and improving stocking rates on areas of ecologically poor pastureland. lt can also be
used in decision making on agricultural and ecological issues with a bearing on evaluation of
the country's natural resources and preparation of socioeconomic development programmes for
desert regions and ecological programmes.
The usefulness of pasture ecosystem models is likely to be increased by including
them in the Geographical Information System (GIS) for regular monitoring of pasturelands
(Gitelson, Kogan, Zakarin, Lebed, Spivak, 1994, 1996).
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CONCLUSIONS

Livestock production in Kazakhstan, which is based on long-term rotational (seasonal)
grazing of natural pastures and haylands, is a reasonably profitable sector. Its viability depends
primarily on the condition of natural fodder plants, the direct effect of weather and climate on
livestock at pasture and on successful socioeconomic reform of the agrarian sector.
Effective operation of the sector in the harsh conditions imposed by the arid and semiarid climate of Kazakhstan depends on the provision of up-to-date hydrometeorological and
other information. Such information may be classified as general or specialized, the latter
dealing with the current condition of the plant cover, the best way of using it to maintain and
ensure an adequate level of primary production, and the physiological condition of stock when
at pasture, including breeding, shearing and rate of meat, milk and wool gain as secondary
livestock production.
The usefulness of information input to pasture management has been increasing with
the use of a battery of methods both direct and remote (airborne and spaceborne) involving
agrometeorology, ecology, geobotany, soil science, economics and other fields of knowledge.
A sufficiently complete qualitative and quantitative description of the condition of
natural plant cover, including species composition, structure and yield, can be usefully obtained
by means of concurrent video and digital models of the spectral reflection from soil and plant
cover provided as a result of airborne and spaceborne surveys.
Periodic and detailed surveys of pastures and haylands are generally conducted at the
level of large- and medium-scale natural divisions. This calls for high and medium resolution (of
the order of tens and a few hundred metres) aerial and space data on the locality in question.
Regular annual assessment (forecasts) of the condition and yield of plant cover may be
carried out at the level of small- and medium-scale natural regions. In this, use may be made of
medium and low resolution aerial survey data on the area concerned.
Use of applied dynamic models, even where few parameters are involved, makes it
possible to overcome the relative paucity of input information. Such models make use of aerial
survey, standard meteorological and other observations and can provide information (in the
form of tables and maps) on plant cover characteristics, including biological productivity, fodder
stocks, indicators of the bioecological state of vegetation, pasture stocking rate indicators, the
bioclimatic potential of pasturelands, etc.
The usefulness of pasture ecosystem models is bound to increase with their inclusion
in current geographical information systems, both general and specialized, operating at regional
and local levels.
National programmes for providing agrometeorological information to the pasture
management and livestock production sector should be in keeping with the WMO current
Agricultural Meteorology Programme and national environmental programmes intended to
implement United Nations international conventions on climate, desertification and biodiversity.
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