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MexayHapoLHas Hay4YHO-NpakTuyeckas KoHdepeHLms
«TeHAeHLUMU 1 NepcneKkTUBbI CO34aHUSA PErMOHANbHbBIX CUCTEM LOMONHUTENBHOrO 06pa30BaHUS B3POC/bIX»

YIOPSIIOYECHBI CIEIYIOIUM 00pa3oM: HAYMHAs CO 3HAUCHUS «4» VS. «COITIaCeH» U Jajee 1o
yOBIBaHUIO «3», «2» U «1», 6e3 ydeTa mpomyIeHHBIX OTBETOB, T.¢. 3HaYeHHs «0». Takum 00-
pa3oM, IoKa3aTesIl CPEAHEr0 3HAYEHUS OTHOCSATCS TOJIBKO K BEIOOpKE — T.€. K (hOpMyIHpOBKaM
BOTIPOCOB, HA KOTOpPbIE (DaKTHUECKH OBLIM JaHBI OTBETHL. B Kaxa0M Bompoce crpaBa OT TEK-
CTa pacroJIOKEHbI B Ipadbl: B IEPBON HAXOAATCS AaHHbBIE JPYTUX MMAPTHEPOB, BTOpas rpa-
(a conepxut coOCTBEeHHBIE pe3yabTarhl. [loka3arenu OCTalbHBIX TAPTHEPCKUX YUPEKICHUI
Mpe/ICTaBIEHBI C OMPABKO Ha COOCTBEHHBIE, T.€. YeM MEHBIIIE YaCTh COOCTBEHHOTO 00pasia
B IIEJIOM, TeM HIDKE OTKJIOHEHHS OT MPOTHBOIOCTABICHHBIX Pe3yabTaToB. PsmoM B Tabnuie
MIPUBEJICHBI 3HAYCHUS CpeIHEl BETMUUHBI, B TIEPBO Tpade co 3HAUCHUSIMH - PE3YIITaThl BCEX
OTIPOLICHHBIX, Jajiee IMOKa3aTeNu pa3/iesIeHbl 10 [EJIEBBIM IPYIIaM: JIOIEHTHI/TIperoiaBaTe-
7, CTyACHTHI — OyIyIIHne CrennuaInucTsl B chepax, He CBI3aHHBIX C 00pPa30BaHUEM, U CTY/ICH-
ThI NIEJATOTUYECKUX CIEIUAIBHOCTEH.

YOK 378:502/504

TO THE QUESTION OF THE ENVIRONMENTAL EDUCATION:
HOW LANDSAT TM, ETM+ AND MSS IMAGES CAN BE PROCESSED
BY GIS-TECHNIQUES FOR GEOSPATIAL RESEARCH

Lemenkova Polina Ilenv Oannoz0 uccnedo8amus 3axaovaemcs 6 oOe-
Kapnos yHusepcurer, MOHCMPAUUU  NPUMEHEHUS  CNYMHUKOBbIX CHUMKOS
r. Mpara, Yexus Landsat, a maxxe I'VIC 6 xauecmee 0cHO8HO20 pecypca

07151 CMyOdeHuecKux HayuHo-uccne008amenvckux u oopa-
306amenvHuix pabom no akonozuu. /lanocam senaromecs
aPpPeKmusHoIM U peKOMeHOYeMbiM CPedcmeom UHPop-
Mayuu 015 Hayk 0 3emie, 0COOeHHO 071 CMYOeHM 08, M.K.
oHU npedcmasngiom co6oti KocmocHumku ¢ 30-mempo-
8bIM paspeuienuem, pacnpocmpansemvimu 6 c60600HOM
(m.e. 6ecnnammnom) docmyne no unmeprem. CHUMKU pe-
2YNIAPHO 0OHOBAIOMCA U NOKPLIBAIOM TH00YI0 meppumo-
puto nnanemol. JJannas paboma npedcmaensem nouia-
2080e OemanvHoe 00vACHeHUE KOHKPeMH020 NPUMeHEHUS
CHUMKOB 07151 KApmozpagduposaHus IKOCUCIEM.

The emphasis of this research is to demonstrate
application of Landsat satellite imagery as a major resource
for student and educational research. Landsat images are
highly useful and strongly recommended for educational
purposes as they are provided free of charge and timely
regular geospatial data with 30-m resolution covering any
places of the Earth. The case study describes mapping land
cover types in ecosystems. It details how exactly satellite
images can be used for geospatial research step by step.
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The Landsat is a series of imagery received from the Earth-observing satellites jointly
managed by NASA and the U.S. Geological Survey with capacity to assess vegetation patterns
and land cover types by various sensors [3]. The overall resolution of the Landsat scenes is
rather coarse comparing to such sensors as Quickbird, SPOT or ASTER. However, the scale
coverage by the Landsat TM and ETM+ imagery in evaluated as «visible with effort» for
medium scale images and “moderately visible” for the large-scale scenes, which is suitable and
acceptable for the scape of our research. In the current research I used orthorectified Landsat
Thematic Mapper (TM), MSS and Enhanced Thematic Mapper (ETM+) data in Geographic
Tagged Image-File Format (GeoTIFF) acquired over the area of Bovanenkovo region, Yamal.
The images cover study area for different time periods, with a total time span of 12 years:
1999, 2001, 2007, 2009 and 2011. Additionally, SPOT and ASTER images for year 2001 and
a mosaic of several images have been used.

The choice of Landsat data application for land cover mapping is explained by its 30-m high
spatial resolution, well-known advantages of application of the Landsat scenes in research and
cartography, almost 40 year old history of the image record, successful distribution and open
availability [1]. The research data included in total a subsequent mosaic of neighboring Landsat
scenes, which shows area of Yamal composed from different images, and nine separate scenes,
all of which are taken in growing season, i.e. from spring to early autumn. The mosaicking
of the area has advantages of ‘chain’ classification of larger extends comparing to a single
image, which has been tested previously [2]. After review of the available resources, Landsat
scenes were selected for the pair analysis: Landsat TM scenes for 1988-08-07 and 2011-07-14
and Landsat ETM+, 2001. The choice is made due to their spatial and temporal suitability for
analysis of change detection. Thus, they cover the same area and their time span is reasonably
broad for the change detection: 23-years in total and 10-13 years between each image, so that
we can analysis gradual and progressive trends in land cover changes. These images are taken
in growing season, i.e. in August and July, respectively. Therefore, the vegetation coverage
can be detected and well distinguished.

Table 1 - Inventory of the research data covering Yamal Peninsula,
Bovanenkovo region

Imagery ASTER ™ ETM+ | ETM+ MSS ™ ™ Mosaic | SPOT

type
Acquisition | 2001 | 2009- | 1999- | 2001 | 1985- | 1988- | 2011- n/a 1993-
date 07-31 | 08-08 07-28 | 08-07 | 07-14 07-29

Data pre-processing. The research methodology is based spatial analysis tools of the open
source GIS software: Quantum GIS and ILWIS GIS. The pre-processing of the imagery included
data import and settings of colors and contrast. The contrast of the Landsat TM imagery has
been enhanced using «Stretch To MinMax» function in QGIS viewer. The series of Landsat
TM images, which cover Bovanenkovo region in Yamal peninsula with 30-m resolution, were
initially stored as raster file in Erdas Imagine (.img) format. Therefore, the initial working step
consisted of data import. The images were imported to ILWIS from .img into ILWIS .mpr
raster map format (ASCII) using GDAL (Geospatial Data Abstraction Library) in main ILWIS
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menu. After converting, each image contained collection of 7 Landsat raster bands, as well
as theirs metadata stored in Map List (.mpl) file, information about georeference (.grf) and
coordinate system in .csy file. The new created imagery were automatically associated with
Domain Type «Image» in ILWIS, usually used for raster images and adjusted for file types
containing pixel values between 0 and 255 for each band. Thus, the images are stored in the
ILWIS GIS system using their pixel values, or the digital numbers (DNs), represented from
black (0 values) to absolute white (255 value) colors in the system representation “Gray” [4].
The pyramid layers were created for image each data set, in order to accelerate the display of
large raster images.

Geographic referencing (UTM). Vitally important step in the data pre-processing includes
setting of the coordinate system and geographic projection. The coordinate systems of the
Landsat imagery is based on the WGS 1984 datum, and ellipsoid WGS84, however the raw
data initially have undefined projection. To set up the projection we chose the Coordinate
System Projection menu in ILWIS. The exact location was defined using information about
location of research area of Yamal Peninsula: eastern Zone 42 and northern Zone W [5].
Therefore, 1 selected UTM (Universal Transverse Mercator) projection, zone 42. The last
step includes geo-referencing corners in two diagonal corners of the map, where the extreme
coordinates for the selected image are given in degrees. The georeferencing was performed
using Georeference Corner Editor in ILWIS. After imagery was projected, the Graticule option
enabled to add longitude and latitude lines on the image map. Finally, the resulting images
contained true information about their geographic location.

Image enhancement. To improve the quality of image and visibility of coastal lines, the
image enhancement of the Landsat bands was performed using Edge Enhancement linear filter
from the Image Processing menu. Stretching filter was applied to the bands, in order to improve
color contrast: since not all pixel values have been used in the image, the actual diapason range
was stretched linearly to 0-255 values. As a result, colors contrast has been sharpened. Using
selected MapList in catalog enabled to batch filter operation for all dependent objects, i.e. for
all bands together. The radiometric correction was not applied for these data, as among optical
disturbance factors, I only scanned for clouds, excluding haze, fog and other possible optical
effects.

Color composition. To visualize spectral information from the Landsat image, a color
composite map has been created using combination of three raster images of the individual
bands. Various band compositions in ILWIS were tried, in order to find out best visualization
of landscapes. Three image composite types were tested: false color composite, pseudo natural
and true colors composite. As false color composite (4R-3G-2B) includes infrared band, the
shallow water boundaries are shown clear and gradually, though vegetation is in red shades.
True color composite image consists of bands 3, 2, 1 for RGB, but the contrast of this image
is not suitable for vegetation analysis. The SWIR colors (Short-Wavelength Infrared) better
highlights vegetation coverage with the 7th band displayed in shades of red, the 4th - in shades
of green and the 2nd band shown by blue. Finally, pseudo-natural color composite, which shows
vegetation in hell green contrast shadows, the linear stretching was applied for the following
bands combination: 7 for Red Band, 4 for Green Band and 2 for Blue Band, respectively. The
first band was not used, as scattering at the short wavelength blue light is maximal, comparing
to other ones. It is more suitable for aquatic research and water observation.
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Supervised classification of the raster imagery includes image analysis aimed at recognizing
class membership for each pixel. The «a priori» knowledge of the location and identity of
various landscape features and land cover types are indispensable for correct classification,
but in the areas with uncertainness in recognizing land cover type, unsupervised classification
may be applied. The next step was clipping the area of interest on the images. Some parts of
the Landsat scenes were covered by ocean, which was necessary to study, as well as clouded
areas in the upper-right corner. Both areas of water and clouds were excluded from research.
Besides, I needed more detailed and large-scale area to improve results accuracy. Therefore,
the images have been masked. Using polygon tools I selected representative area in the center
of the image, mostly occupied by willows and shrubs and avoided coastal areas. In further
steps I worked only with this area of interest. Shadows of green colors represent grass, shrub
vegetation coverage and forest canopy, and belong to different classes. The respective pixels
are selected in Sample Set Editor, ILWIS GIS.

The main research method used in current research is supervised classification, which
enabled to assign land cover classes by adjusting classification parameters and thresholds
in DN values of spectral signature of pixels. The principle of Minimum Distance method,
used for pixels classification is based on the calculating of 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 connected with 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.
The researched described successful application of Landsat remote sensing data and GIS for
environmental studies.
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