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Abstract

Pasture biomass is an important parameter for studying pasture productivity. In the current study, 
a methodology was prepared for calculating the nutrient biomass of pastures using GIS and remote 
sensing. The technique allows analyzing the spatial and temporal variation of pasture biomass. In the 
work, an assessment of surroundings of the city of Turkmenbashi carried out in 2019 and 2020 y.y. is 
presented Results showed that remote sensing data and GIS technologies can be useful for assessing 
pasture biomass and forecasting their yield for sustainable pasture management.
Keywords: pasture, biomass, remote sensing, vegetation index, NDVI (normalized differential 
vegetation index), desert pasture biomass.

Introduction

The most important goal of the country's food security is the comprehensive development of 
animal husbandry as one of the two main branches of agriculture and the saturation of the country's 
domestic market with food and related products. In the conditions of Turkmenistan, the development 
of animal husbandry and especially sheep breeding is based mainly on the rational use of the natural 
fodder of the Karakum Desert, the total area of which is more than 38 million hectares.

Desert pasture vegetation is characterized by low feed reserves, its development is highly 
dependent on the meteorological conditions of the year, and the feed consumption by cattle varies 
greatly in different seasons.

In the conditions of scientific and technological progress, the increasing impact of anthropogenic 
and man-made factors often leads to an imbalance of the fragile desert ecological system. This 
inevitably leads to increased desertification processes.

The elimination of these negative phenomena can be carried out by creating a special system of 
permanent accounting and monitoring of the productivity state state of pasture vegetation throughout 
the vast desert territory.

The use of remote sensing data in combination with ground-based field monitoring of the 
productivity state of natural forage resources will allow obtaining information necessary for their 
rational use and environmental protection measures.

Remote sensing
Remote sensing is obtaining information about objects or phenomena without contact with them. 

This is done by sensing and recording reflected and radiated energy.
The versatile study of remote sensing materials with different nature of the study of land resources 

in the desert zone is associated with the need for mandatory consideration of the natural conditions of 
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a particular surveyed area. In this regard, it is emphasized that the analysis of these conditions is of 
paramount importance while classification of remote sensing data (B.V. Vinogradov, 1966).

Electromagnetic spectrum
Remote sensing is obtained from measurements of electromagnetic radiation by avia or satellite 

equipment (Fig. 1).

Fig. 1. Electromagnetic spectrum

Multispectral satellite images make it possible to identify objects with unique spectral 
characteristics, so their use is more preferable. That is, the special properties of different classes of 
natural objects are clearly manifested in different parts of the electromagnetic spectrum. For case 
studies, it is advisable to take a range that makes the object of study more specific. Various combinations 
of bands representing the characteristics of an object are used to visualize a multispectral image. Fig. 
2 shows a comparison of the characteristics of the Sentinel 2 and Landsat 7, 8 satellites.

Fig. 2. Comparison of the characteristics of Sentinel 2 and Landsat 7, 8 satellites*

*	 https://landsat.gsfc.nasa.gov
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NDVI vegetation index
One of the most frequent applications of remote sensing is assessment and monitoring of vegetation 

using vegetation indices (A. Bannari, D. Morin and F. Bonn, 1995; G. Metternicht, 2003; G.Pickup, 
V.H. Chewing and D.J. Nelson, 1993; J.W. Rouse, R.H. Haas, J.A. Schell and D.W. Deering, 1973).

Also, ground-based survey provide detailed information about individual sites with a rare 
frequency of monitoring, which represent a very limited area of pasture territory with a large extent. 
Moreover, such an assessment takes a lot of time and money.

Vegetation indices include a combination of reflection measurements in various parts of the 
electromagnetic spectrum to represent information about vegetation on the surface. Healthy green 
vegetation has a characteristic reflection in the visible and near infrared range of the spectrum. In the 
visible and especially red wavelength range, plant pigments strongly absorb energy for photosynthesis, 
while in the near infrared range, energy is strongly reflected by the internal structure of the leaf. This 
strong contrast between the reflection in the red and near infrared wavelengths has created the basis 
for many vegetation indices. In relation to images of multispectral remote sensing, these indexes 
include numerical combinations of sensor channels that contain information about the reflection of 
the surface in different wavelengths.

The most well-known of the vegetation indices is the normalized vegetation index NDVI 
(Normalized Difference Vegetation Index). This index aims to solve problems using quantitative 
estimates of vegetation cover, except in cases with sparse vegetation. It was first described by Rouse 
et al. (J. W. Rouse, R. H. Haas, J. A. Schell and D. W. Deering, 1973), and the concept was first 
presented by Kriegler et al. (F.J. Kriegler, W.A. Malila, R. F. Nalepka and W. Richardson, 1969). The 
physiological state of the vegetation cover is largely determined by the content of chlorophyll and 
the level of moisture availability. In this regard, it is advisable to use relative indicators of the state 
of vegetation, including forests, obtained on the basis of spectral indices that closely correlate with 
the level of chlorophyll and moisture availability of plants. NDVI is an indicator of the amount of 
photosynthetically active biomass and is calculated by the formula:
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where RED and NIR are spectral luminances in the red and near infrared ranges, respectively.

Fig. 3. The difference between the NDVI indicators of a healthy and withering plant
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The NDVI calculation is based on the two most stable parts of the spectral reflection curve of 
vascular plants. In the red region of the spectrum (0.6-0.7 µ) lies the maximum absorption of solar 
radiation by chlorophyll. In the infrared region (0.7-1.0 µ) is the area of maximum reflection of the 
cellular structures of the leaf. High photosynthetic activity, usually associated with dense vegetation, 
leads to less reflection in the red region of the spectrum and more in the infrared (Fig. 3). The ratio 
of these indicators to each other makes it possible to clearly separate and analyze plant objects from 
other environmental objects. The use of a normalized difference between the minimum and maximum 
reflection allows reducing the impact of phenomena such as differences in the illumination of the 
image, haze, absorption of radiation by the atmosphere, etc.

To display the NDVI index, a continuous gradient or discrete scale is used, showing values in the 
range from -1 to 1, or a so-called scaled scale in the range from 0 to 255 (corresponds to the number 
of gray gradations) (Fig. 4).

Fig. 4. Example of NDVI calculated using Sentinel 2 satellite data

Natural objects that are not associated with vegetation have a fixed NDVI value, which allows 
using this parameter to identify them. NDVI for water bodies takes negative values (when calculated 
in the range from -1 to 1), for soils, ground and dry vegetation it is positive and close to 0. Maximum 
values for vegetation and intermediate values for different vegetation conditions. Its values increase 
with the development of green biomass and decrease with its drying. NDVI calculation is most often 
used on the basis of a series of multi-time images with a given time resolution. This makes it possible 
to obtain a dynamic picture of the processes of changing the boundaries and characteristics of various 
types of vegetation (monthly, seasonal, annual variations). NDVI is widely used in agriculture when 
observing the development of agricultural crops during one growing season.
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The main advantage of NDVI is the ease of calculation, because no additional data is required, 
except for the actual remote sensing data and knowledge of the survey parameters. NDVI is widely 
used for mapping vegetation cover, drought monitoring, assessing the productivity of ecosystems and 
agricultural territories, calculating soil moisture content, monitoring vegetation phases, etc. There is 
a stable correlation between the NDVI indicator and the productivity of various types of ecosystems.

NDVI values are influenced by many factors, including photosynthetic activity, total vegetation 
cover, biomass, plant and soil moisture. Therefore, NDVI correlates with many attributes of ecosystems 
(for example, net primary productivity, leaf cover, soil cover).

Creation of method for preparation of digital map of pasture nutrition biomass
While preparation of electronic digital yield maps of pasturs, it is necessary to take into account 

their total yield and the amount of the stock consumed. The total yield of pastures is the amount of 
the total forage mass of pasture vegetation in terms of air-dry condition, regardless of the degree of its 
consumption by animals. The eaten stock is understood as a certain part of the total yield of pastures, 
practically eaten by one or another animal species in the appropriate season of use.

In the conditions of a desert zone, the dynamics of the total and consumed stock of feed by seasons 
of the year is of great importance in the implementation of year-round maintenance of livestock 
on pastures. In Turkmenistan, a method of single determination of the feed stock on pastures with 
subsequent calculations of seasonal dynamics in office conditions was developed (V.N. Nikolayev, 
1975). For this purpose, special tables and graphs of seasonal accumulation of fodder mass by various 
types of desert pasture plants are used.

However, despite some successes achieved in this area, the method of determining feed stocks 
on desert pastures is still very laborious. When developing our methodology for determining the 
nutritional value of desert pastures, there were elements of new methodological developments, where 
this was possible due to the widespread use of geographic information systems and remote sensing 
data.

The essential relationship between pasture yields and meteorological conditions of the year is 
extremely complex due to the fact that numerous plant species belonging to different life forms and 
reacting differently to weather conditions are found on pastures. For example, the yield of bush 
fodder is more constant, while the yield of spring annuals in different years may vary by two or more 
times. Based on long-term observations, it has been established that good development of summer 
annuals occurs only with abundant winter-spring precipitation.

The study used the Sentinel 2 satellite image scenes for 28.04.2019 and 17.04.2020. The image 
was obtained in April, when searching the condition for cloud coverage of less than 10% of the scene 
was set. The characteristics of the images are presented in Table 1.

Table 1

Sentinel 2 image characteristics

Band Name Band central 
wavelength (nm)

Spatial 
resolution (m)

1 Coastal aerosol 443 60
2 Blue 490 10
3 Green 560 10
4 Red 665 10
5 Vegetation red edge 705 20
6 Vegetation red edge 740 20
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7 Vegetation red edge 783 20
8 Near infrared 842 10
8а Vegetation red edge 865 20
9 Water vapour 945 60
10 SWIR - cirrus 1380 60
11 SWIR 1610 20
12 SWIR 2190 20

After preliminary preparation, the ArcGIS 10.3 software was used to calculate the NDVI 
vegetation index from satellite images. The function of calculating the vegetation index NDVI is 
built into ArcGIS 10.3 in the Image Analysis window. It is necessary to set the near infrared and red 
bands in the settings (for Sentinel 2 bands 8 and 4, respectively). The calculated NDVI index is shown 
in Fig. 5.

Fig. 5. NDVI index compiled in the vicinity of the city of Turkmenbashi according to Sentinel 2 satellite data

The compilation of the final electronic digital map of pastures in 2019 and 2020 is combined 
with the comparison of field materials and data of the vegetation index NDVI. The results of active 
biomass calculations based on NDVI classification (Table 2) presented for 2019 and 2020 y.y. 
(Table 3, Table 4).
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Table 2

Classification of NDVI vegetation index

NDVI values Active biomass (c/ha) Color
< 0 0

0,00 – 0,10 0
0,10 – 0,15 1
0,15 – 0,20 2
0,20 – 0,25 3
0,25 – 0,30 4

0,30 < 5

Table 3

Calculation of active biomass for 2019

Group Number 
of pixels Area, ha Yiled (c/ha) Feed stock (c) Number of 

cattle (qty)
Hectare per head 

of cattle
0 26947801 269478
1 2408797 24088
2 6394380 63944 1 63944 6731 9,5
3 7282348 72823 2 145647 15331 4,8
4 1379850 13799 3 41396 4357 3,2
5 178970 1790 4 7159 754 2,4
6 93510 935 5

446857 27173

Table 4

Calculation of active biomass for 2020

Group Number 
of pixels Area, ha Yiled (c/ha) Feed stock (c) Number of 

cattle (qty)
Hectare per head 

of cattle
0 27010124 270101
1 11333618 113336
2 6076466 60765 1 60765 6396 9,5
3 213943 2139 2 4279 450 4,8
4 24791 248 3 744 78 3,2
5 10784 108 4 431 45 2,4
6 15930 159 5

446857 6970

RESULTS

In this work, the results of the NDVI vegetation index for 2019 and 2020 are grouped to calculate 
the active biomass of pastures based on multispectral images from the Sentinel 2 satellite. According 
to the results of calculations, where the active biomass allowed keeping 27,000 heads of small cattle in 
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2019, and in 2020 the active biomass allowed keeping only 6,000 heads of small cattle, respectively, 
in May of each year, it is possible to estimate the number of grazed sheep in the study area.
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