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Abstract

Natural pastures occupy 30 to 70 % of the Earth’s land surface area. They provide fundamental goods
for humankind and serve as main source of forage for livestock. However, today the capacity of
pastures to provide goods are challenged by intensive and unsustainable grazing and climatic factors.
There is crucial need to monitor pastures through space and time. Current field-based methods for
pasture monitoring are limited due to the lacking potential of capturing spatio-temporal changes.
Remote sensing approach can be an alternative method for constant pasture monitoring. In the
framework of this thesis research cultural pasture areas of Bruchmullo Forestry were analyzed using
cadaster data and remote sensing tools. The latest cadaster inventory was conducted in 2008. The
cadaster information contains aboveground biomass and pasture plot areas both of which were used to
estimate carrying capacity. Remote sensing vegetation indices (NDVI, SAVI, and MSAVI) were
applied for assessment of vegetation change trend of the study area. The results show that the carrying
capacity of pasture areas according to the latest cadaster inventory made up 52.8K AUM’s (Tropical
Livestock Units) and ecologically sustainable stocking rate varies from 0.5 to 1.8 AUM per ha. The
NDVI, SAVI and MSAVI classifications specify different land-cover types differently. However, all
classifications show a reduced extent in bare soil and a rise in forest and grassland extent. A correlation
analysis between vegetation indices and the cadaster data showed that MSAVI and SAVI have higher
relationship with field measurements (R2savi=0.1314; R2msavi=0.1313) than NDVI (R2ndvi=0.129) when
it comes to all land cover classes. The correlation between pasture areas (assumed shrublands,
woodlands, grasslands) and pasture areas assessed by VI’s shows better results for all indices
(R2msavi=0.39; R2savi=0.38; R2ndvi=0.37). My research shows a potential of combining remote sensing
and cadaster inventory for pasture management and monitoring. Considering various criteria, MSAVI
is likely the most appropriate index for rangeland monitoring.
Key words: rangelands, pastures, land degradation, carrying capacity, vegetation indices and
monitoring, cadaster and satellite data, Bruchmullo forestry, Uzbekistan, Tashkent province
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CHAPTER 1. INTRODUCTION
1.1 RANGELANDS
Rangelands are widely distributed across the planet. According to Sant et al. (2014), due to
different definitions of rangelands, they occupy from 30% to 70 % of total lands. Atteian (2016) states
that rangelands cover 80% of the world’s lands. Even so, rangelands support one third of the human
population. Rangelands provide goods for the economies, fodder for livestock, contain one third of
biodiversity and store half of global soil carbon (Sant et al, 2014). Therefore, rangeland management
and monitoring are crucial for the humanity.
Rangelands are the type of lands, which are defined as non-forest vegetation cover lands (Hunte
et al, 2003). According to Meeham et al. (2016) rangelands are lands where native vegetation is
predominantly grasses, grass-like plants, shrubs and forbs. Rangelands predominantly occur within
arid and semiarid environments (Weber et al., 2011). Weber et al. (2011) states that rangelands can be
defined by land use (livestock grazing) and land management (non-irrigated) practices.
Based on the type of rangeland, the amount of biomass per hectare varies significantly: from
300 kg per ha in dry and arid climate and to 5000 kg per ha in wet and moisture climate (Malulonda,
2011). According to Hunt et al. (2003) due to various reasons, such as small year-to-year variability of
precipitation, high altitudes or flora and fauna diversity, rangelands are unsuitable for agricultural
activity, but are perfect for fodder production for livestock. The Society for Range Management gives
the following definition of rangeland (Reeves et al, 2016):
“Land on which the indigenous vegetation (climax or natural potential) is predominantly grasses,
grass-like plants, forbs, or shrubs and is managed as a natural ecosystem. If plants are introduced,
they are managed similarly. Rangelands include natural grasslands, savannas, shrub lands, many
deserts, tundra, alpine communities, marshes, and wet meadows”.
While pastures are lands that previously were used for agricultural purposes and are currently
used for livestock grazing. In other words, rangelands are natural pastures (grazing areas), which feed
not only domesticated livestock, but also wildlife, while pastures are cultural grazing areas, that are
privately owned by farmers and fenced by barriers.
According to Weber et al. (2011) pastoralism evolved after agriculture. Mostly it was developed
on areas with low precipitation and productivity. Therefore, agricultural activity was impossible in
such conditions and these nations began to develop pastoralism as a form of living. There are three
types of pastoralism:1) sedentary production, which involves keeping livestock among villages and
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farms;2) Transhumance pastoralism that involves moving livestock from valleys to mountains and 3)
Nomadic pastoralism that is based on constant movement of livestock from one place to the other in
search of forage (Weber, 2011).CO2 contributes to almost 60 % of total GHG emissions that comes
from various sources (anthropogenic and natural) (Attaeian, 2016). Moreover, rangelands store world’s
half amount of carbon in the roots of the plants. In this case, natural rangeland ecosystems can be the
cheapest way to absorb carbon by photosynthesis, store it in the biomass and soil, and therefore mitigate
climate change (Attaeian, 2016). According to the Attaeian (2016) carbon sequestration of rangelands
depends on biomass density, plant primary productivity and decomposition processes.
1.2 LAND DEGRADATION
Land degradation is a broad concept and has various definitions and types and has been
recognized as an international problem. UNEP (1992) defined land degradation as “the temporary or
permanent lowering of the productive capacity of land as a result of human activities” (UNEP, 1992).
FAO (2005) defines is “degraded land is land which due to natural processes or human activity is not
able to sustain properly an economic function and/or the original ecological function”. At the UN
Conference on Sustainable Development political leaders agreed that land degradation, desertification
and droughts are major problems, that deadlocks sustainable development and impose threat to stability
of regions (Reeves, 2016). Land degradation starts with some characteristics and develops into
measurable features. Therefore, land degradation is hardly to be recognized at early stages. Many
attempts are undertaken to mitigate or overcome land degradation, however many of them have been
failed (Omuto et al., 2011). These obstacles explain why degradation has become a global challenge.
The United Nations Convention to Combat Desertification (UNCCD) states that over 250
million people are directly and over one billion people indirectly affected by land degradation (WMO,
2005) and these numbers are increasing every year. These people represent the world’s poorest and
vulnerable. The implications of Land degradation (LD) to ecosystems and economy are also immense:
according to Dubovyk (2013) LD in drylands caused damage around 13-28 billion dollars to the
economies worldwide only in 1996.
FAO identifies several types of land degradation, which includes soil erosion (e.g. by water or
wind), soil salinization, overgrazing, soil fertility decline, deforestation and waterlogging (FAO, 2003).
This study focuses on grazing lands because overgrazing is very relevant problem in Uzbekistan.
Almost half of Uzbekistan’s rangelands are degraded. Secondly, though the government pays big
attention to mitigating this issue in recent years, the problem is still persistent. Finally, overgrazing and
carrying capacity strongly interest me ever since I got acquainted with them.
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1.3 OVERGRAZING
The problem and cause of overgrazing is properly described in Hardin’s famous work “Tragedy
of the commons”, where he refers to William Forster Lloyd (1794-1852). Meaning of this idea is that
every herdsman will try to keep as many cattle as possible on the common lands, being the natural
resource not owned by anybody and yet owned by everybody. Such an attitude and behavior may work
within centuries, because the pasture and cattle are affected by poaching, wars, disease, natural
disturbances. Hence, the number of herds does not exceed the carrying capacity. Finally, the social
stability and demographic prosperity becomes a reality, and this leads to significant growth of
pastoralists and cattle herds. This in turn leads to exceeding the carrying capacity of pastures. Each
herdsman tries to maximize his benefit, instead of thinking about the stability of the system (Hardin,
1968).
The University of Idaho Rangeland Center (2011) defines overgrazing as “when the continuous
grazing exceeds the recovery of plant community and soil composition away from the desired
community”. This mostly occurs because animals continuously graze on most palatable species and
due to this the latter are not able to reproduce or grow.
According to rangeland managers, the plant communities in pastures are most vulnerable to
overgrazing during the flowering period. After the flowering period, when the plants are mature, they
are less affected by continuous grazing (University of Idaho Rangeland Center, 2011). Most of
rangeland experts affirm that overgrazing is related rather to unsystematic continuous grazing of
livestock, rather than to stocking rate (Masselink, 2016).
According to Reeves et al. (2016), today the total percent of degraded rangelands constitute
approximately 23% of the total area. Most scientists agree that both nature and anthropogenic factors
are reasons of rangeland degradation. Although there is a disagreement between them about the major
cause: some experts argue that it is due to anthropogenic factors (overgrazing), while others state that
it is due to climatic reasons (Zhihui et al.,2008). Many researches revealed that land degradation due
to overgrazing leads to local and global climate change. For instance, the research that has been
conducted in the central part of the Tibetean Plateau, Damxung region, by Chinese and Japanese
scientists showed that the average temperature has increased by 2 degrees on the areas affected by
overgrazing during the last 47 years (Mingyuan et al, 2012). This was caused by reduced vegetation
cover and subsequent decrease of evapotranspiration level in the region (Mingyuan et al, 2012). Studies
in northern Mexico revealed that land degradation, caused by overgrazing in semiarid regions, led to
significant temperature increase in the region (Balling, 1998)
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Overgrazing is a serious threat to biodiversity. In desert and arid areas it reduces plant productivity and
leads to further desertification, while in mountain and foothill plains it destroys the stability of slope
areas, leading to water erosion, delays plant growth and declines water holding (Azarnivardet al.,2010).
Additionally to this, overgrazing can lead to decreased forage yield and low forage quality (Azarnivand
et al., 2010). Azarnivand et al (2010) mentions that overgrazing will lead to less biomass cover and
consequently to soil erosion and invasion of weed and noxious species. Various experiments conducted
in different regions concluded that continuous grazing also influences soil quality (Azarnivand et al.,
2010).
1.4 PROBLEM RELEVANCE IN UZBEKISTAN
Uzbekistan is a Central Asian (hereafter CA) country, which have borders with all other CA
states an also a short border with Afghanistan in the south. The territory of Uzbekistan accounts to
approximately 447 thousand square kilometers, which is third in CA after Kazakhstan and
Turkmenistan.
The physical-geographical environment of Uzbekistan is considered as diverse. It has a sharply
continental and arid climate. The desert topography, which is situated mostly on central part of the
state with vast Kyzyl-Kum desert, comprises to nearly 80 % of the total territory. Mountainous regions
are situated on the eastern part of the country, Tashkent and Fergana valley, reaching the highest peak
of 4500 meters above the sea level.
The annual average precipitation rate is 300 mm across the country, though the rainfall amount
is unevenly distributed across the country. The plains that occupy almost 75 % of the country’s territory
experience shortage in water supply with few lakes and wetlands (Toderich et al, 2013).
Uzbekistan is vulnerable to land degradation for several reasons (Rajabov, 2009; Dubovyk,
2013). Foremost, the total irrigated area of the country is approximately more than 4.3 million of
hectares (Dubovyk, 2013). Having arid climate and low precipitation rate Uzbekistan consumes a large
amount of water for irrigation purposes. Secondly, it has a largest rural population in CA (14 million
people) with poor urbanization rate (Dybovyk, 2013).
In Uzbekistan, livestock production is a very important source of income for many families and
food supply. Local farmers and pastoralists (Fifth national report on conservation of biodiversity, 2015)
own most of livestock herds in the country. According to Yusupov (2003) more than 2.3 million people
directly depend on livestock production. Moreover, livestock grazing in the country is the main source
of family income for many people, mostly on desert and foothill plains and rural settlements.
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From 42 % to 46 % of country’s territory is defined as rangelands (Nishanov, 2014; State
committee on nature protection, 2015). There are several types of rangelands in Uzbekistan. Desert
rangelands constitute major part of grazing lands (78%). High temperature, arid climate, low
precipitation rates and sparse vegetation cover characterize such rangelands. Pastures that are situated
in foothill plains constitute nearly 15% of the total area. In such areas, most of agricultural fields are
located. Majority of rangelands in Uzbekistan are affected by degradation (Fifth National Report on
Biodiversity, 2015). According to the State Committee on Ecology and Nature Protection, the average
rate of pasture degradation is 1.5% each year.
Toderich et al (2013) states that natural ephemeral and ephemeroidal rangelands are the major
traditional grazing territories for livestock in the region. According to him 95% of the forage that
supplies the livestock, predominantly karakul sheep and goats, are come from these rangelands. Farmer
and local herders harvest remaining 5%, when grazing biomass is not available.
During the last decades big changes occurred due to reforming the system of pasture
management. Significant increase of livestock and population, transition of livestock from the public
sector into the private one, domination of unsystematical breeding of livestock on rangelands, reduction
of funding of ameliorative activities for pasture rehabilitation, lack of law abiding in pasture use sector
and several other reasons have led to rangeland degradation (State committee on nature protection,
2015; Todercih, 2013; Yusupov, 2003).
The State Committee on Ecology and Nature Protection (2015) states that main factor of
degradation in arid pastures, which are situated in desert regions, is overgrazing. Rareness of vegetation
cover and aboveground plant biomass and low precipitation rate in conjunction with intensive grazing
leads to reduction of rangeland degradation and low productivity of phytocenosis. Because of
overgrazing the number of plant species decrease several times. Moreover, soil humus is degrading,
and sand dunes are increasing. This in turn leads to change of habitats of animals (Fifth nature
protection on conservation of biodiversity, 2015).
Yusupov (2003) also mentions that from all land degradation types, overgrazing was major one
accounting for 44 % from overall land degradation. All other land degradation causes, like wind and
water erosion, natural disturbances due to abiotic pressure, accounted for only one third of the total
degradation. On the overgrazed rangelands, changes in biomass composition, for instance increase of
unpalatable species, are observed (Toderich et al, 2013).
Pastures’ degradation is also happening in foothills and low mountains territories. Mostly it
happens because of soil erosion (water erosion, wind erosion) on territories with thinned natural
vegetation and high slope (State Departmment of Nature Protection, 2015).
12

The number of livestock by 2016 in Uzbekistan, according to governmental data, constituted
18.5 million goats and sheep, 4.5 million cows, 85 thousand horses and 19 thousand camels.
1.5 PROBLEM DEFINITION
According to Dubovyk (2013) and Bensitova et al. (2014) today almost 10 million ha (52 %)
of rangelands in Uzbekistan became degraded. In recent years, the land degradation due to overgrazing
in Uzbekistan has reached an alarming level. The major cause of rangeland degradation is rapid
population growth and poor localized grazing management (Toderich et al, 2013). Excessive
concentration of grazing on certain areas and limited herd mobility caused overgrazing of pastures
(Dubovyk, 2013). Low watering of pastures and a very sparse system of wells in deserts considerably
intensify the process. The project under UN and GEF in cooperation with State Committee of the
Republic of Uzbekistan for Land Resources, Geodesy, Cartography and State Cadastre “Reducing the
burden on the use of natural resources as a result of the competing exploitation of non-irrigated
drylands in mountain, semi-desert and desert landscapes ” (2016) revealed the area of pasture for one
sheep declined from 1.44 ha in 2010 to 1.21 ha in 2013. UNCCD (2006) reported that 73 % of total
pastures in Uzbekistan are affected by degradation, where 7.4 million hectares are caused by
anthropogenic factor. In relation to anonymous information from the members of Ugam Chatkal
National Park and State Committee of Ecology and Nature Protection, due to unregulated grazing of
livestock by local people and incoming livestock from Fergana valley (based on not official agreements
with herders), causes land degradation and overgrazing, that implicates to soil erosion, vegetation
cover decline and biodiversity loss.
Main goal
This study aims to analyze spatiotemporal changes of pastures in mountain regions of the Tashkent
province.
Research objectives
1. To analyze pasture indicators according to last cadaster inventory
1.1 To estimate the carrying capacity of areas where the livestock is grazing
1.2 To assess the ESSR of pasture areas
1.3 To assess the total biomass of each pasture plot
2. Comparison of three different types of VI’s in order to research the potential of remote sensing tool
for pasture monitoring:
2.1 To apply RS (NDVI, SAVI, MSAVI) vegetation indices for study area within a period
2009-2016 and make comparisons between them;
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2.2 To make RS classification for study area according to VI to detect the land cover and
catch the trend for pastures.
3. Statistically anylyze (correlational and regression analysis) the relation between cadaster and RS
data to reveal the extent and value of relationship between remote sensing and cadaster data; and
4. Analyze scenarios to assess possible future implications on the study area according to analyzed land
cover change via remote sensing.
Research questions:
1. What are the pasture indicators according to last cadaster inventory?
1.1. What is the carrying capacity of pasture areas in a study area?
1.2. What is the ESSR of pasture areas in a study area?
1.3. What is the total biomass of each pasture plot according to cadaster data?
2. What potential has remote sensing for monitoring of pastures?
3. What is the value of relationship between remote sensing and cadaster data’s?
4. What are the possible future scenarios for study area?
1.6 Outline of the report
The thesis is reported in the following way: introduction, literature review, methodology and
results, and is concluded by discussions and conclusions part. The author decided to divide the chapter
dedicated to literature review into three sub-chapters (aboveground biomass, carrying capacity and
remote sensing) to guide reader through basic concept of pastures and their inventory, followed by
carrying capacity concept and uncertainty of its calculation, ended by potential of remote sensing
vegetation indices to monitor natural pastures.
Methodology part describes how the objectives were attained. It contains seven equations,
which were used in thesis and is divided into 5 parts: cadaster data analysis, remote sensing analysis,
statistical analysis, and scenario analysis and ended by the study area description.
Chapter 4 shows the results of the research. It is separated into four subjects, each reaching four
objectives. Last sub-chapter describes four plausible scenario scripts based on remote sensing results.
Chapter 5 discusses uncertainties in outcomes and weakness in methodology and make bridge between
Results and Conclusions. Chapter 6 concludes general outcomes of the thesis and author’s
recommendations.
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CHAPTER 2. LITERATURE REVIEW
2.1 ABOVEGROUND BIOMASS
Aboveground biomass (AGB) or aboveground net primary productivity (ANPP) are often used
as synonyms to each other. The study about ANPP has been a major object of research in ecology
(Flombaum et al., 2006). Concepts of AGB and ANPP are very important for rangeland ecosystems. It
can be used for calculation of fodder availability for livestock or the carbon balance. Sala and Austin
(2000) defines ANPP as the rate at which AGB is produced per unit area within one year or month. It
is usually expressed in weight or energy (g m2 yr-1 or kJm2 yr-1). Maluleke (2016) makes equality
between forage production and Above Ground Net Primary Productivity, which influence to livestock
production. FAO’s (2006) definition of AGB is “all living biomass above the soil including stem,
stump, branches, bark, seeds and foliage”. Rangeland aboveground biomass is a major factor for
estimating appropriate stocking rate, stocking density and forage availability (Flynn, 2006). According
to Espach (2010) AGB is a total forage product during a particular growing season and serves as an
information of rangelands capacity, while Total Seasonal Biomass Production (TSBP) is the annual
production of biomass by rangelands and is assessed at the end of the growing season.
To estimate aboveground biomass two models are widely approached: biological-physical
model (fieldwork) and empirical-statistical (remote sensing) (Chengfeng et al, 2015). Various methods
have been developed to directly estimate biomass depending on ecosystem types and biomass turnover
(Flombaum et al.,2006). Direct harvesting approach is best and most popular approach for estimating
pasture biomass, however it is time consuming, destructive and expensive (Flynn,2006; Flombaum et
al.,2006). This method is used at the peak of the growing season and before the grazing, when pastures
have the highest rate of grass yield (Flombaum et al.,2006). According to Haydock and Shaw (1975)
the rangelands have various landscapes and for high reliability of estimation it is better to take more
samples with low precision than low samples with high precision. In this case sampling method and
number is crucial for validity of the research.
During the early spring or after grazing plants are small and have few leaves. Consequently,
rangelands have low forage biomass during this timeline. While plants get bigger and number of leave
stems rise, plants begin to absorb more solar energy and transform it to chemical energy through
photosynthesis. During the flowering and vegetation period pastures significantly rise in AGB, if there
are no limiting factors to this (Undersander et al, 2002).
According to Undersander et al. (2002) rangelands have the highest quality of grass yield (high
percentage of nutrients and dry matter) during the early vegetation periods. As the plants, get bigger
15

the total amount of digestible nutrients declines with forage quality. Therefore, it is important to catch
the best time for grazing, taking into account both forage quality and forage quantity in pastures.
Direct harvesting method is common approach while estimating AGB. Nevertheless, despite
their precision, destructive sampling in some cases concerned unacceptable. In this case nondestructive sampling methods, such as remote sensing and RPM (rising plate meter) which measures
compressed word surface height are used (Flynn, 2006).
Harvested method is usually performed by quadrats. A quadrat is a frame that is intended to
estimate the biomass of a specific area according to sampling (Baxter, 2014). Quadrat can be circular,
square or rectangular. According to Baxter (2014) the quadrat method is universal assess any plant
community. However, some vegetation types are better estimated using other techniques. To estimate
vegetation cover of rangelands adequately several quadrats are taken. Sampling technique is very
important for assessing rangelands biomass adequately. Rangelands have different ecoregions, varying
in topography, aspect, other floristic differences and within these sub-sites samples are located
randomly (Baxter, 2014).
While assessing vegetation cover using quadrats, different measurements can be taken into
account (Baxter, 2014): counts- number of individual of a species; cover- the percent of a canopy
cover; density- the number of plants per unit area; frequency- the percent of samples in which the
species presented.
Other techniques have been developed as an alternative to harvest techniques. One of them is
measuring vegetation cover, which correlates with biomass (Flombaum et al., 2006). The line
interception model is widely used in grasslands and arid steppes (Flombaum et al.,2006). The sense of
this method is to record the interception of canopy cover with transect plot (Flombaum et al., 2006).
2. 2 CARRYING CAPACITY
Сarrying Capacity (CC) is very important concept for rangeland management. FAO (1988) defined
CC as the maximum rate of livestock that rangeland can support on a sustainable basis. By Meehan et
al. (2016) carrying capacity is measurement of how much forage the rangeland piece can produce
annually, while for population ecologists the carrying capacity is the level of population under which
it will not grow (Mysterud, 2004). Usually, CC assessment is based on the idea that livestock needs
from 2.5 to 3.0 % of total dry matter of their body weight every day (De Leeuw et al, 1990). Therefore,
a tropical cow with 250-kg of bodyweight will need from 6.3 kg to 7.5 daily, 187 kg to 225 kg monthly
and from 2244 to 2700 kg annually of dry matter. Additionally, De Leeuw (1990) claims that to
estimate the relationships between fodder supply and demand, three points should be considered:
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1. Grazing efficiency;
2. Loss of biomass (due to trampling, fouling, decomposition); and
3. Maximum proportion of forage that can be grazed without rangeland degradation.
Often CC is considered as a static value. However, different rangelands vary in CC throughout
space and time and during different seasons (De Leeuw et al, 1990; Meehan et al.,2016). Moreover,
proper estimation of pastures’ CC is difficult, because various factors (such as trampling, fouling,
precipitation, temperature) influence it (Mulonda, 2011).
Hocking et al. (2009) propose a method for determining CC by calculating the amount of biomass
at the end of the growing season or before the grazing period:
𝐴𝐺𝐵∙𝐶𝐹

CC=

𝐷𝑀𝐷

Where AGB-is aboveground biomass of pasture; CF is the correction factor; DMD - amount of dry
matter forage by livestock.
In Uzbekistan Research Institute for Karakul Breeding develops the concept of carrying
capacity. Following their methodology, the carrying capacity of pastures are assessed according to the
following formula (Scientific research institute of karakul breeding and deserts, 2016):
𝐴𝐺𝐵∙𝑁𝑉∙𝐶𝑈∙𝐴

CC=

𝐷∙𝐴𝐹𝐼

Where: AGB is the aboveground biomass of a pasture; NV – nutritional value of forage; CU -maximum
allowable coefficient of use of biomass; A – area; D – grazing days and AFI – average forage intake
by one animal unit per day.
George and Lile (2009) also take into account slope and water distance factors for carrying
capacity adjustments. According to them, high slope (31-60⁰) reduces carrying capacity by 60 %,
moderate slope (11-30 ⁰) reduces CC by 30 % and extremely high slope areas (>60 ⁰) makes grazing
unavailable.
Distance from water also reduces grazing capacity of pastures. Livestock tends to graze on areas
close to water (0-1.6 km) (Melvin and Lile, 2009). Long distance to water (1.6-3.5 km) reduces CC of
pasture twice and too long distance (>3.6 km) make it not available for grazing.
Range health expresses the rangeland’s ability to perform certain ecosystem functions. It can
be defined as healthy, unhealthy or healthy, but with certain problems. Ecosystem functions include
net primary productivity, soil stability, plant diversity, carbon storage, nutrient cycling and
evapotranspiration (Alberta Sustainable Resource Development, 2004). Several data are required to
estimate CC: range surveys, ecosystems, grazing studies, forage growth and etc.
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Meehan et al. (2016) gives the following definitions of stocking rate and carrying capacity
“Stocking rate is forage demand, while carrying capacity is forage supply”. However, both concepts
are expressed in Animal Units per Month (AUMs), stocking rate characterizes the actual livestock
number and type, while carrying capacity describes theoretical stocking number that certain rangeland
can support on sustainable basis.
Stocking rate has some criteria to be estimated (Meehan et al., 2016): forage demand is the
amount of forage that is needed to feed certain number of animals grazing on a certain pasture unit,
available forage is the biomass that is produced and available for livestock, duration is the period that
an animal is grazed on rangeland.
Many factors influence sustainable stocking rate that should not be bigger than the carrying
capacity of pastures: precipitation rate, forage productivity, forage quality and palatability, water
resources and availability to livestock, livestock amount and class, grazing period, type of rangeland
(Meehan et al, 2016).
Carrying capacity and stocking rate are usually expressed in AUMs - Animal Unit Months.
AUM is based on age, class, type of a livestock and estimate how much forage livestock demands for
one month (Meehan et al., 2016). There are several types of AUMs varying between countries. For
example, in the USA, one AUM is equivalent to 1000-pound (455 kg) mature cow with 6-month old
calf. Although livestock is not always mature cows with calf and can contain bulls, horses, sheep, goat
end etc., each of them are expressed in Animal Unit Equivalent (AUE) through AUMs. Meehan et al.
(2016) give AUE of each livestock animal class and type (Table 1).
Table 1. Animal unit equivalent forage intake (Meehan et al., 2016)
Kinds/Classes of animals
Animal Unit Equivalent
Forage Consumed in
Pounds (air dried)
Day

Month

1000 lb cow, dry

0.92

28

851

Bison cow, mature

1.00

30

913

Bison bull, mature

1.50

45

1368

Horse, mature

1.25

38

1155

Sheep, dry

0.15

5

135

Sheep, mature with lamb

0.20

6

182

Sheep ram

0.25

8

228

Goat, mature

0.15

5

152
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In addition, various schemes of estimating stocking rate and animal unit equivalent exist. Each
scheme varies in complexity and details. For example, the UK government divides animal’s weight
into 650 kg that of ruminant’s. Accordingly, 650 kg is one AU in the UK. Tropical livestock is another
scheme that is mostly used in arid and semi-arid countries, where bodyweight of an average cow
approximately equals to 250 kg. For the arid and semi-arid regions, FAO mostly uses Tropical
Livestock Unit animal equivalent, which is a 250 kg cow which consumes 6.25 kilograms of dry matter
each day (RI of karakul breeding and deserts, 2016).
Nevertheless, some experts criticize CC estimate for wasting money, time and resources
(Hocking et al., 2009). They state, that despite the rangeland studies livestock management did not
improve in previous decades. According to Hocking et al. (2009), some mistakes in forage assessment
in rangelands are observed due to subjectivity and variability. For insatance:
1. They do not take into account accessibility factor
2. Estimates of biomass is higher than in reality;
3. Subjectivity in estimating proper use factor.
Carrying capacity of rangelands can be increased by improving livestock distribution with such
practices as water development, supplement placement, herding and fencing. Rangeland seeding and
fertilization may also be options for increasing carrying capacity (Melvin George et al., 2009).
Term “Ecologically sustainable stocking rate” is a concept close to the carrying capacity.
According to Alberta Sustainable Resource Development (2004), ESSR shows the maximum safe
number of animal units per month for a certain type of plant species that pasture plot can support on a
sustainable basis. There are several indicators that ESSR takes into account: biophysical constrains,
grazing potential and goals. It is usually expressed in AUM/area unit or area unit/AUM.
2. 3 REMOTE SENSING AND GIS
Remote sensing (RS) is a powerful tool for estimating aboveground biomass. The advantage
of remote sensing over fieldwork is that it is not time consuming and financially cheaper. RS can be
used both in small and large areas of grazing land for monitoring and assessment. Various studies
show that RS has high correlation with actual field measurements. Moreover, most satellite RS images
have revisit time not more than two weeks and some of them use hyper spectral sensors to gather
information from land surface.
Ghorbani et al. (2012) show that RS has evolved into a powerful tool in climatic and
environmental monitoring and researches, both on local and global scales. Moreover, it can be
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empirically related to field measurements. Additional advantages of remote sensing are that it can be
calibrated, repeated and cost-effective (Ghorbani et al, 2012).
The application of remote sensing via rangeland monitoring and assessment of biomass is very
long and starts from the launch of first satellites (Reeves et al, 2016). Although the remote sensing is
widely applied in rangeland monitoring during many decades, there is a still mismatch between the
information the rangeland experts need and the information the remote sensing images provide.
Satellite images can provide the information on a large scale about the leaf area index, water conditions
and chlorophyll, while rangeland managers require foremost the information about the successional
status of the species presence (Hunt et al., 2003). However, the situation is changing over the recent
years.
The major goal and advantage of remote sensing monitoring of rangelands is observation of
vegetation conditions over a large area and within extended periods of time. In this case remote sensing
can be applied for both regional and global scales. It can be useful for assessing above ground biomass
of pastures or for monitoring general conditions of vegetation cover of world rangelands for predicting
of climate change. Reeves et al. (2016) asserts that remote sensing approach is truly objective, critical
and synoptic for assessing changes in our environment: terrestrial, aquatic, oceanic and atmospheric.
Hunt el al. (2003) mentions several examples when hyperspectral remote sensing is applied in
identifying noxious plant species on rangelands. He states that the best approach for identifying
noxious species is aerial photography during the specific phenological phase (flowering). For example,
in one research conducted in Texas rangelands, demonstrated the use of SPOT satellite in detecting the
false stands of broom weed (Hunt et al., 2003). Another research accomplished by Williams and Hunt
(2002) illustrated that AVIRIS satellite images with conjunction of other analysis tools for hyper
spectral images can map the cover of leafy spurge on a research area (Hunt et al.,2003).
Several satellites can be applied in rangeland monitoring (Booth et al, 2003):


Landsat 7 ETM+ with spatial resolution 30 meters (15 meters in panchromatic), 6 spectral
bands and total land cover 31000 km2. Xie et al. (2009) mentions that Landsat satellite images
have been widely used during many decades for rangeland monitoring;



Landsat 5 TM with spatial resolution 30 meters and 7 spectral bands;



Indian Remote Sensing has high spatial resolution and functional in overgrazing and land
degradation assessment;



QuickBird has very high spatial resolution (0.61 meters each pixel), however is very
expensive for most rangeland managers;
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MODIS can be very helpful in rangeland monitoring across large areas. It has spatial
resolution 250 meters with 36 spectral bands.
Many experts state that assessing grass yield of rangelands using traditional method (clipping

vegetation along transect) can be costly, time consuming and challenging due to unavailability of some
rangeland areas (Reeves et al, 2016; Xie et al., 2009). Reeves et al (2016) and Xie et al. (2009) mention
various researches from 1990s to 2000s about the advantages of convergences remote sensing satellite
data and filed work for land degradation assessment and identification. Usually the assessment of
rangeland biomass conditions carried out with empirical approach involving statistical analysis of
remote sensing satellite data and field measurements (Dungan, 1998).
For instance, in a research accomplished by Tucker et al. (1983), the expert team used both
logarithmic and linear regression to field collected measurements and AVHRR NDVI to predict a
biomass in kg per ha in a Sahel region, Jordan. In Kawamura et al. (2005) applied 500 m2 MODIS
EVI (enhanced vegetation index) in Xilingol steppe, China, to estimate total live linear regression
analysis. In a research, conducted in Mongolia the expert group used NOAA-NDVI from remote
sensing analysis of biomass conjoint with filed measurements to estimate pasture biomass and carrying
capacity. Based on research results, it was estimated that the pasture lost 20-30 % of its NPP during
the last 45 years.
In a case study conducted in Sudan, remote sensing analysis revealed significant land
degradation patterns in Wadi Al Kanger region from period 1973 to 2011 (Elgah et al.,2014). In this
case study experts revealed that within different period the study area witnessed various degradation
patterns. Masselink (2016) also used several vegetation indices like NDVI, SAVI, EVI in conjunction
with historical field data in Kara-Unkur watershed, Kyrgyzstan, to estimate ecological conditions of
the pasture. The study revealed that Modified Soil Adjusted Vegetation Index (MSAVI) is more
reliable in detecting pasture biomass, while EVI and NIR were most accurate in estimating palatability
of the pasture.
Vegetation indices
According to Clever (2016) the reflectance and transmittance of electromagnetic spectrum in
VIS (especially in red color) for plants accounts to 10 % or less. At the same time, all plants are ignorant
for induced energy within NIR spectrum and reflect or transmit NIR energy more than 50%. Therefore,
the concept of vegetation identification via remote sensing imagery was based on the difference
between RED and NIR electromagnetic spectrum. Almost all vegetation indices calculate the ratio
between them.
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In 1968 Jordan proposed the first vegetation index that was based on a simple, but fundamental
concept that plants absorb more energy in VIS than in NIR. The VI was called RVI (Ration Vegetation
Index) (Hue et al., 2017).
Nevertheless, according to several authors (Hue et al, 2017) this index is sensitive to
atmospheric effects when the vegetation cover is less than 50 %.
NDVI is most widespread and popular vegetation index to assess the vegetation conditions and
canopy cover in image processing (Xie et al., 2009). NDVI is often used as state indicator of vegetation
conditions (Ghorbani et al., 2012). Ghiorbani et al. (2012) and many other authors claim that this index
has high positive correlation with LAI, biomass and photosynthetic activity. Values for NDVI varies
from minimum -1 to maximum +1, where -1 accounts zero vegetation cover and +1 is maximum
vegetation cover. Although, for bare soil values range from 0.1 to 0.3 depending the soil type and
humidity. Relatively strong positive correlations have been found between NDVI and different
rangeland vegetations: alfalfa (0.89), winter wheat (0.6-0.78), shortgrass steppes (0.66) (Flynn, 2006).
The concept of NDVI is based on the fact that healthy vegetation absorbs a lot of energy in visible
spectra, especially red, and significantly reflects energy in NIR wave. NDVI is most widely used
vegetation index in different disciplines. It is also widely approached in rangeland monitoring. The
concept of NDVI is simple: it estimates canopy cover making difference between RED and NIR
spectral reflectance, chlorophyll reflects much more NIR energy than RED.
NDVI was used in several researches across the world on management, monitoring of various
pasture indicators has shown high correlation of NDVI with ground-truth measurements and its high
potential for pasture management. In a research, conducted by Chinese scientists (Yu et al., 2010) in
alpine grasslands of Golog Prefecture revealed high interdependence of MODIS_NDVI with numerous
field measurements (biodiversity, aboveground biomass, and canopy cover).
SAVI is derivative index from NDVI that reduces soil influence and mostly used in arid and
semi-arid regions. It was developed by Huete in 1989 to minimize soil brightness in near-infrared and
red spectral diapasons. Average L value for moderate soil cover equals 0.5, which makes SAVI
minimal and maximal values varying from -1.5 to 1.5. L value removes the necessity for field
calibrations to study the value of influence of different soil types.
According to Qi et al. (1994), SAVI has small influence on soil noise, compared to NDVI, while
NDVI has a very high influence on soil noise in areas with small vegetation cover percentage. A
research that was conducted on a cotton field during various vegetation periods shows that SAVI index
shows smaller values during all periods comparing with NDVI. When NDVI equals to 0.1 (day 100),
SAVI index is relatively close (0.06-0.07). On day 150 NDVI reaches 0.22-0.23, while SAVI on the
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same day has 0.15 value. When NDVI equals to 0.4, SAVI is two times smaller (0.2). On day 160-165
NDVI is almost 0.5, SAVI close to 0.36-0.38. The difference between two indices becomes larger on
day 180-190: NDVI-0.65, SAVI-0.45. On day 200, the gap is even bigger: 0.85 compared to 0.65 (Qi
et al, 1994).
To recapitulate, the difference between SAVI and NDVI varies from 0.04 to 0.2 depending on
vegetation cover. According to Huete (1988) NDVI always shows higher values than SAVI, despite
the vegetation cover, soil type, soil moisture and type of vegetation.
SAVI is another popular VI to estimate of rangeland productivity. In a study, conducted by
Richardson and Everitt (1992) on a south Texas range area, SAVI represented very high relationship
with standing green biomass (R2=0.805), thus showing high potential for rangeland monitoring.
Masselinks thesis research (2016) inference that SAVI index has moderate correlation (R2= 0.47) with
dried biomass of pasture plots.
MSAVI is a modified SAVI. It was developed by Qi et al(1994)as modification of SAVI in
order to replace L constant from derived induction. On a research conducted on cotton field SAVI and
MSAVI have very close values during different vegetation periods, when L=0.5 (Qi et al, 1994). In
measurements, conducted on different soil types (dry clay, dry sandy, wet clay) SAVI shows a little bit
higher values (0.075) than MSAVI (0.06) (Qi et al, 1994). Temporal dynamic responses of MSAVI
index to cotton growth shows the meanings as SAVI until day 200, when both indices reach 0.65.
Afterwards, MSAVI starts to show higher values, than SAVI. The difference becomes significant on
day 220-225: MSAVI close to 1, while SAVI is 0.8.
The same patterns for all three VI’s (NDVI, SAVI, and MSAVI) is shown in Masselink’s (2016)
thesis work. Averagely, NDVI shows 0.2 times higher results on green biomass (starting from 0.5),
rather than MSAVI and SAVI. What is more, in this case MSAVI also overcomes SAVI value on the
areas with very high-density vegetation.
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CHAPTER 3. METHODOLOGY
3.1 ANALYSIS OF CADASTER DATA
Field based data were obtained from various governmental sources. Bruchmullo forestry
currently belongs to State Committee of Forestry of Uzbekistan. However, several departments,
depending on the type of land, undertake the inventory of forest areas. Pastureland types are defined
and measured by State Committee of the Republic of Uzbekistan for Land Resources, Geodesy,
Cartography and State Cadaster in 2008. National Academy of Science formed the methodology for
pasture inventory and monitoring. Pasture data contain the average aboveground biomass estimate and
areas of pasture.
To estimate carrying capacity of pasture areas (plot, quarter, sub-forestry) following formula
was used:
CC=

𝐴𝐺𝐵∗𝐶𝑈·𝐷𝑀·𝐴·𝐵𝐿
𝐴𝐹𝐼·𝑆𝐷

EQ1

Where:
ABG is aboveground biomass of pasture plots per hectare
CC is carrying capacity (animal units per month)
CU is coefficient of use of pastures (65 % in Uzbekistan for mountainous pastures)
TDM is the biomass loss according to drying out (averagely 10-20 % of biomass according to several
experts) (kg)
A is area of pasture (in hectares)
AFI is average forage intake of dry matter of one animal unit every day in kg’s (2.5-3 % of animal
weight) (kg per day)
BL is biomass loss due to trampling, urinating and croaking (usually 10-30 %)
SD is stocking days (30 days)
Ecologically sustainable stocking rate is the maximum number of animal unit per one hectare that is
ecologically sustainable for this pasture area:
𝐶𝐶

ESSR= 𝐴 EQ2
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Where:
CC is the carrying capacity of the pasture (in AUM’s)
A is area of the pasture (in hectares)
Average aboveground biomass for quarters (AAGB) were calculated according to the following
formula:
AAGB=(∑𝑛𝑖=1 𝑝𝑖 · 𝐴𝐺𝐵𝑖) / ∑𝑛𝑖=1 𝑝𝑖 EQ3

Where:
pi-the area of pasture plot i
AGBi- the aboveground biomass of pasture plot i
n- number of pasture plots within a quarter
The total pasture biomass for quarters were calculated using the following formula:
𝑛

TPB=∑𝑖=1 𝐴𝐺𝐵𝑖

· 𝑝𝑖 EQ4

Using the calculated data for quarters for better spatial representation of obtained information,
maps were generated in ArcGIS 10.3 for 5 different pasture indicators. For accomplishing these tasks
various operations, including georeferencing, creating polygon objects in vector map, table relating
and etc were undertaken.
3.3 REMOTE SENSING ANALYSIS
Since the cadaster data were conducted during 2008 (May-June) it was logical to start analyzing
satellite images starting this year, however, due to absence of high quality images for this year, it was
decided to start analyzing from year 2009 as the difference within one year is not significant according
to the author’s assumption (Table 2). Last image was downloaded for 22th of May 2016. Landsat
images were stacked together and rescaled in ERDAS Imagine.

25

Table 2. Acquisition dates of Landsat images
Year
Day

Sensor

2008

No high-quality data

Landsat 5

2009

4th of June

Landsat 5

2010

7th of June

Landsat 5

2013

14th of May

Landsat 8

2016

22 th of May

Landsat 8

Before applying VIs, image preprocessing was used in order to analyze satellite images more
correctly. Considering the fact that for multi-temporal analysis we use images from various satellite
sensors, foremost radiometric correction should be done before making comparisons between satellite
images of different years, because Landsat 5 and 8 have different sensors with another diapason of
spectral range for RED and NIR bands.
Conversion of image digital numbers into units of at-sensor radiance is the first step of image
pre-processing. The mtl.txt file of Landsat images have information about the ‘gain’ and ‘bias’
characteristics of sensor bands (see Annex 1). In Equation 5 Lλ represents the at-sensor radiance,
converted using digital numbers(DN) of pixels and constant satellite characteristics
Lλ =gain·DN+ bias

EQ5

Calculation of TOP OF THE ATMOSPHERE (TOA) albedo converts at-sensor radiance to
unitless planetary reflectance, taking into account solar zenith angel, distance between the Earth and
the Sun at acquisition day and solar exoatmosheric irradiance for each spectral wavelength:
π·𝐿 ·d2

𝑝 = 𝐸𝑆𝑈𝑁𝜆 𝑐𝑜𝑠𝜃
𝜆

EQ6

Where:
P - unitless planetary reflectance of object for specific band
d - distance between sun and earth on acquisition day (see Annex 1)
cos θ - cosines of solar zenith angle (solar zenith angle= 90 – solar elevation)
ESUNλ - the solar exoatmosheric irradiance for each specific band
L λ- radiance of pixel (watts/m2 sterd)
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For Landsat 8 radiometric and atmospheric correction differs from previous sensors due to some
technical characteristics of Landsat 8 OLI/TIRS sensor device:
𝑝=

2∗0.00001·DN−0.1
cos 𝜃

EQ7

For assessing surface biomass vegetation indices have been developed within several decades.
Each of them has its advantages and disadvantages. The basic principle that almost all VI use is that
vegetation absorbs much more energy in visible spectrum of electromagnetic wave (especially in RED)
and reflects more than half of EM waves in NIR specter.
Before starting image analysis, foremost image pre-processing should be applied. The main
reason for image preprocessing is to make possible to compare values between different sensors.
According Equation 7 for calculation of planetary albedo of an object one needs several variables: solar
exoatmospheric irradiance constant, which is different for each band (Table 3), solar distance from the
Earth on a particular day of the year (acquisition day) (Table 4), solar zenith angle on acquisition day
(Table 5).
The solar flux for two Landsat satellite bands are shown below in Table 7 (in watts/m2):
Table 3. Solar exoatmospheric irradiance
Band 1 Band 2

Landsat

5 1957

1826

Band 3

Band 4

Band 5

Band 7

1554

1036

215.0

80.67

TM

Table 4. Solar distance (in astronomic units)
Year
2009
2010
Distance

1.0144889

Table 5. Solar zenith angle (degrees)
Year
2009
Sun zenith

22,7263

2013

2016

1.0148590

1.0106992

1.0123559

2010

2013

2016

26,2205

27,781

26,5645
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Radiometric calibration for Landsat 8 sensors differs from calibration for previous Landsat
series. For calculation of TOA for OLI/TIRS images Equation 8 was used, where θ is solar zenith angle
(90 – solar elevation) and DN is a calibration value of a pixel.
The radiometric correction was done using Erdas Imagine Model Maker tool. In order to study
the vegetation and biomass cover three vegetation indices were applied in Erdas Imagine: NDVI
(simple intrinsic index), SAVI (soil adjusted index), MSAVI (modified SAVI, atmospherically
resistant). Using Reclassify tool in ArcGIS total area of all classes for each year were calculated in
hectares. The land cover trend is shown in Tables 11, 12 and 13.
For the study three different types of VIs were chosen which belong to three different classes
of indices, that can be classified into all existing indices: simple intrinsic indices (NDVI), soil adjusted
(SAVI, MSAVI) (Table 6). All operations were done in Erdas Imagine (see Annex 3). Classification
according to VIs values were applied using image analysis and literature review. The purpose of
estimating these three indices was to test various types of models to find out which type shows more
correct results and better correlation with cadaster data and what the extent of these relationships is.
Table 6.Vegetation indices
Name of
Formula

Type

Values

Author

index
NDVI

NIR-RED/NIR+RED

Simple intrinsic -1; +1

Rouse et
al.,1974

(1+L) (NIR-

SAVI

Soil tolerant

RED)/(NIR+RED+L)

1,5; +1,5(when

Huete,1988

L=0,5)

where L mostly equals 0,5
MSAVI

(2NIR+1-√(2NIR+1)2-

Soil tolerant,

8(NIR-R))/2

atmospherically

-1; +1

Qi et al, 1994;

resistant

3.4 STATISTICAL ANALYSIS
For statistical analysis correlation and linear regression analysis were accomplished using
Microsoft Excel software.
Correlation between remote sensing and cadaster inventory was done with an aim to find out
the extent of relationship between remote sensing and cadaster inventory.
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The correlation and regression analysis between field and remote sensing data was conducted
using Zonal Statistics as Mean in ArcGIS software. For this purpose, vector dataset of study area and
analyzed raster dataset were applied.
For regression analysis simple linear model was taken, where y is the dependent variable,
representing the pasture area calculated by Reclassify tool in ArcGIS 10.3 software.

3.5 SCENARIO ANALYSIS
Scenario, according to Oxford dictionary, is “postulated sequence or development of events”.
Another definition is “A plausible description of how the future may unfold based on 'if-then'
propositions” (Leemans, 2002). From the definitions given above, I may conclude that making a
scenario is a way to antedate the future with possible different developments. It is a decision-making
tool, which deals with uncertainties and shows the whole picture of the potential future.
Qualitative scenario analysis is useful ecosystem analysis tool that can be very helpful and
understandable for stakeholders. Foremost, it can induce governmental organizations to implement a
precautionary principle to avoid worth possible scenarios. Secondly, I also showed best optimistic
scenario for the study area, that can motivate government, local people and herders for implementing
tools to achieve it.
Scenario analysis is based on two major factors, which are likely to influence Bruchmullo
rangeland: anthropogenic and non-anthropogenic. Non-anthropogenic factors include climatic
variations in a region (temperature and precipitation), while anthropogenic is referred to sustainable or
unsustainable livestock management.
3.6 STUDY AREA
Bruchmullo forestry within Ugam Chatkal is situated on the territory of Bostanlik district,
Tashkent region, the major territory of which the forestry covers, belongs to subtropical climatic zone
of Northern Hemisphere. The major element of continental subtropical climate of the northern
hemisphere- the prevalence of dry clear weather during the summer with an average temperature of 25
C, not stable weather during winter with high precipitation rate and drastic temperature change.
Duration of vegetation period is 210-230 days. In physico-geographical terms, the location of
the forestry is included in the mountain system. Mean annual precipitation varies from 700mm to 900
mm. Mean temperature during winter is between -9 and -6 and during summer it varies from +12 to
+22. Altitude varies from 900m to 400 meters.
The total territory of the forestry is 352,406 hectares. It consists of 11 sub-forestries, which are
divided into 185 quarters. Only 7 sub-forestries and 117 quarters with a total area more than 190
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thousand hectares were analyzed, because only this information was obtained from the Main Forestry
Department during the internship conducted in 2017 in the framework of this Master’s degree course.

Figure 1. Study area: Bruchmullo forestry (7 sub-forestry’s) (Source: Main Forestry Department)
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CHAPTER 4. RESULTS
4.1 ANALYSIS OF CADASTER DATA
According to the latest inventory data from 2008, numbers, generally 111915 hectares of lands
of Bruchmullo can be classified as pastures, which is approximately 31.7 % of total area of forestry.
According to Forestry Department census in the period from 1986 to 2008, the territory of pastures in
Bruchmullo forestry almost doubled: from 54337 to 111915 hectares. This, foremost, is due to the
doubling of the administrative territory of the forestry: from 184,996 ha in 1986 to 352,406 hectares in
2008.
Areas colored in black/grey do not have pasture plots at all or do not have enough information
to calculate the carrying capacity.
They are represented within the sub-forestry in the following way in Table 7:
Table 7. The sub-forestry’s and pasture areas’ data obtained from the Main Forestry Department
(the author’s study areas)
Name of sub-forestry

Territory (ha)

Quarters

Territory of
pastures (ha)

Percent of
pastures
lands in
sub-forestry
0.33

Агайинг (Agaying)

107416

1-12

35337

Карангитугай (Karangitugay)

30084

13-22

9872

0.33

Пскем (Pskem)

19435

23-31

8737

0.45

Абдурахмон (Abdurahmon)

17706

32-40

6722

0.38

Сиджак (Sidjak)

35618

41-70

10157

0.29

Бричмулла (Brichmulla)

38296

71-90

8700

0.25

Чаткал (Chatkal)

15448

91-102

3915

0.23

Акбулак (Akbulak)

30922

103-115

9253

0.30

Саргардон (Sargardon)

40576

116-135

17123

0.42

Джуранбау (Djuranbau)

7853

136-147

902

0.11

Ходжикент (Hodjikent)

9052

148-185

1174

0.13

Each sub-forestry is divided into quarters. Quarters are largest units of each sub-forestry. The
territory of quarters averages few thousands of hectares. Every quarter has its own taxonomy. In their
turn quarters are divided into plots. Plots are the minimum unit of sub-forestry and forestry in general.
Plots can be small (few hectares) and huge (hundreds of hectares). Some quarters do not have pasture
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plots and some do not have sufficient cadaster data. These areas are colored in black/grey color in the
map.
Regarding the estimation of carrying capacity rate of pastures the Formula 1, which was
mentioned in methodology part, was applied. For coefficient of use (utilization rate) 60 % of biomass
was used in order to get more ecologically sustainable and less harmful for pasture ecosystems percent
of use (the average CU in Uzbekistan is 60-70 % for mountain pastures and 50 % in desert pastures).
For animal unit equivalent tropical livestock unit was used, which according to FAO formulation
equals to 250 kg weight cow with average forage intake of 6.25 kg of dry matter (De Leeuw and Tothill,
1991).
The dry matter loss is the loss of biomass due to drying of green harvested biomass in oven
within 24-48 hours at temperature of 50-60 C⁰. Various sources state different biomass loss due to
drying- from 10 percent to 30 percent. Exact number could be obtained from laboratory analysis,
though it is difficult to undertake the fieldwork on the whole pasture area of the forestry, so the average
15% loss was considered by surveying 3 different experts (see Annex 4).
Regarding the aboveground biomass of pastures, Forestry Department often does not give the
exact biomass for pasture plots. Despite that, it mentions the diapason of average biomass for each plot
(for example: 400-500 kg per hectare for a pasture plot). Foremost, for each pasture plot average AGB
was taken using diapason range (for instance, for 400-500 kg data 450 kg was taken as average
biomass). First total biomass of pastures was estimated for each plot and quarter using the formula
mentioned in methodology part. Afterwards, general total biomass of pastures for each sub-forestry
were estimated.
The carrying capacity and ecologically sustainable stocking rate were calculated using
equations x, y, z (Table 8).
There is some mismatch between total pasture area taken from the Main Forestry Department
and calculated by the author. Especially, it is clear in Pskem sub-forestry (difference is almost 900
hectares), Abdurahman (800 hectares), Bruchmullo (difference is 650 hectares) and Akbulak
(difference is about 1500 hectares).
Table 8. Sub-forestry calculated cadaster data
Sub-forestry

Карангитугай
(Karangitugay)
Пскем (Pskem)
Абдурахмон
(Abdurahmon)
Сиджак (Sidjak)

Total calculated
pasture areas
(hectares)

ESSR (AUM per
hectare)

Total biomass of
pastures (kg)

9800

Calculated
carrying capacity
of pastures
(AUM)
11877

1,21

6628000

7854
5973

6521
7000

0,83
1,17

3639000
4000000

10118

9682

0,95

5407000
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Бричмулла
(Brichmulla)
Чаткал
(Chatkal)
Акбулак
(Akbulak)
Total

9350

7867

0,84

4380000

3915

4783

1,22

2669000

7764

4481

0,57

2489000

54745

52200

1

29212000

Among the seven sub-forestries Sidjak, Karangitugay and Bruchmulla show the highest values
of pasture areas, while Chatkal sub-forestry has the smallest pasture area (3915 hectares). Total pasture
area equals to 54745 hectares.
Total pasture biomass is also another estimated concept, it was calculated simply by multiplying
the area to biomass. According to Table 8, highest biomass for pasture areas is observed in
Karangitugay and Sidjak rangelands and lowest TPB is in Chatkal and Akbulak.
According to the calculated carrying capacity using the formula mentioned in the methodology
part, highest CC number is observed in Karangitugay rangeland, which can support 11877 AUM’s. It
means that this sub-forestry can support almost 12 thousand cows without calves on a sustainable
basis per month. If the number of cows exceed this amount, overgrazing occurs. Lowest CC numbers
have Chatkal and Akbulak rangelands (4783 and 4481 AUM respectively). The total CC value for the
whole territory consisted 52200 AUM’s. Therefore, according to author’s estimations, it is not
recommended to surpass this number of livestock to avoid overgrazing.
ESSR concept is similar to the carrying capacity, except that it measures the maximum animal
unit per month per one hectare or an average area for one animal unit. In this research author used first
method. According to these estimations, Karangitugay and Chatkal rangelands have highest ESSR and
Akbulak rangeland (sub-forestry) has the lowest.
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According to Figure 2, highest aboveground biomass is
to be found in northern parts of the forestry and the
lowest biomass is in central and south-eastern parts. The
lowest AGB for pasture in the study area equals to 290
kg per hectare and the highest value is 1000 kg per
hectare (high productive pastures).

Figure 2. Average AGB (kg)

According to Figure 3, the highest carrying capacity
values are located also in northern part of the study area
(1491-2041 AUM), while central and southern parts
have low capacities (12-392 and 413-824 AUMS).
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Figure 3. Carrying capacity (AUM’s)
Figure 4 represents the average ecologically sustainable
stocking rate for pasture areas represented in AUM per
hectare. As it can be seen from the map, the highest values
of ESSR are observed also in northern parts of the study
area, as carrying capacity and aboveground biomass. The
minimum values for ESSR is 0.5 AUM/hectare (central
and south-eastern regions) and maximum is 1.8 AUM/
hectare (northern and southern regions close to water).
The maps for total pasture biomass and pasture areas
within a quarter can be seen in Annex 3 (Map 4 and Map
5).

Figure 4. ESSR (AUM per ha)
4.2. ANALYSIS OF REMOTE SENSING DATA
Using several literature sources that made a research combining field work and remote sensing
data analysis with these VI (Masselink,2016; Huete, 1989; Qi et al, 1994; Bratkov and Ataev, 2017;
gis-lab.ru) following classification values for NDVI and their equivalent values for SAVI and MSAVI
were used (Table 9):
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Table 9. VI classification values
Land cover

NDVI

SAVI

MSAVI

Water or
glaciers

-#-0

-#-0

-#-0

Bare soil

0-0,3

0-0,25

0-0,25

Shrub lands

0,3-0,4

0,25-0,35

0,25-0,35

Woodlands,
grasslands

0,4-0,6

0,35-0,5

0,35-0,52

Forests

>0,6

>0,5

>0,52

For NDVI index following results were obtained for years 2009, 2010, 2013,2016:
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Figure 5. NDVI land cover classification 2009-2016

Table 10. NDVI land-cover classes in hectares
2009

2010

2013

2016

Water or glaciers

29725

23842

52273

39150

Bare soil, rocks and mountains

75060

68241

58888

46796

Shrublands

18513

22697

17925

19013

Woodlands, grasslands

42062

48118

35786

46182

Forests

30343

32825

30838

44576

NDVI land cover classes in ha by years
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NDVI for Bruchmullo 2009-2016
80000
70000
60000
50000
40000
30000
20000
10000
0
NDVI09

NDVI2010

NDVI2013

Water ot glaciers

Bare soil, rocks, mountains

Grasslands, woodlands

Forests

NDVI2016
Shrublands

Figure 6. NDVI classification of land cover
According to Figure 6, NDVI classification shows, that the land area, covered by bare soil,
rocks and mountainous landscapes has the highest rate within the whole study period. However,
according to the graph, soil cover has a tendency to decline: if during 2009 it covered 75K hectares, in
2013 and 2016 it constituted 59K and 46K hectares respectively. The land, covered by glaciers and
water fluctuated during 7 years: in 2009 it made up 30K hectares (15 %), in 2010 it dropped to 25K
and then sharply raised to 52K hectares in 2013 and reduced to 39K after three years. This can be due
to fluctuations in temperature and precipitation rates. Grasslands and woodlands, as well as shrublands,
where livestock hypothetically grazes, has fluctuations during the study period. Generally, these both
land-cover types combined made up 70K hectares and 65K hectares in 2009 and 2016 respectively.
If we consider grasslands, woodlands and shrublands as possible grazing areas, then in this case,
according to NDVI index, pasture areas increased from 60K hectares in 2009 to 65K (+5K) hectares
in 2016.
For SAVI index following results(Table 11) were obtained for same years:
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Table 11. SAVI land-cover classes in hectares
SAVI land cover classes in ha by years
Water or glaciers
Bare soil, rocks and mountains

2009
27848
95565

2010
22379
93279

2013
53849
73854

2016
39694
60554

Shrublands
Woodlands, grasslands

29844
33398

35244
36244

25902
29571

31280
42836

Forests

8063

8571

12541

21355

04/06/2009

07/06/2010

14/05/2013

22/05/2016
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Figure 7. SAVI classification 2009-2016
Using Reclassify tool in ArcGIS, total area of all classes for each year were calculated in hectares.
The land cover change tendency is shown in Figure 8:
SAVI trend Bruchmullo 2009-2016
120000

100000

80000

60000

40000

20000

0
SAVI2009

SAVI2010

SAVI2013

Water or glaciers

Bare soil, rocks, mountains

Grasslands, woodlands

Forests

SAVI2016
Shrublands

Figure 8. SAVI land cover classification
According to Figure 8, SAVI shows the same trend patterns, as NDVI. However, SAVI is more
sensitive to soil, rocks and mountain land cover, than NDVI. In 2009 the bare soil cover for study area
made up 95K hectares, compared to 75K hectares according to NDVI classification. At the end of the
study period bare soil cover ended up with 60K hectares (+15 K hectares comparing with NDVI). At
the same time, water and glaciers cover for SAVI shows almost the same values as NDVI and fluctuates
over time and ended with 40K hectares in 2016. Moreover, SAVI tends to show higher shrubland area,
rather than previous index. This landscape stays stable within 7 years being around 30K hectares.
Almost same trend changes show grasslands and woodlands land cover, ending higher than shrub lands
in 2016. While forest cover shows much smaller area, than NDVI classification: 8000 hectares in 2009
for SAVI comparing with 30K hectares for NDVI and 21K in 2016 for SAVI and 44.5K for NDVI.
Pasture areas (shrublands, grasslands and woodlands) of study area, according to SAVI
classification, increased from 63K hectares in 2009 to 74K hectares (+11K) in 2016.
For MSAVI index following results for same years were obtained:
Table 12. MSAVI land-cover classes in hectares
MSAVI land cover classes in ha by years

2009
40

2010

2013

2016

Water or glaciers
Bare soil, rocks and mountains
Shrublands

25341
107284
27573

22457
102970
32203

53769
80654
24096

39566
67555
30793

Woodlands, grasslands
Forests

29713
5810

31903
6190

27106
10097

40209
17600

Figure 9. MSAVI classification 2009-2016
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Using Reclassify tool in ArcGIS total area of all classes for each year were calculated in
hectares. The land cover tend is shown in Figure 10:
MSAVI trend 2009-2016
120000
100000
80000
60000
40000
20000
0
MSAVI2009

MSAVI2010

MSAVI2013

Water or glaciers

Bare soil, rocks and mountains

Shrublands

Grasslands, woodlands

MSAVI2016

Forests

Figure 10. MSAVI land cover classification
According to Figure 10, MSAVI index is more sensitive to soil, rocks and mountainous land
cover, rather than forest areas. Second class of land surface shows the highest area within the whole
period, although it tends to decline. If in 2009, according to MSAVI classification, the land area
covered by soils, rocks and mountains was more than 107K hectares (54 % of total study area), after 4
years it dropped to 80K hectares (-27K). At the same time the area covered with water and glaciers
raised to almost 53K hectares in 2013 compared to 25K hectares in 2009. During the next three years
both glaciers and soil cover have a tendency to reduce to 70K (-10K hectares) and 40K (-13Khectares)
respectively. The area, exempted from glaciers and bare soil was covered by shrub lands, grasslands,
woodlands and forest ecoregions in the period from 2013 to 2016.
If we assume that pasture areas belong to shurblands, grasslands and woodlands class types on
a satellite image, then one can conclude that from the period 2009 till 2016 total pasture area in the
study area enlarged from 57K hectares to 70K (+13 K) hectares according to MSAVI classification.

4.3 STATISTICAL ANALYSIS
Correlation and linear regression were applied in order to analyze the relationships between
filed measurements.
Carrying capacity also has low correlation coefficient and coefficient of determination with
NDVI mean (R2=0.36, R2=0.129). Carrying capacity also tends to decrease with the rise of NDVI
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mean. NDVI and AGB shows almost zero correlation and coefficient of determination (R=0.21,
R2=0.045). In this case, with the increase of biomass the NDVI mean also tend to increase.
SAVI index has slightly higher correlation with cadaster information compared to NDVI (R=0.36, R2=0.1314). As well as NDVI, SAVI has a tendency to rise with the fall of total pasture biomass.
This can be due to high forest coverage on areas with low pasture (Annex 5, Scatterplots 4,5 6).
Carrying capacity has the same extent of relationship with SAVI values, as total pasture biomass, as it
has high correlation with it.
According to Scatterplot 7 (Annex 5) MSAVI index has a tendency to reduce with the rise of
total pasture biomass. However, the correlation between these two variables are low, downward trend
can be seen from the graph. The reason for this behavior is simple: the areas covered with shurblands,
grasslands and bare soil have relatively low or no forest areas, while high MSAVI values represent
high-density vegetation and low areas of other classes.

Correlation between NDVI09 and cadaster pasture
areas
3000
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1000

y = 0,2835x + 356,63
R² = 0,373

500
0
0

1000

2000

3000

4000

5000

6000

7000

8000

Scatterplot 1. Correlation between NDVI estimated pasture areas and cadaster data
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Figure 11. NDVI09 classification pasture
areas (shrublands, woodlands and
grasslands) 2009 for forestry quarters

Figure 12. SAVI classification pasture areas (shrublands, woodlands and grasslands) for 2009 for
forestry quarters
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Correlation between SAVI09 and cadaster pasture areas
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Scatterplot 2. Correlation between SAVI estimated pasture areas and cadaster data

Correlation pasture areas(ha) MSAVI09 and cadaster data
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Scatterplot 3. Correlation between MSAVI estimated pasture areas and cadaster data
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Figure 13. MSAVI classification pasture areas (shrublands, woodlands and grasslands) for 2009 for
forestry quarters
Final step was the calculation of relationship between estimated pasture areas for quarters 13117 of the author’s remote sensing analysis and cadaster inventory by UzGeodezCadastre. For this
purpose, shurblands, woodlands and grasslands class types from NDVI, SAVI and MSAVI were cut
(as one “pasture” class of object) and correlated with pasture areas that were estimated by cadaster
inventory (Scatterplots 1,2,3). For this goal, zonal statistics tool was applied, where unit of zone is a
quarter of a forestry.
Among three indices MSAVI shows highest correlation (R2=0.39) with cadaster data than SAVI
(R2=0.38), and NDVI (R2=0.37). The difference between total pasture areas between satellite and
cadaster data are the following for VI’s: NDVI- 3.9K hectares, SAVI- 3.5K hectares, MSAVI- 3.7 K
hectares.
4.4. SCENARIO ANALYSIS
For visual analysis and presentation of possible scenarios, several indicators representing
various sectors were taken:
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1. Livestock number – the total livestock number grazing on a study area within a grazing
period (from local herders and herders coming from other regions);
2. Environment – this is a complex indicator, mainly showing the ecosystem services,
provided by Bruchmullo forestry;
3. Biodiversity – though this indicator could be included into environment, it was decided to
put it as a separate indicator;
4. Economy – in Uzbekistan livestock is a main source of income for many families.
Historically livestock actives often symbolized prosperity and wealth. Many local people
in the study area have their own livestock, which they graze on close pasture areas;
5. Social conflicts – pasture areas are historically the main source of income and shared
resource for pastoralists.
For taking axes for plausible scenarios two factors - anthropogenic and non-anthropogenic
indicators - were taken into account as two major causes of land-cover change. For non-anthropogenic
factors temperature and precipitation was considered as two indicators that directly influence the
biomass, and hence rangeland health and productivity. Another factor which influences rangelands is
anthropogenic, such as grazing intensity.
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Degradation due
to overgrazing

Green land

Brown land

Degradation due
to climate
change

Figure 14. Diagram of four possible scenarios

Scenario 1. Green land
This is the best possible scenario among all four proposed scenarios. Green land, as it is clear
from the name, implies ecosystem rehabilitation and sharp increase of biomass cover on a forestry area.
This can happen with the attendance of two main reasons: climatic and sustainable pasture
management. Climatic factors firstly include annual precipitation rate, which is the major factor of
biomass health and amount, and the moderate temperature level during the hot seasons (summer and
spring).
Sustainable pasture management should imply the seasonal monitoring of pasture areas with
remote sensing and field measurements. By combining satellite and land data, measurements of
seasonal carrying capacity and ecologically sustainable stocking rate can be estimated, also using
access factor and percent of palatable species. Nevertheless, the allowable grazing livestock number
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for greening the ecosystem should be much less than maximum carrying capacity, so degraded pasture
areas could rehabilitate. Besides this, government should take strict measures to protect forest areas
from illegal cutting and buring. Protection of forests and pastures will bring about positive trends on
regulating ecosystem services like water purification, erosion prevention, air filtration, flood control
and etc.

Scenario 2. Degradation due to overgrazing
According to this scenario, degradation of ecosystems can happen due to unsystematic grazing
of livestock that exceeds its carrying capacity. Degradation can be mitigated by high precipitation rates
and moderate temperature. However, too large amount of livestock and too long grazing periods will
have several implications. Foremost, livestock tends to graze in areas close to wetlands and rivers.
Consequently, the coastal areas will be significantly overgrazed and degraded compared to high
altitude pastures. Moreover, livestock mostly prefers some more palatable species among others for
grazing. Some plant species are like candies for cows, ships and goats, while others like broccoli to
children. In this case, this will lead to extinction of one species and biodiversity reduction.
Unsystematic and unmanaged grazing and subsequent land degradation will increase conflict
frequencies in the society. Local population will blame “visitor herders” for overgrazing. Some
families that depend on livestock will have to change the occupation or migrate to big cities due to
possible financial implications.

Scenario 3. Brown land
This is the worst possible scenario of all four existing. Theme 3 can occur in combination of
two factors: unsystematic grazing exceeding carrying capacity and climatic factors: low precipitation
and high temperature rates. According to this scenario, the land cover of the study area will
significantly lose its vegetation cover and cause massive land degradation. All ecosystem functions
will be significantly damaged. Due to vegetation loss, plant ecosystem will lose its ability to sequester
carbon and, hence, increased release of carbon into the atmosphere will lead to microclimate change.
Many wild animals will lose their forage and habitats. Due to ecosystem service damage and financial
income reduction for local people, social conflicts and economic problems will increase.

Scenario 4. Degradation due to climate change
This scenario also gives pessimistic prediction. As it can be seen from the Figure 1, this will
happen because of low precipitation and high temperature rates, but not due to overgrazing. This will
have several implications in various directions: livestock amount will decrease because of pasture
degradation and decline in forage amount. Reduction of livestock or its weight lost will influence
financial statuses of local herders and people, who come to Bruchmullo to graze their livestock on
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pasture areas. Land degradation, including forest area decline, pasture degradation, reduction of water
and glaciers’ areas and fertility loss will damage all ecosystem services: water regulation, flood and
erosion prevention, habitat conservation for wild animals, aesthetic and cultural values. The rangeland
deterioration will rise the social conflicts in society: local population will blame the incoming herders
and government for environmental problems not knowing the real reason of their problems. Decline of
vegetation cover and forest areas can cause floods that can damage local settlements. Many local
people will have to move to other regions or to the city for better sake.
Table 13. Scenario assumption through time
Scenario

Livestock

Environment Biodiversity

Green land
Brown land
Degradation due
to overgrazing
Degradation due
to climate
change
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Economy

Social
conflicts

CHAPTER 5. DISCUSSIONS
This part of my thesis highlights uncertainties in outcomes. In the second part validity and
weakness of the methodology are discussed. Last part compares my research with other authors’
studies.
Different authors use various equations to estimate the carrying capacity. In this research work
two of the formulas are mentioned in the second chapter. My decision to use EQ1 was based on authors
(Quinn and Hervey, 1969; de Leeuw and Tothill, 1990) who refer biomass loss to trampling, urinating
and fouling as an important indicator, which influences the adjustment of the carrying capacity.
Application of other equations will give other animal units. Still, there is no perfect equation for
calculation of CC, my equation is more comprehensive compared to the one suggested by the Research
Institute of Karakul and Deserts, Uzbekistan. Percent of biomass loss is also based on literature review,
rather than direct assessments. My decision to take 15% value was justified for sustainability insurance.
Regarding the validity and weakness of the methodology, some contemplations should be
clarified. The aim of my thesis was not to create a perfect estimation model, but to find the potential
of remote sensing for rangeland monitoring and to estimate the value and extent of relationship between
satellite and cadaster data. Classification of images based on literature sources can be criticized for its
validity. The reason for this is selection of values of land-cover classes using other authors’ researches,
but not conducting own field work. Although, the general temporal trend for study area is similar for
all three indices, areas of classes differ and no one can know for sure which index better approximates
land surface without field verifications. My decision not to conduct field experiments was based on
many reasons (time and financial constraints, absence of laboratory facilities, high altitudes of pastures
within the selected study areas).
Comparing my research results with other authors’ replications the conclusion of previous
authors (Masselink(,2016); Bratkov and Atatev, (2017); Qi et al, (1994) ) – SAVI and MSAVI better
correlates with field measurements than NDVI. Finally, yet importantly, slope and distance to water
factors should not be ignored to estimate of adjusted carrying capacity. According to George and Lile
(2009), slope and distance to water significantly reduces grazing capacity of pastures, making some
areas unavailable. Although, DEM is publicly available, however, the exact spatial locations of pasture
plots are difficult to identify so I could not use slope factor to adjust CC. Same concerns the distance
to water from grazing areas. However, slope factor mostly refers to cows, rather than to sheep and
goats, that easily can reach areas with high slope angle due to their bodyweight and shape.
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CHAPTER 6. CONCLUSIONS
RQ1 aims to estimate three pasture indicators, which are not included into cadaster inventory:
total pasture biomass, ecologically sustainable stocking rate and carrying capacity. Results are based
on cadaster inventory conducted by Bruchmullo forestry. According to estimates, total pasture biomass
for the whole study area made up 29K tons, spatially varying from 3 tons to 1100 tons for a quarter.
Total carrying capacity of pastures equals to 52.8 K tropical livestock units per month, spatially varying
from 12 TLU to 2040 TLU. For sustainability insurance, I would recommend to Bruchmullo forestry
department to take 10-15 % less animal units for sustainability insurance. Average ESSR for the whole
area equals to 1 TLU, spatially distributed from 0.5 TLU per hectare in southern areas to 1.8 TLU per
hectare on the northern part of the research area. To visually illustrate results, 5 vector maps were
generated in ArcGIS. As a recommendation to governmental organizations, which are responsible for
monitoring of pastures, to include these three indicators in further cadaster inventory.
RQ2 aims to make comparison between three vegetation indices (NDVI, SAVI, and MSAVI)
to study their potential for pasture monitoring. Temporal period of study varied from 2009 to 2016.
Classification of satellite maps according to VI values made it clear that there is a certain degradation
trend in Bruchmullo forestry from 2009 to 2013, which is followed by rehabilitation of vegetation
cover. NDVI tends to show higher forest areas and less bare soil, compared to SAVI and MSAVI.
Regarding the assumed grazing areas (shrublands, grasslands, woodlands), SAVI and MSAVI
classification represent results relatively close to each other with minor differences in areas, compared
to NDVI. Nevertheless, all three indices show the same temporal trend: grazing areas have a drift to
increase during the study period.
Statistical analysis (RQ3) helped to find correlation between remote sensing and cadaster
information. My analysis shows that MSAVI better correlates with cadaster data (R2 MSAVI=0.39) rather
than SAVI (R2SAVI=0.38) and NDVI (R2NDVI=0.37). Based on these results and several other criteria
(like sensitivity to soil and resistance to atmospheric influence), I suggest taking MSAVI as the best
indices for pasture monitoring. However, in further research I will recommend testing more indices to
explore the value of relationship between them and the field measurements.
Last research question (RQ4) aims to make scenario analysis, based on remote sensing to
describe possible future scenario tracks on a study area. According to literature review, I assume that
two major factors, which are likely to influence Bruchmullo pastures can be divided into two basic
definitions: anthropogenic (livestock management) and non-anthropogenic (temperature and
precipitation). According to variations of these factors, I assume four plausible future situations can
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reveal. From optimistic (Brown land), involving favorable climatic circumstances and sustainable
livestock management and worst pessimistic (Brown land) under opposite conditions. To recapitulate,
I suggest that the government introduces ‘take half, leave half’ for herders rule.
To conclude, the spatio-temporal analysis of the Bruchmullo forestry showed significant spatial
dispersion of grazing capacity of pastures and temporal fluctuations of land-cover from 2009 to 2016.
Like in many developed countries, I would recommend governmental organizations to combine fieldbased (cadaster) and remote sensing approaches for sustainability of results.

53

References
Alberta Sustainable Resource Development, 2010. Methodology for calculating carrying and
grazing capacity on public rangelands.
Anaya J.A., Chuvieco E.,Palacious-Orueta A., 2009. Aboveground biomass assessment in
Colombia:A remote sensing approach.. Forest ecology and management 257,1237-1246
Attaeian B.. 2016. Estimation of aboveground biomass carbon sequestration potential in the
rangelands ecosystems of Iran .Ecopersia,4(1), 1283-1294
ATTRA, 2006. Pasture: Sustainable management
Azarnivand H., Farajollahi A., Bandak E., Pouzesh H. 2011, Vol.1. Assessment of the effect of
overgrazing on the soil physical characteristics and vegetation cover changes in Rangelands
of Hosainabad in Kurdistan province, Iran.Journal of Rangeland science,Vol.1,No.2
Baxter J..2014. Vegetation quadrat sampling method .Dept. of Biological Sciences
Bensitova G.R., Beshko N.Yu., Nuridjanov D.A.,2014. Ecologic-economic characteristics of
Ugam Chatkal national park
Bratkov V.V., Ataev Z.V., 2017. Vegetation indices and their uses for cartography of mountain
landscapes of Russian Caucasus.
Bedru S. M..2006. Remote sensing and GIS for Land Cover/Land use change detection and
analysis in the semi- natural ecosystems and agricultural landscapes of the central Ethiopian
Rift valley .University of Dresden
Behnke.R.. Springer. The socio-economic causes and consequencesof desertification in Central
Asia
Bizuwerk A., Taddese G., Gehatum Y.,2010. Application of GIS for Modelling Soil loss rate in
Awash River Basin, Ethiopia
Bratkov V.V., Ataev Z.V.,2017. Vegetation indexes and their use for mapping mountainous
landscapes of the Russian Caucasus. APRIORI. Серия: Естественные и технические науки,
СМИ Эл № ФС 77-55506 | ISSN 2309-916X | РИНЦ
Clements B., Ayres L., Langford C., Mc Garva L., Simpsons P., Hennessy G., Keys, B M..
Upjohn, F. Leech. 2003. The Graziers Guide to Pastures. NSW Agriculture.
De Leeuw P N , Tothill J C, 1990. The concept of rangeland carrying capacity in subsaharian Africa – myth or reality
Dekker B., Kirkman KP, and SI du Plessis., 2001,. Use of the dry-weight-rank method of
botanical analysis in semi-arid savanna communities. African Journal of Range & Forage
Science 18: 63–66.
Derner J.D., Schuman G.E. Carbon sequestration in rangelands: a synthesis of land
management and precipitation effects
Du M., Kawashima Sh., Yinemura S., Zhang X., Chen Sh.,2004. Mutual influence between
human activities and climate change in the Tibetean Plateu during recent
years.Elsevier,Amsterdam
Dubovyk O.,2013. Multi scale targeting of land degradation in Uzbekistan using remote
sensing. Bonn University
Elgah A.M.H, Abubaker A., Elsheikh A.R. 2014. Desertification assessment, using Remote
Sensing, GIS and other techniques. Case study:Wadi Al Kanger,Sudan. University of Bahri,
Sudan
Environmental and ResourcesStudies Program and Department of Geography. A Modelling
framework for addressingthe synergies between Global Conventions through land use Changes.
Trent University, 2007.
FAO, 2003. Compendium of Agricultural –Environmental indicators
54

FAO, 2006. Country Pasture/Forage Resource profiles
Feeny D., Berkes F., McCay B.J, Acheson J.M., 1990. Tragedy of the commons: Twenty two
years later.Human Ecology, Vol. 18, No. 1.
Flombaum P., Sala O.E., 2007. A non-destructive and rapid method to estimate biomass and
aboveground net primary production in arid environments. Ecology and evolutionary biology,
Brown University. Journal of Arid Environments 69 352-358
Gaitan J., Oliva G., Buono G., Maestra F.T, 2017. Aridity and overgrazing have convergent
effects on ecosystem structure and functioning in Patagonian rangelands
Gerish J... Conducting pasture inventory. . American grazing service LLC
Ghorbani A.,Mossivand A.M and Ouri A.E., 2012 .Utility of the Normalised Difference
Vegetation Index (NDVI) for land/canopy cover mapping in Khalkhal County (Iran). Annals of
Biological Research, 3 (12):5494-5503. Department of Range and Watershed Management;
University of Mohaghegh Ardabili, Ardabil,P.O. Box 179, Iran.
Gu Zh., Shi P., Jin Chen. Estimation of rangeland degradation based on historical maximum
growth model using with remote sensing data
Halbrook. J.A., Tudor G.J., 1993. The use of Remote Sensing and GIS methods for mapping
Land Cover Change in Scotland .Vol.2, No.3.
Hardin G., 1968. Tragedy of the commons Science, New Series, Vol. 162, No. 3859, pp. 12431248
Hocking D., Mattick A.. Dynamic carrying capacity as tool for conceptualizing and planning
range management improvements, with a case study from India.
Hussain F., Jan Durrani M., 2009. Seasonal availability, palatability and animal preferences of
forage plants in Harboi arid rangeland, Kalat,Pakistan.
Huete A.R..1988.A Soil-Adjusted Vegetation Index (SAVI). REMOTE SENSING OF
ENVIRONMENT 25:295-309
Qi J., A. Chehbouni, A. R. Huete, Y. H. Kerr, S. Sorooshian,1994. A Modified Soil Adjusted
Vegetation Index. REMOTE SENS. ENVIRON. 48:119-126
Jarvis L. S., 1991. Overgrazing and range degradation in Africa: The Need and the scope for
Government Control of Livestock numbers
Jiangwen Fan, Huaping Zhong, Warwick Harris, Guirui Yu, Shaoqiang Wang, Zhongmin Hu,
Yanzhen Yue. Springer Science,2007. Carbon storage in the grasslands of China based on
field measurements of above and below ground biomass
Kairis O., Kosmas C., Karavitis Ch., Ritsema C., Salvati L.. 2013. Evaluation and selection of
indicators for land degradation and desertification monitoring: types of degradation, causes,
implications for management, Business Media New York.
Kawamura K., Akiyama T., 2010. Simultaneous Monitoring of Livestock Distribution and
Desertification .Hiroshima University, Global Environmental Research,
Kawamura K., Akiyama T., 2010. Simultaneous monitoring of livestock distribution and
desertification . Global environmental research.
Khan M., Hussein F..2012. Palatability and animal preferences of plants in Tehsil Takhte-eNasrati,District Karak, Pakistan. Department of botany, University of Peshawar, Pakistan.
Kheiry M. A., M. T. Elsheikh, Mofadel H. I.. N.d.Applying Remote Sensing tools for assessing
desertification process within the agrosivopastoral system, North Kordofan-Sudan
Kumpula T., Colpaert A., Qiang W., Mandersheid A.., 2002. Remote sensing in inventory of
high altitude pastures of the eastern Tibetean Plateu .University of Oulu
L.Czegerdi,A, 2005. Overutilization of pastures by livestock. Radacsi. University of Debrecen
Land code of the Republic of Uzbekistan.2011. Tashkent, Adolat
Lavorel S., McIntyre G, Williams N., Garden D., Dorrough Sandra J.,B.,Quetier F.,Aurielle
Thebolt, Anne Bonis. 2008. Assessing functional diversity in the field –methodology matters
.Functional ecology, 22
55

Leendert Mannetje. Global issues of Rangeland management Department of plant sciences,
Wageningen University.
Leemans R., Doll P.,Petschel-Held G.,2002. Scale issues in scenario development. Center for
Environmental Systems Research, University of Kassel
Long Y., Li Z., Liu Wei and Zhou Hua-Kun., 2010. Using Remote Sensing and GIS
Technologies to Estimate Grass Yield and Livestock Carrying Capacity of Alpine Grasslands
in Golog Prefecture, China. Pedosphere 20(3): 342 ISSN 1002-0160/CN 32-1315/P
Markus M.H., 2011. The impact of overgrazing on desertification .Wageningen University.
Masselink L., 2016. Investigating remote-sensed based estimations of ecological pasture
conditions in Kara-Usturt watershed. Wageningen University.
Masselink L. ,2014. Detecting Vegetation Trends from NDVI trend analyses in Syrdarya
Province, Uzbekistan. Wageningen University
MC.Roe E., 1996. Viewpoint: On rangeland carrying capacity .Range Manage.
Mehan M., Sedivec K.. K., J.Printz, Bramer F.. Determining Carrying Capacity and Stocking
Rates for Range and Pasture in North Dakota
Melvin George and David Lile. N.D.. Stocking rate and Carrying capacity.
Minguyang Du,Seiichiro Yonemura,Xianzhou Zhang, Yongtao He, Jingshi Lui.2012.Climatic
warming due to overgrazing in the Tibbetean Plateu. . Journal Arid Land studies.
Mitchell J. E.. 2010. Criteria and indicators of sustainable rangeland management .University
of Wyoming and Society for Range Management.
Mulonda O.. Estimation of biomass production in the rangelands of the Caprivi region.
Myagramartseren P., Overgrazing impact assessment in Arid Steppe .Department of Mongolia.
Mysterud A., 2006. The concepts of overgrazing and its role in management of large
herbivores .Wildlife biology,
Neuteboom J. H., Lantinaga E.A., Struik P.C. 1998. Evaluation of the dry weight rank method
for botanical analysis of grassland by means of simulation. Netherlands Journal of Agricultural
Science.
Nishanov N., 2014. Regional economic cooperation in Central Asia: agricultural production
and trade. Sustainable livestock management under changing climate in Central Asia
Nkoya E. , Mirzabaev A., Joachim von Braun.,2016. Effect of reinder of overgrazing on
vegetation and animals of tundra ecosystems of the Yamal peninsula-27. D.D. Yavasli. Aegan
Geographical Journal. 2012. Recent approaches in above ground biomass estimation methods
.Springer Cham Heidelberg
Numata I., Dar A. Roberts, Chadwick O. A., Schimel J. P., Galvao L.S., Soares J.V.. 2008.
Evaluation of hyper spectral data for pasture estimate in the Brazillian Amazon using field
and imaging spectrometers .Remote Sensing of Environments.
Ochego H., 2003. Application of remote sensing in deforestation monitoring: a case study of
the Aberdares(Kenya). 2nd FIG Regional Conference,Marakesh, Marocco,
Omuto C.T., Z.Balint, M.S.Alim., 2010. A framework for national assessment of land
degradation in the drylands: a case study in Somalia. Department of environment and
biosystems engineering, University Nayrobi
Paruelo J.M., Laurenroth W.K., Roset P.A., 2000. Estimating aboveground plant biomass using
a photo-graphic technique. Journal of range management.
Quinn J.A., Hervey D.F.. 1969. Trampling losses and travel by cattle by sandhills range
Rajabov T.,2009. Ecological assessment of spatio-temporal changes of vegetation in response
to pioshere effects in semi-arid rangelands of Uzbekistan., Complex research institute of
regional problems of Samarkand Division of Academy of Sciences of Uzbekistan. Land
Restoration Training Progr

56

Redjadj C., Duparc A., Lavorel S., Grigulis K., Bonenfant C., Maillard D., Said,A.Loison S..
Alp Botany,Springer. Estimating herbaceous plant biomass in mountain grasslands: a
comparative study using three different methods
Reeves M.C., Baggett L.S. 2014. A remote sensing protocol for identifying rangelands with
degraded productive capacity .Ecological indicators, Elsevier.
Richard Condit, 2008. Methods for estimating aboveground biomass of forest and replacement
vegetation in the tropics
Rinehart L., 2006. Pasture, rangeland and grazing management
Rosales M., Livinets S.. Grazing and land degradation in CIS countries and Mongolia
Shewmaker G. E., M. G.Bohle. Published by University of Idaho Extension.2010. Pasture and
grazing management in Northwest
Smith L.,.Ruyle G, Maynard J., Barker S., Meyer W., Stewart D., Colloundon B., Williams
S.,.Dyess J., 2007. Principles of Obtaining and Interpreting Utilization data on rangelands.
Arizona Cooperative Extension
State Committee on nature protection. 2015. Fifth National Report of the Republic of
Uzbekistan on conservation of biodiversity
The University of Arizona. How many animals can I graze on my pasture? Determining
carrying capacity on small land tracks
Toderich K.N., Shuyskaya E.V., Rajabov T.F., Shoaib I., M. Shaumarov, Kawabata Yoshiko,
E.V. Li, 2013. Uzbekistan: Rehabilitation of Desert Rangelands Affected by Salinity, to Improve
Food Security, Combat Desertification and Maintain the Natural Resource Base. Springer
Science Business Media Dordrecht
Tsegaye D., Meshesha,Tsunekawa A. and Tsobo M.. Continuing land degradation and its
cause-effect in Ethiopia central lift valley. Arid Land Research Center. Tottori University, Japan
Undersander D., Albert B., Casgrove D., Johnson D., Peterson P., 2002. Pastures for profit. A
guide for rotational grazing.University of Minnesota Extension service.
Undersander D.,.Casler M, Cosgrove D.. Identifying pasture grasses. University of Minnesota
United Nations Convention to Combat Desertification (UNCCD). 2006. Central Asian
Countries Initiative for Land Management. National Programming Framework,
Uzbekistan.Retrieved on August, 2015, from http://www.unccd.int/cop/reports/asia/asia.php.
(In Russian).
United States Agency for International Development, 2005. Uzbekistan’s land reform
assessment. Final report
US Environmental Protection Agency. 2017. Retrieved from www.epa.gov/agriculture on
August 2017
Verbeten B.. Pasture plant selection .Cornell Cooperative Extension.
Pietikainen V.. Measures to prevent overstocking and overgrazing in woodlands: a case study
in Babati, Tanzania
Wang J., Li A., Bian J, 2016. Simulation of the grazing effects on Grassland Aboveground Net
Primary production using DNDC Model combined with time series remote sensing data- a
case study in Zoige Plateu, China. Remote sensing journal.
Weber K., Horst Sh.. Desertification and livestock grazing: the roles of sedentarization,
mobility, and rest
Y.Z. Gabidullin, R.F. Malikov, M.R. Bogdanov, 2011. Computer simulation of vegetation
dynamics of vegetation cover pastures. Bashkir State Pedagogical University named after M.
Akmulla, Ufa

57

Appendix

Annex 1
2009 Landsat 5 TM
Band
1
2
3
4
5
7

Gain
7.6583E-01
1.4482E
1.0440E
8.7602E-01
1.2035E-01
6.5551E-02

Offset
-2.28583
-4.28819
-2.21398
-2.38602
-0.49035
-0.21555

Gain
7.6583E-01
1.4482
1.0440
8.7602E-01
1.2035E-01
6.5551E-02

Offset
-2.28583
-4.28819
-2.21398
-2.38602
-0.49035
-0.21555

Gain
1.2291E-02
1.2586E-02
1.1598E-02
9.7804E-03
5.9851E-03
1.4884E-03
5.0168E-04
1.1069E-02
2.3391E-03

Offset
-61.45666
-62.93237
-57.99164
-48.90182
-29.92548
-7.4
-2.50842
-55.34340
-11.69555

Gain
1.2251E-02
1.2545E-02
1.1560E-02
9.7484E-03
5.9655E-03
1.4836E-03
5.0004E-04

Offset
-61.25568
-62.72657
-57.80199
-48.74190
-29.82761
-7.41786
-2.50021

2010(Landsat TM5)
Band
1
2
3
4
5
7
2013(OLI/TIRS)
Band
1
2
3
4
5
6
7
8
9
2016(Landsat 8 OLI/TIR)
Band
1
2
3
4
5
6
7
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8
9

1.1032E-02
2.3315E-03

-55.16241
-11.65731

Annex 2
Operations
1. Georeferencing and transformation
2. Creating vector polygons (Start editing->Creating objects->Polygons)

3.
4.
5.
6.

Putting attribute data
Converting Excel file to ArcGIS table(Convert->Excel to ArcGIS)
Table connection with shape file
Map presentation and legend
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Annex 3

Figure 1.Total pasture biomass (kg’s)

Figure 2. Pasture areas(ha)
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Annex 4
Amount of harvested forage loss after drying:
Expert
Uzgeodezcadastre expert
Main Forestry Department expert
Bruchmullo forestry department expert

Answer
10-20 %
10-25 %
10-20 %(depends on moisture content)

61

Annex 5

TPB and NDVI mean
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Scatterplot 1. TPB and NDVI mean for quarter relationship
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Scatterplot 2. CC and NDVI mean for quarter relationship

AGB and NDVI
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Scatterplot 3. AGB and NDVI mean for quarter relationship
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TPB and SAVI mean
y = -374697x + 432456
R² = 0,1314

1200000
1000000
800000
600000
400000
200000
0
-0,2

0

0,2

0,4

0,6

0,8

1

Scatterplot 4. TPB and SAVI mean relationships
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Scatterplot 5. CC and SAVI mean for quarter relationship

AGB and SAVI
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Scatterplot 6. AGB and SAVI mean for quarter
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1

TPB and MSAVI
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Scatterplot 7. TPB and MSAVI mean for quarter

Carrying capacity and MSAVI
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Scatterplot 8. Carrying capacity and MSAVI mean for quarter
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Scatterplot 9. AGB and MSAVI mean index for quarter
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