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Abstract

The main objective of this research is defining the walnut tree forests boundaries and other land use areas in
the particular region of the country by using Landsat satellite imagery. Walnut forests occupy about 631
thousand hectares of the land they are the largest walnut forests on the planet. These forests are situated in
the Arstanbap region, western Tien-Shan Mountains at the alfitude from 1000m to 2200m. Besides walnut
trees, there are other trees and shrubberies in these forests. This research is needed to investigate the actual
Jorest change and environmental impact of the global warming as well as economical activities of the local
communities. The importance of walnut forests of Kyrgyzstan is very high because of the ecological value of
these relict walnut forests in the national and global level as natural world heritage. All forested areas in the
country have environmental, hygienic, health and other protective functions according to the National Forest
Code. The Physiological state of forests is largely determined by the content of chlorophyll and moisture level
of the green fractions of vegetation. Currently, the walnut forests are experiencing a negative impact from
agriculture, illegal logging and climate impact. Application of the multispectral and mutli-temporal series of
Landsat imagery is one of the most efficient technologies for the long term environmental studies and
analysis. This research has investigated the relative values obtained based on spectral indices as Normalized
Difference Vegetation Index (NDVI), defined by the spectral reflection in the visible, near and mid-infrared
spectral ranges. There are a number of changes in the walnut forest areas, identified within the research
Study.

1. Introduction
The rational use and protection of the natural

2. Landsat Satellite System in Forestry
Monitoring

resources, particularly the vegetation cover is one of
the most important issues today. The analysis of
global experience demonstrates the widespread use
of remote sensing technology (both space and
airborne), satellite navigation systems and
Geographic information (GIS) technologies in the
collection, processing and spatial analysis of the
forest-related information. The Combination of
remote sensing data and conventional ground-based
methods has been the main method of the forest
studies. Such integrated research and applied
approach enables users to collect a large amount of
relevant data and to create accurate and reliable
thematic maps of the forested areas (Vogelmann et
al., 2012). Integrated use of remote sensing imagery
and GIS has been applied in this research work. The
dynamics of the forest ecosystem can be monitored
and controlled efficiently by using Landsat satellite
imagery with the great advantage of its long-term
and continuous operation since 1972, integrated and
open datasets.

The Landsat series of satellites began with the
launch of ERTS-1 (Earth Resources Technology
Satellite, later renamed Landsat 1) in 1972 and it
becomes the main remote sensing data to track
urban growth, to monitor the effects of climate
change, and to see deforestation affects on the
global scale. The program has run continuously
since 1972 providing scientists four decades of
information in hand to track changes in land use
over time with three primary satellite sensors
evolving over thirty years: MSS (Multi-Spectral
Scanner), TM (Thematic Mapper), and ETM+
(Enhanced Thematic Mapper Plus) (Figure 1).

As a joint initiative between the U.S. Geological
Survey (USGS) and the National Aeronautics and
Space Administration {NASA), the Landsat Project
and the data it collects support government,
commercial, industrial, civilian, military, and
educational  communities  worldwide.  The
multispectral imagery from the Landsat 8 satellite
became available from May 30, 2013, and this
mission continues the acquisition of high-quality
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data that meet scientific and operational
requirements for observing global land use and land
change. The Landsat-8 satellite captures entire Earth
in every 16 days, in an 8-day offset from Landsat-7.
Data collected by the instruments onboard the
satellite are available to download at no charge from
GloVis, EarthExplorer, or via the LandsatLook
Viewer within 24 hours of reception. Landsat-8
carries two instruments: The Operational Land
Imager (OLI) sensor includes refined heritage
bands, along with three new bands: a deep blue band
for coastal/aerosol studies, a shortwave infrared
band for cirrus detection, and a Quality Assessment
band.

I Landsat1 July 1972 - January 1978
I L:odsat 2 Januzry 1975 - July 1683

The Thermal Infrared Sensor (TIRS) provides
two thermal bands. These sensors both provide
improved signal-to-noise (SNR) radiometric
performance quantized over a 12-bit dynamic range.
(This translates into 4096 potential gray levels in an
image compared with only 256 gray levels in
previous 8-bit instruments.) Improved signal to
noise performance enables better characterization of
land cover state and condition. Products are
delivered as 16-bit images (USGS, 2016). On
average, over 500 unique Landsat 8 scenes are
acquired per day across the globe and sent to the
USGS Earth Resources Observation and Science
(EROS) Center for storage, archive, and processing.

I Landsat3 March 1978 - Septombor 1983

I Loodsotd July 1982 - December 1933
I Lseidisat5 March 1984 - January 2013
) Landsat6 October 1933

Londsat 7 April 1999~ ©
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Figure 1: Landsat satellites (USGS, 2016)
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Figure 2: Main forest areas in Kyrgyzstan (JICA, 2016)
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The geometrically corrected Level 1 products can be
systematic terrain corrected (L1Gt) or precision
terrain-corrected products (L1T). The highest
available product derivative is made available for
download over the Internet at no cost to users. A
complete standard Level-1 product consists of 13
files, including OLI Bands 1-9 (one file per band),
TIR Bands 10 & 11 (one file per band), a product-
specific metadata file, and a QA file.

The literature review and preliminary study of
using Landsat products in forestry (Roy et al., 2014,
Sidorenko et al., 2015, Kurbanov et al., 2012 and
Kostikova, 2016) have identified that Landsat
images can be used efficiently in forest mapping,
monitoring and management.

3. Walnut Forests in Kyrgyzstan

Kyrgyzstan has current forest cover about four
percent of the total territory of the country or
between 700,000 and 800,000 ha (Figure 2). All
forests are state-owned and have been designated
for biodiversity and nature conservation. They can
be grouped into four main types (Miiller and
Venglovsky, 1998, Venglovsky, 1998 and Cornet
and Rajapbaev, 2004):

—Spruce forests (Picea schrenkiana Fisch. et
May.) occur in the west, in the center of the
country and in the higher parts of the ranges
north of the Fergana valley, mainly at altitudes
between 1,700 and 3,000 m.a.s.l. Small areas
of stands with the endemic Semenov fir (Abies
semenovii B. Fedtsch.) can be found in the
very west of the country.

—Walnut-fruit forests occupying the northem
and north-eastern slopes of the Fergana valley.
Under this term, a range of forest ecosystems
dominated by fruit-bearing woody species is
subsumed, including walnut (Juglans regia L.),
apple (Malus spp.), hawthorn (Crataegus spp.),
plumb (Prunus spp.), rose species (Rosa spp.)
almond (Prunus amygdalus Stokes) and
pistachio (Pistacia vera L.). Forest stands of
walnut and its accompanying species grow in
the valleys and hills in altitudes between 800
and 2,400 m.a.s.l, whereas pistachio forests
and almond stands grow in the dryer, lower
parts of the hills. The walnut-fruit forests of
Kyrgyzstan are considered to be the biggest
remaining areas of this particular forest type
worldwide and therefore to be of global
significance for biodiversity conservation.

—Juniper forests (Juniperus spp.) grow under
arid conditions or in very high altitudes up to

3,500 m.a.s.l. in the very south of the country
and dispersed over the country. These forests
are typically open stands, formed by a tree and
crawling forms of Juniper.

Currently, the state of the country’s forests is
deteriorating. This is mainly due to increased
pressure on forests on the one hand and the
breakdown of an effective forest management
system after independence, on the other. The state is
unable to assure effective forest management on its
own as a result of a lack of funding for protective
and maintenance activities. At the same time,
pressure on easily accessible forests by a variety of
stakeholders has increased, since the economic
changes have resulted both in difficulties in
obtaining energy supplies other than fuelwood and
in reduced opportunities for salaried employment
and therefore in a relapse into subsistence
agriculture in all parts of the country (Fisher et al.,
2016).

Walnut forest (mainly Juglans Regia) of
southwest Kyrgyzstan has grown in the mountains
surrounding the eastern margin of Fergana Valley
(Figure 3). As a large rare climax walnut forest as
anywhere in the world, its proper protection and
management are one of the major challenges for the
forest authorities of Kyrgyzstan because of
attracting by many researchers and experts. The
forests in this region are not only wild grows walnut
but many fruit varieties such as apple and plum; the
forests also have very high productivity and
economy. In addition, the pistachio and almond
forests also exist in the low-altitude region as dry
area (JICA, 2016).

The State Forest Service (SFS) is the responsible
state body for the implementation of the national
forest policy, for forest management, hunting,
management of national parks and other protected
areas and for biodiversity conservation. It is part of
the opresidential administration and has its
headquarters in the capital Bishkek. Provincial
forest administration units are in charge of forest
management at the level of each province (oblast).
Locally, more than forty State Forest Farms (leshoz)
are responsible for the protection and management
of the forests and of state-owned non-forested land
located on leshoz territory, mainly pastures but
sometimes also arable land. The entirety of the
forested and non-forested land on leshozes forms
the state forest estate (Goslesfund) all of which is
destined for forestry use in the long run.

The walnut forest of leshoz “Arstanbap-Ata” is
selected for this study. The territory of leshoz is
sitnated between the Fergana and Chatkal
Mountains of the Tyan-Shan range. The largest on
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a2

Earth Arstanbap walnut forest area is located above
1,200 meters in the territory of the Bazar-Korgon
rayon, Jalal-Abad oblast of Kyrgyzstan. The forest
area of the leshoz territory was mapped on scale
1:10000 in 1975 with total 32748 Ha. This area was
estimated 28279 Ha in 1989 and has 16297 Ha
today. The forested area is reduced because of the
land use and administration border changes, which
are still under discussions.

There are 4 settlements in the territory of leshoz
“Arstanbap-Ata” — Gunkhana, Arstanbap, Belterek
and Dashman.

It is estimated that more than 100,000 people
live in villages within or at the periphery of the
forest belt. Agroforestry resource wuse is
predominant in these forests, which can be
described as a cultural landscape, a mosaic of
natural, often strongly anthropogenically influenced
forest stands, forest plantations, farming plots in
forest openings and increasingly in open forest
stands, and pastures. Some people actually farm on
plots within leshoz territories and, although illegal,
grazing in leshoz territory is very much the norm
and is an important activity in forested areas (Fisher
et al., 2016).
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Figure 3: Walnut forest areas in the Jalal-Abad oblast (study area location is in the red circle)

Study area

Figure 4: State Forest Farm (leshoz) “Arstanbap-Ata™: a) map of forestry units; b) forestry unit “Dashman”
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4. Data collection and processing

The leshoz “Arstanbap-Ata” is divided into three
forestry units - lesnichestvo: Gumkhan, Dashman
and Kosh-Terek. Paper maps of these forestry units
were georeferenced and digitized using ArcGIS 10.2
software (Figure 4). These digital layers of unit
borders were used for the data collection, processing
and analysis using GIS software and online
cartographic services as Google Earth, SAS Planet,
and USGS Earth Explorer etc.
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August 23, 1994

Landsat products were searched and downloaded
from the WU.S. Geological Survey website
(http://earthexplorer.usgs.gov) using online tools
and digital maps of the study area. Analysis of the
available remote sensing imagery has identified the
most suitable period in August and the lesnichestvo
“Dashman” with largest walnut forest area for the
further detailed study (Figure 5).

Landsat 8
August 17, 2015

Figure 5: NDVI values for different sensors

Landsal 5
August 23, 1994

Londwat 5
August 12. 2010

Figure 6: The changes of walnut forest areas in different years
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Four Landsat images with best quality were selected
and downloaded from the USGS Data Archive for
the further processing and analysis:

—1LM21630311975228 AAA04 (Landsat-2,
August 16, 1975);

—LT51520311994235ISP00 (Landsat-5, August
23, 1994);

—LE 715203120012148GS00 (Landsat-7,
August 2, 2001);

—LT51510312010224KHCO00 (Landsat-5,
August 12, 2010},

—LC81520312015229LGNO0 (Landsat-8,
August 17, 2015).

Normalized Difference Vegetation Index
(NDVI) - the numerical indicator that uses the
visible and near-infrared bands of the
electromagnetic spectrum adopted to analyze remote
sensing measurements and assess whether the target
being observed contains live green vegetation or
not. NDVI has been used to estimate vegetation
health, crop yields, pasture conditions and rangeland
carrying capacities among others. It is often directly
related to other ground parameters such as percent
of ground cover, photosynthetic activity of the plant,
surface water, leaf area index and the amount of
biomass. NDVI information can be derived using
the satellite bands that are most sensitive to
vegetation information (near-infrared and red). The
bigger the difference therefore between the near-
infrared and the red reflectance, the more vegetation
will be on the land surface.

The NDVI algorithm subtracts the red
reflectance values from the near-infrared and
divides it by the sum of near-infrared and red bands:

NDVI= (NIR-RED) / (NIR+RED)
Equation 1

This formulation allows us to cope with the fact that
two identical patches of vegetation could have
different values if one were, for example in bright
sunshine, and another under a cloudy sky. The
bright pixels would all have larger values, and
therefore a larger absolute difference between the
bands. This is avoided by dividing by the sum of the
reflectance values. Theoretically, NDVI values are
represented as a ratio ranging in value from -1 to 1
but in practice, extreme negative values represent
water, values around zero represent bare soil and
values over 0.6 represent dense green vegetation

(Figure 5).

Use of different Landsat sensor types and dates have
created several issues as spatial, spectral and
temporal resolutions.

Different values of NDVI for different sensors
were determined by using expert assessments, past
studies and field investigations. The results of the
research study are given in the Figure 6 as different
forest areas identified in different time periods using
Landsat images with different spectral parameters of
the vegetation reflectance. Different sensors of
Landsat satellites have different NDVI values for
vegetation cover. Landsat-2 bands have NDVI>0.33
for identification of walnut forest areas with 90 m
resolution. Landsat-5 has NDVI>0.44 (Figure 6)
with and Landsat-7 with NDVI>0.39 can be used to
classify the walnut trees with other vegetation types.
The latest walnut area classification can be realized
using Landsat-8 imagery with NDVI value 0.34 for
the further field verification,

5. Conclusion

The preliminary analysis shows ongoing positive
growth in the walnut forest areas and possibility of
using Landsat images in mapping and monitoring
such land cover dynamics. Different Landsat
sensors have different bands, combinations and
NDVI values, which need further investigations for
the detailed spectral, temporal, spatial resolutions
and other properties of the walnut trees. These
results will be integrated into the new forest
geodatabase and walnut forest researches.
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