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MODELLING LANDSCAPE CHANGES AND DETECTING LAND COVER
TYPES BY MEANS OF REMOTE SENSING DATA AND ILWIS GIS

W CIOJb30BAHUE I'MC-TEXHOJIOT AN (ILWIS GIS) 1 CTYTHAKOBBIX
CHUMKOB J1J1s1 MOAEJIUPOBAHUSA UBMEHEHUU JIAHAIIA®TOB U
JEINU®PUPOBAHUSA TUITIOB IOYBEHHO-PACTUTEJIBHOTI'O IIOKPOBA
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Abstract. The emphasis of this article is placed on the technical application of the
remote sensing tools and methods for studies of vegetation coverage in northern
ecosystems. The study area is located in Yamal peninsula, the Russian Federation. Landsat
imagery covering study area in 1988, 2001 and 2011 has been analyzed using ILWIS GIS.
The image processing was performed using semi-automated method of image
interpretation. The remote sensing data classification from ILWIS menu enabled to map
vegetation coverage over research area, which helped to identify land cover types and
distribution in Yamal. Results show that Landsat TM imagery with 30 m mesh spacing is
useful for landscape mapping and the interpretation of the vegetation cover types.

AnHoTauus. Llenp naHHON pabOTHI COCTOMT B TEXHHYECKOHW ampoOaiyu JTaHHBIX
JUCTAHLIMOHHOTO  30HIMpPOBaHUS 3emud  (CIyTHHKOBBbIE CHUMKM JlaHacar) s
KapTorpadupoBaHUs MOYBEHHO-PACTUTEIBLHOTO MOKPOBAa CEBEPHBIX 3KocucTeM. O0sacTh
uccatgopanuii — n-oB fAmain, Poccus. Kocmuueckne cHumku JlaHzacar, MOKpBIBarOLIve
HYXKHBII ygacTok Tepputopuu B 1988, 2001 u 2011 r.r., 6pu Ki1accuUIMPOBAHHBI U
npoananmsupoBanasl B [TMUIC MJIBUC (ILWIS GIS). O6paboTka CHUMKOB Oblia
OCylIecTBJIeHa B mojiyaBToMaruueckoMm pexkume mertogamu [MIC. BerpoeHHBIH pexkum
00paboTKH W pacrmo3HaBaHUs pacTpoBbIX n3oopaxennii B ILWIS GIS mo3Bommn mposectn
KaprorpadupoBaHue  IMOYBEHHO-PACTUTENIHOTO  TOKPOBA W PacIpOCTpaHEHHE
nanqmapToB Ha m-Be SIman. Pe3ynbTaThl MOKa3bIBalOT, W3MEHEHHE JaHAMAPTOB 32
UCCIIEIyeMbI ydacTOK BpeMeHH. PaboTa mpowyuIrocTpupoBajia yCIEIIHOEe NPUMEHEHUE
CIYTHUKOBbIX CHUMKOB Jlanacar ¢ 30-m paspemieHueM [Uisi MeIKOMacluTaOHOTO
nanamadTHoro 'MC-kaprorpadupoBanus.

Keywords: Landsat, remote sensing, supervised classification, modeling.

KiawueBble ciaoBa: JlaHacaT, CIyTHUKOBBIE CHHUMKH, KJIacCHU(HKAIMA,
MOJZIETUPOBAHUE.
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The research area is geographically located on the western part of Yamal Peninsula,
Western Siberia, Russia. The physical-geographical setting of the research area naturally
defines its environmental conditions: the Yamal Peninsula is located on the northern part
of the Western Siberia geographic region, which occupies the world’s largest high-latitude
wetland system and covers totally 900,000 km? of peatlands [1]. The dominating landscape
on Yamal is lowland tundra. In the frame of current research dealing with GIS analysis of
land cover and environment of northern ecosystems in Yamal, the Landsat satellite
imagery has been classified using ILWIS GIS. The emphasis of this article is placed on the
technical application of the remote sensing tools and methods for studies of vegetation
coverage in northern ecosystems. The main objective is to detect vegetation distribution
and changes over the area of Yamal by identification of plant and vegetation types in their
correlation with pixel digital numbers (DNs), i.e. value of spectral reflectance.

Land Cover Classes in Bovanenkovo region.
Results of the Landsat MSS, 1988 image classification
(Minimal Distance Classifier, ILWIS GIS)
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Figure 1. Land Cover Classes: year 1988 (Landsat TM)
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Changes in vegetation distribution in northern ecosystems are caused by various
reasons, such as climate and environmental changes, plant phenology and growing season,
which has direct impact on the chlorophyll content in leaves. Satellite imagery is
indispensable in this case for monitoring vegetation changes, as it provides accurate and
low-cost source of data and enables recurrent remote sensing observations. Land cover
monitoring highlights the dynamic of changes in vegetation coverage, types and spatial
distribution.

Methods
Using remote sensing data, such as Landsat scenes, for detecting changes in
vegetation types has great potential for environmental land cover mapping [2].
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Manipulation with certain multispectral channels enables to calculate vegetation indices,
e.g. LAI, calculation of biomass, etc.

Table 1. Histogram for supervised classification of Landsat TM image, 1988.
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Visualization of the result raster images facilitates detection of changes in
vegetation coverage. Methods of Landsat scenes interpretation include data preprocessing,
supervised classification, orthorectification, image correction, and raster data processing.
Due to the popularity of Landsat data, there are numerous successful researches reporting
application of Landsat scenes for land cover mapping in general, and for northern Polar
environment in particular [3], [4], [5], [6], [7], [8], [9]. Following working steps
summarize research scheme used in this research: 1) data pre-processing, 2) creation of
image composites of several bands, 3) supervised classification using various classifiers 4)
performing spatial analysis and interpretation of the results, 5) time series analysis for
detecting changes, 6) final GIS mapping. The research data included Landsat scenes,
received from the open source USGS (the U.S. Geological Survey) taken in 23-year time
span, from 1988 until 2011. Complete Landsat data pre-processing usually includes image
resampling, radiometric normalization and quality assessment [10]. In the scope of the
current research, these steps were limited to image resampling, supervised classification
and mapping. The principle of Minimum Distance method used for classification is based
on the calculating of the shortest straight-line distance in Euclidian coordinate system from
each pixel’s DN to the pattern pixels of land cover classes. The main weakness of the
supervised classification method is caused by modeling approach and technical details of
image recognition, i.e. errors in pixels classification. Thus, the misclassification by the
Minimum Distance method may occur due to the ambiguity and erroneous recognition of
some of the pixels as well as insufficient representation of classes.
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Land Cover Classes in Bovanenkovo region.

Results of the Landsat ETM+, 2001 image classification.

(Minimal Distance Classifier, ILWIS GIS)
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Figure 2. Land Cover Classes: year 2001 (Landsat TM)

Following types of land cover classes were defined on the current scenes: shrub
(bushes), grass, forest, urban areas, water, ice (covering selected water areas), rocks and
sands. Some few pixels in an upper-right corner in a scene for 2011 did not match to these
areas and remained unclassified, as they are covered by a cloud. A lot of classes in the test
areas are self-evident, e.g. such as ocean water, sand, shelf areas. However, in practice,
more sub-classes for water areas could be distinguished, due to different color shadows of
water changing with depth and salinity. The recognition of various vegetation types is
more complex. The vegetation types vary in response to the local conditions and
differences in regional settings, mostly due to changing geochemical soil content and
through different geomorphic and elevation ranges.

Findings

The results show classified maps covering the same geographic region of
Bovanenkovo in 1988, 2001 and 2011 years, respectively. The GIS mapping is performed
using results of the image classification, based on the relationship between the spectral
signatures and object variables, i.e. vegetation types over the research area. The results of
the supervised classification show maps of the vegetation distribution. The water areas are
defined as “no vegetation” class.
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Land Cover Classes in Bovanenkovo region.
Results of the Landsat TM, 2011 image classification
(Minimal Distance Classifier, ILWIS GIS)
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Figure 3. Land Cover Classes: year 2011 (Landsat TM)

The statistical results of the classified land cover classes are represented in
Histograms created by ILWIS (Table 1 and Table 2).

Table 2. Histogram for supervised classification of Landsat TM image, 2011.
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For the year 1988 The “forest” class covered 8,188,926 pixels, which is 11,32%
from the total amount. The maximal area, except for water, is covered by the shrubland
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(15,29% from the total). As for 2011, the percentage of the shrubland decreased down to
6,26%, while the area of forests increased from 11,32 to 15,97%. The area of grass
remained relatively stable with values slightly increasing to about 2%, (Figure 1, Figure 2,
Figure 3).

Conclusion

Remote sensing plays important role in land use studies and serves as a valuable
source of spatial information for time series analysis. While traditional methods for
vegetation monitoring are fieldwork and ground surveys, usually performed in large-scale
areas, the use of remote sensing techniques enables to monitor extended areas in a small
scale, as well as to assess temporal changes. Using enhanced ILWIS GIS tools to analyze
and process satellite imagery contributes to the environmental analysis of the land cover
changes. The classification used in the current work is pixel-based aimed to allocate and
categorize pixels on the image to the created classes. The basis for this classification is DN
of pixels. The complexity of the surface includes shapes, texture, area, size of selected
fields, geographic context (location of the object within the area) as well as spectral color.
The supervised classification enabled to assign land cover classes by adjusting
classification parameters and thresholds in spectral signature of pixels. The results show
successful use of ILWIS GIS software for spatio-temporal classification of the satellite
images aimed at ecological mapping.
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AHHOTALUS. PaccmarpuBatorcs pe3ynbTaThl TEOPETUYECKHUX "
AKCIEPUMEHTAILHBIX MCCIEIOBaHUI B 00JaCTH HOBBIX MOJIENICH U METOMOB Ul CO3JaHUs
IpPOrpaMMHOr0  00€CledYeHHs aBTOMATU3MPOBAHHOM  HMH(MOPMALIMOHHOW  CHUCTEMBI,
NpeIHa3HAaYeHHOM s  peleHus NpsAMo u  o0paTHOW 3aJayd  ONTHUMAaJIbHOTO
TEOMETPUYECKOTO TOKPBITUS MHOTOCBSI3HOTO OPTOTOHAJIBHOTO MOJUIrOHa (KOpIycHast
JeTalb «obeuaiikay) 1 U3eNuid XUMHYECKOTO U He(hTEera3oBoro MamHOCTPOCHUS.

Abstract. The results of theoretical and experimental research in the field of new
models and methods for creating software automated information system for solving direct
and inverse problems of optimal geometric cover of multi-linked orthogonal polygon
(basic part "sidewall") for the products of the chemical and oil and gas engineering.
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