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Abstract—Unsupervised
change
detection
analysis
of
multitemporal Landsat imagery of the Chernobyl exclusion zone
shows that the extent of the impact of the accident at the
Chernobyl nuclear power station on the regional land cover was
limited and that the long-term effect is dominated by natural
‘greening’ of the area.
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I.

INTRODUCTION

Large quantities of radioactive material were released into
the atmosphere as result of the accident and subsequent fires at
the Chernobyl nuclear power station in April 1986. The
majority of the released radioactive material was deposited
within 100 km of the power station, while the remainder of the
released material was transported all across Europe. Deposition
densities vary widely, also in the vicinity of the power station
(Fig. 1), with deposition being largely controlled by prevailing
wind direction and rainfall at the time of the accident.

Figure 1. Deposition densities in the Chernobyl exclusion zone.

The effects of the nuclear accident on the local vegetation
were twofold: 1. In areas with very high radioactive
contamination levels, the radiation caused acute mortality of
the most radiosensitive tree species, Scots pine (Pinus
sylvestris). Other common species, such as Silver birch (Betula
pendula) were less radiosensitive, but still suffered severe
vegetation stress in localized areas [1]. 2. Following the
accident, an area of about 30 km around the Chernobyl power
station was evacuated and has remained closed ever since, the
Chernobyl exclusion zone. This area, which was a mixture of
agricultural land, forestry, marshlands, and urban areas (Fig. 2),
has been mostly free from human intervention since 1986 and
outside the highest contaminated areas both the flora and fauna
have flourished.
The main objective of this project is to identify man-made
and natural changes in land cover following the accident and
possible correlations between change and contamination
intensity. A further objective is to assess the effectiveness of
unsupervised change detection algorithms to detect land cover
changes from multitemporal Landsat imagery.
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Figure 2. False colour Landsat 5 TM image from 1985.

II.

DATA AND TECHNIQUES

One of the difficulties in change detection is that change is
a continuous variable and includes both gradual changes, such
as seasonal vegetation changes and inter-annual variability, as
well as abrupt changes, such as caused by fire or land use
conversion [2].
With limited prior knowledge or ground data, the two
change detection algorithms that appear most suitable for
unsupervised change detection are: 1. Univariate difference
imaging of single bands, band ratios or vegetation indices, and
2. Post classification comparison, based on the independent
unsupervised classification of the individual images followed
by the pixel-to-pixel comparison of the classes.
A. Preprocessing
Three Landsat images were acquired from the Global Land
Cover Facility [3]: one Landsat 5 TM image from 6 June 1985,
one Landsat 4 TM images from 28 May 1988, and one Landsat
7 ETM+ image from 27 April 2000. Prior to the analysis the
images were co-registered to the UTM zone 36 projection and
corrected for atmospheric effects using a basic dark object
subtraction method [4]. Clouds present in the 1985 image were
masked out. The normalized difference vegetation index
(NDVI) and three tasseled cap vegetation indices, brightness,
greenness and wetness, were computed for each of the years.
All image processing and statistical computation was carried
out using the open source programs GRASS [5] and R [6],
respectively.
B. Univariate differencing
The identification of change and no change pixels through
univariate difference imaging depends on the correct
determination of the change threshold. The change threshold is
often set empirically based on prior knowledge of the area or
visual inspection of the images or at a fixed one or two
standard deviations of the change histogram [2]. If prior
knowledge is limited, a statistically more meaningful change
threshold could potentially be computed through the modeling
of the difference image histogram as a mixture of two or more
distributions [7].

Figure 3. Change histogram of the tasseled cap brightness index
difference image between 1985 and 1988, log-scale (grey). The central,
no-change, peak in the change histogram is modelled as a combination of
3 Gaussians with a fixed mean (solid green curve). Blue and red curves
are Gaussians that indicate positive and negative change. Dotted black
line is the sum of the 5 modelled Gaussians.

on the class separability matrix using Ward's minimal variance
algorithm for matrix agglomeration. The dendrogram was cut
such that the original 50 classes were regrouped into the
desired number of classes (Fig. 4).

In this paper the univariate differencing was carried out on
the vegetation index images and the difference histograms were
modelled as a mixture of three or more Gaussian distributions.
The potentially non-Gaussian central no-change peak is
approximated by one or more Gaussians, with fixed mean of
zero, while both positive and negative change are modelled as
additional Gaussians with a non zero mean (Fig. 3). Once the
Gaussian mixture components are found, the change thresholds
are determined from Bayesian maximum likelihood principles.
C. Post classification comparison
Post classification comparison depends on the accuracy of
the individual classifications, which is difficult to assess for
unsupervised classifications. Here we used a standard
ISODATA clustering of Landsat TM bands 2, 3, 4, 5, and 7 to
obtain an initial 50 classes. These were regrouped into 6 and
later into 4 classes based on hierarchical cluster relationships.
For each date a dissimilarity dendrogram was computed based

1-4244-1212-9/07/$25.00 ©2007 IEEE.

3487

Figure 4. Dendrogram for the 1985 image.

III.

RESULTS AND DISCUSSION

A. Univariate differencing
The vegetation indices that were used, NDVI, brightness,
greenness and wetness, each show a particular type of change.
It became apparent that the tasseled cap brightness index best
identified those changes in land cover of interest in this study.
Figs. 5 and 6 show the results of the changes in brightness
index between the years 1985 and 1988, and between the years
1985 and 2000, respectively. Both positive (in this case a
decrease in brightness in 1988 or 2000) and negative (an
increase in brightness) changes have been identified. Between
the years 1985 and 1988 there was a 5.7% positive change
(red) and a 1.8% negative change (yellow), while between the
years 1985 and 2000 there was a 7.8% positive and a 3.5%
negative change.
The majority of the positive change is in the former
agricultural areas (see also Fig. 2), clearly identifiable by their
rectangular shapes in both Figs. 5 and 6. These are fields that
were bare when the 1985 image was taken. As the area was
abandoned after the accident, the field boundaries have become
less distinct with all fields now covered with vegetation. In Fig.
6, distinct positive changes can also be identified in part of the
Chernobyl complex on the northwestern side of the cooling
lake, around the edge of the lake and in the town Pripyat (Fig.
1), indicating that many manmade structures are now
overgrown.

Figure 5. Positive (red) and negative (yellow) changes in landcover
between 1985 and 1988, based on the tasseled cap brightness index.
Background image is the brightness difference image in grey scale.

The main negative change showing in Fig. 5 is in and
around the Chernobyl complex. This area received the highest
radioactive contamination, which caused acute mortality of
some of the pine forest immediately west of the Chernobyl
complex. In this area many of the highly contaminated trees
were also cut down and buried in order to reduce the risk of
spreading radioactivity through forest fires. The extent of the
negative change around the Chernobyl complex is much
reduced in Fig. 6, indicating that new vegetation has now been
established. A distinct negative change can also be seen along
the banks of the river north of the Chernobyl complex in Fig. 6.
This is a clear manmade structure, possibly built to reduce
flooding or to prevent highly contaminated soil entering the
river. Other negative change areas could indicate burnt forest,
but as the 2000 image was taken earlier in the growing season
than the images from 1985 and 1988, the negative changes in
the former agricultural fields are more likely phonological
changes.
B. Post classification comparison
An advantage of the post classification comparison
technique is that it enables the recognition of the type of land
cover change. However, in order to do so, one needs to be able
to identify the individual classes, which implies some form of
supervised classification. In this study each year was classified
independently and the initial results with 6 classes show a
considerable confusion between classes from year to year. The
main reason appears to be the significant change in number of
land cover types in the former agricultural areas: while in the
1985 image the mosaic of agricultural fields is classified into
three different classes in the 6 class classification, in the later
years this area is classified as one single class, therefore
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Figure 6. Positive (red) and negative (yellow) changes in landcover
between 1985 and 2000, based on the tasseled cap brightness index.
Background image is the brightness difference image in grey scale.

leaving a higher number classes for the classification of the non
agricultural areas. For some preliminary results, the 6 classes
were further regrouped into 4 classes, which roughly
correspond with water, building/bare ground, pine forest, and
other vegetation (grass, crops, deciduous forest).
The post classification comparison of the 4 class images
show a total change of 18.1% from 1985 to 1988 and 25.6%
from 1985 to 2000. This is significantly more than the total

change identified by the univariate differencing of the tasseled
cap brightness images, 8.5% and 11.3%, respectively. One
reason is that the univariate differencing results presented here
are based on one vegetation index, brightness; this vegetation
index may fail to identify changes between vegetation types
and a combination of vegetation indices is likely to increase the
detected percentage of change more in line with the post
classification comparison method.
Tables 1 and 2 show how classes have changed from 1985
to 1988 and 2000, respectively. From 1985 to 1988, 77% of the
building/bare ground class changed to the other vegetation
class. Much of this change is in the agricultural area, where
fields that were bare in 1985 are now vegetated. From 1985 to
2000, this change is even greater, suggesting that previously
build up areas have now become sufficiently overgrown to be
classed as vegetation.
The total negative change, change to the building/bare
ground class, is 3.4% from 1985 to 1988, and 0.8% from 1985
to 2000, not unlike the results from the univariate differencing.

IV.

The univariate differencing method is possibly the only
fully unsupervised method that can identify and quantify land
cover change. However, by using the vegetation index
difference images only certain types of change are identified.
In this study the brightness index appeared to best detect the
major changes, but the choice of vegetation indices, single
bands or combinations to be used is likely to be application
specific.
The post comparison method works well in combination
with visual interpretation of the images and provides important
information on the type of changes. Further research is needed
to investigate if this method can be used for fully unsupervised
change detection.
The analysis has shown that, although there is clear
negative change (loss of vegetation), particularly around the
Chernobyl complex, there is a greater amount of positive
change (increase in vegetation). The analysis has further shown
that much of the damaged vegetation, even in the most highly
contaminated areas, has largely recovered by the year 2000.

TABLE I.
CHANGE IN LANDCOVER CLASSES BETWEEN 1985 AND 1988.
CLASSES CORRESPOND ROUGHLY WITH 1: WATER, 2: PINE FOREST, 3:
BUILDING/BARE GROUND, AND 4: OTHER VEGETATION.
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