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ABSTRACT 
 

Land use planning is one of the major management issues of protected areas. A major 
prerequisite for this purpose is depicting the present condition of the land utilization. In this 
paper, we report on the application of a hybrid approach for providing the land use and land 
cover map of the “Ghamishloo” wildlife refuge, in the vicinity of the City of Isfahan in the 
central plateau of Iran. Using Landsat7 ETM+ data within a GIS environment we carried out 
the geometric correction based on 27 ground control points which resulted in a RMSE of 
0.50 pixels. Topographic correction was implemented using a digital elevation model of the 
area. The vegetation cover share was determined through several indices of which SAVI 
index gave the best results. Using the vegetation cover percentage and the image values in 6 
bands of the ETM+ imagery, we produced the land use and cover map of the area through 
the hybrid image classification approach. Six classes of land use and land cover was defined 
including agriculture, poor pasture, moderate pasture, salt marsh, rock, and residential. And 
we produce 16 classes by unsupervised classification then we compare these methods and 
choose the best methods for prepare land use and land cover map. The accuracy of the 
produced map was calculated at Kappa index of 88% and the total accuracy was 93%. The 
results successfully demonstrated the applicability of Landsat ETM+ data for producing land 
use and land cover map of the area of study.            
 

Key Words :  Ghamishloo wildlife refuge, Hybrid Classification Method, Kappa index, 
Land cover classification, Image processing 
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INTRODUCTION 
Preparation of land cover map is required in 
support of environmental and natural 
resources management. Furthermore, land 
use planning and understanding the potential 
and capacity of land demand well prepared 
land cover maps. In this process, land cover 
data along with basic data have an important 
role in natural resource management. 
Understanding the role of land-use in natural 
resource management and environmental 
change studies requires the availability of 
spatial land-use data. On the local scale, 
historical aerial photographs and farming 
systems studies may help to generate these 
data and on a national or regional scale the 
collection of land-use data has to rely mainly 
on the availability of statistical, non-spatial 
data and satellite imagery. 
Land cover maps also facilitate commu- 
nication with politicians and legislators who 
are in the business of supporting and funding 
such development projects. According to 
IUCNi (IV class) classification of wildlife 
refuge does not only have protection goals, 
and their biophysical resources are being 
used1.These types of land uses are managed 
by legal and political environment. 
Therefore, they strongly need environmental 
planning to protect their entity and values 
more than other areas of IUCN. Without 
environmental planning these areas could be 
used against their potential and finally 
neutralize their protection purpose. The main 
goal of land use planning is to use each part 
of on area in way that it brings maximum 
social advantages to the environment and the 
population. 

One basic principle of environmental 
planning is that land use image is a key 
element for policy makers, researchers, and 
decision makers in agriculture. Remote 
sensing science and geographical 
information system (GIS) are used frequently 
for initializing capability and compatibility 
analysis. These methods have been very 
important for matching the capability of 
areas with their diverse use and producing 
land use maps. 
Supervised classification and unsupervised 
classification are two common methods of 
image data classifications and each method 
has its own advantages. The supervised 
classification method involves a training 
stage, which allows the input of analysts’ 
experience into image data classifications. A 
number of algorithms for grouping pixels 
into information classes have been made 
available from regular image data analysis 
software packages. The unsupervised 
classification method can automatically 
generate almost unlimited number of spectral 
classes, which are solid spectral foundations 
for generating information classes. To 
increase the automations and improve the 
accuracy of image data classifications, an 
integrated algorithm called HIDCA (Hybrid 
Image Data Classification Approach) that 
takes advantages of both classification 
methods is demonstrated in this study. 
There have been a large number of 
researches focusing on land use and land 
cover conducted by experts of remote 
sensing.  
Zahedifar et al.20 produced land use map of 
Bazoft River basin by using TM sensors. 
Inspected classification criteria were 
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performed in the studied area by using 
maximum likelihood method with 87% 
kappa index.  
Farajzadeh et al.2 determined land use 
suitability for various land uses like 
agriculture, tourism, afforest and ranch by 
using GIS function and multicriteria 
evaluation method. In this paper, with help of 
TM sensors and supervised classification 
method and maximum likelihood 
classification, the map of land use 
classification was produced. 
Leo provided land use map of north of China 
in 1:600000 scale by using landsat sensor 
data (MSS). Prokash and Gupta12 provided 
land use map and their changes in coal mine 
in Jaharia (India) by implementation of IRS 
and Landsat satellite data. They classified 
various land use classes by using remote 
sensing data and then specified different 
types of optimized uses of these areas. 
Kamusok et al,7 used ETM+, MSS and TM 
images to show the changes of land uses and 
land cover in Zimbabwe. Hybrid method was 
used in this research. They separated 
residential area and arid lands and provided 
land use and land cover map by overlaying 
various layers. 

MATERIAL AND METHODS 
Study area 
Ghamishloo wildlife refuge is located in 
Isfahan porovince, Iran. Ghamishloo wildlife 
is located 45 km North West of Isfahan city. 
This area is specified by natural enrichment 
of plants and animals. The area is located at 
50ْْ 52 َ 32 ً to 51 ْ 28 َ 09 ً east longitude and 32 ْ
43 َ05 ًto 33 ْ04 َ08 ًnorth latitude with an area 
of around 85650 hectares. The lowest height 

of area is 1687m from sea level in southern 
part of region. The region’s climate varies 
from arid to semi humid based on Domarten 
method, and has cold and dry climate and 
semi cold and dry based on Emberger 
method. Main parts of this area contain 
mountain areas and mount hills. 
February has the most precipitation in the 
year; September is the driest time in this 
study area. Vegetation cover is very poor and 
only tolerable species in the valley and on 
heights are seen. Type of plants in the region 
is Xerophytes which are resistant to heat. 
Dominant species are Artemisia and spiny 
species. There are different types of wildlife 
especially Capra aegagrus , Gazella 
subgutturosa,  and Ovis orientalis Isfahanica. 
Fig.1 shows the location of the study area. 
Data 
The following data and images were used in 
this study: 

 Seven bands of ETM+  sensor from 
landsat satellite 

 Topography maps of 1:50000  scale and 
Digital Elevation model(DEM) of the 
study area. 

Preprocessing Images 
First of all a scene was cut from the 
investigated area of image on a larger scale, 
then it was geo-refrenced by using 27 ground 
control points with RMSEii=0.50 pixel. 
Because some part of area is mountainous, 
topographic correction was performed by 
using DEM of area and metadata images. 
Atmospheric correction and topographic 
normalization were performed on the image. 
These methods can improve classification 
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results4,16. Topographic correction and 
atmospheric influence can concurrently 
avoid overcorrection common to simple 
topographic normalizations such as the 
cosine-correction14. 
Image enhancement 
The following methods were used to increase 
images resolution and highlight the 
phenomena: 
 

Producing false color composite (FCC) 
image to increase resolution of image by 
using 3 bands of ETM+ sensor (Band 2, 3, 
4), near infrared (Band4), red (Band 3) and 
green (Band 2), respectively. Performing 
PCA analysis of 6 main bands of ETM+   
Implementing various plant indexes like 
NDVIiii, PVIiv, RVIv, DVIvi, SAVIvii, 
MSAVIviii, TSAVIix by using two bands of 
3,4. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Location of case study in Iran, Isfahan province, Ghamishloo wildlife refuge (Iran) 



Journal of Environmental Research And Development        Vol. 5 No. 2, October-December 2010 

283 

 

 
Fig. 2 : Faults component color (FCC) map of Ghamishloo wildlife refuge (Iran) 

 
Image processing 
Density Slicing 
To provide plant vegetation map, various 
plant indexes such as PVI3, PVI1, MSAVI, 
NRVI, ISAVI, PVI, SAVI, RVI, and NDVI 
were provided and the soil reflection was 
controlled. 
A sample of 40 plots with 3020 dimensions 
of area was selected through expert 
investigation. Some points were taken by 
using GPS. Attempt was made to select those 
plots which were rather away from roads, 
and had appropriate spatial representation of 

each class of land. Plots were also sampled 
from safe and important study areas. 
The soil line equation was used to provide 
plant indexes such as MSAVI1, PVI3, PVI1, 
PVI, ISAV1, DVI, for this purpose on NDVI 
image in the amount which they were 
regarded as bare soil from field inspection 
was specified, and by re-classification on 
NDVI index, soil layer was separated from 
image. Soil equation for producing PVI2, 
PVI3, TSAVI1, indexes was made by using 
soil layer and performing linear regression 
between bands 2, 3 
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Y=-1.116649+0.473573X 
In the next step equation for PVI, PVI1, DVI, 
WDVI, MSAVI indexes was provided by 
changing the dependent and independent 
variables.  The equation is as fallows.  
Y=2.774737+2.103717X 
By using line gradient and soil intercept 
equations were provided to produce the 
intended plant indexes using 2, 3 bands were 
performed. 
By using field inspection from plant canopy 
cover percentage of area, each plot data was 

saved through the related software, and 
converted to vector format.  
Different indexes were calculated, linear 
regression between canopy amounts of plots 
was obtained and regression coefficient was 
calculated for each index. Finally, it was 
determined that SAVI plant index had the 
largest correlation with canopy percentage of 
sampling cover of area. The map of canopy 
percentage of plant cover was produced by 
using SAVI index (Table 1). 

 
Table1 : Calculated indexes and equations 

 

 
Based on the field study information and the 
previous observations, the area is very poor 
in plant cover. The areas was divided to 
categories of poor range (0-10%), medium 
range (10-30%).  

Unsupervised classification 
In this method, Cluster analysis of all images 
bands was used to investigate spectral classes 
of different land uses. The software was 

ERDAS 8.4 and the map was divided into 16 
classes. 
Authors such as Yang and Lo and Mundia 
and Anyia have conducted land cover 
classification using unsupervised ISODATA 
classification algorithm11,19.  
Supervised classification 
After providing land cover and land use, 
non-supervised classification, which defines 

R Equation Index R Equation Index 

0590 Y=0.206X+60.782 WDVI 0.821 Y=0.8516X+4.9574 PVI1 

0.828 Y=72.365X+45.39 SAVI 0.821 Y=0.8516X+4.957 PVI 

0.801 Y=-41.575X+90.938 RVI 0.822 Y=108.29X+45.386 NDVI 

0.004 Y=-0.0489X+6.0764 PVI3 0.821 Y=0.3656X+5.9719 DVI 

0.821 Y=0.8516X+4.9574 PVI2 0.139 Y=-0.0363X+12.97 TSAVI1 
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spectral characteristics of ground surface 
with known usage, field inspection and 
topographic maps investigation on FCC 
image of each year, pixels which were actual 
representative for usage reflex or expected 
cover were used to provide training regions. 
Next, these regions were defined to ERDAS 
software to perform the inspected 
classification on images by using maximum 
likelihood method. 

Therefore, some polygons were created on 
FCC map as signature files, and then formed 
in the shape of group file. 6 Various land 
uses have been considered in this step 
regarding the field inspection.  Shalaby and 
Tateishi15 used maximum likelihood supe-
rvised classification and post-classi-fication 
change detection techniques for providing 
land cover map in the Northwestern coast of 
Egypt.
 

           
Fig. 3 : The map of canopy percentage of plant cover by using NDVI (left) and SAVI (right) index 

respectively. 
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Principal Component Analysis (PCA) 
When visualizing data in a GIS, one is able 
to map several variables and their 
distributions, but it is often difficult to 
determine the relationship of these variables 
clearly. To show the interrelationship 
between data and variables there is a need to 
integrate statistical analysis into the GIS. 
PCA is a robust statistical technique to 
reduce data and develop composite variables. 
The GIS can take the data and display the 
spatial tendencies. 
Principle Component Analysis is a statistical 
technique to analyse individual 
measurements that are correlated. Through 
the use of statistical groupings, the 
measurements are organized into 
components. 
PCA analysis has been widely used in 
classification of Remote Sensing images 
because of the multi-dimensional aspect of 
spectral analysis. So PAC was used in this 
paper.  
Hybrid method 
In this method , classification was performed 
by various processes on images, different 
information layers like PCA  and making 
different indexes and also providing different 
cover layers and land uses and combining 
them together with GIS  technique to provide 
land cover /land use maps, cover map was 
divided in to 2 groups by using SAVI index 
and sampling. 
With PCA analysis and re-performing of 
classification methods, rock and stone layers 
were separated, and by using NDVI index 
layer farms and gardens were separated, 
Residential area layer was specified by GPS 
and was separated from image, then salt 

marsh layer was specified, separated and 
provided.  
In the end, different layers were removed 
from cover layer and after providing various 
layers all uses were identified and joined 
together by various GIS methods in ERDAS, 
and land use map for 2007 was provided.Lo 
et al. deduced that a hybrid method could do 
better than other methods in providing land 
use map and also decreasing the possibility 
of various pixels to be joined together.8 

RESULTS AND DISCUSSION  
In summary, it may be best to combine 
unsupervised and supervised classification 
techniques. Three uses of hybrid approaches 
can be distinguished: first, unsupervised 
clustering is useful to stratify input images 
prior to subsequent supervised 
classifications8,18 second, unsupervised 
methods can reveal spectrally homogeneous 
areas for optimized training and ground truth 
collection10,13 and third, manually collected 
training data can be clustered into spectrally 
homogeneous subclasses for use in a 
subsequent supervised classification1,17. 
Thus, hybrid approaches bear significant 
potential to overcome difficulties in 
delineating appropriate training samples for 
complex mountainous study areas. 

Using satellite images is an important 
resource in natural resources management.  
Using these images in different fields could 
highlight abilities and restrictions of them. 
Important thing is to investigate potential of 
these data regarding growth improvements of 
spectral and special capabilities of this data. 
Topographic correction was performed by 
using DEM and Metadata of image, and then 
geometric correction with the help of 27 
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ground control points and appropriate spatial 
and using first grade equation root error 
amount of Average Square (RMSe) equal to 
0.63 pixel took place. After analyzing simple 
linear regression among performed sampling 
land cover and NDVI index, map model of 
canopy cover percentage by 0.83 coefficients 
was given as follows: 
Y=72.36X+45.39 
Plant cover map of area was divided in to 
two divisions by using the produced model 
from SAVI plant index and ground sampling. 
There is no forest in Ghamishloo wild life 
refuge because it’s located in the arid and 
semi arid area. There is poor plant cover and 
long distance from its climax, so the good 
range can't be observed in this area.In this 
research, NDVI, SAVI, RVI, PVI2, PVI1, 
DVI, PVI indexes showed high correlation 
coefficient with canopy cover percentage. 
PVI3, WDVI and TSAVI indexes had lower 
coefficient than the above indexes. After that 
we use unsupervised classification and 
divided in to 16 classes by ERDAS Software 
and use supervised method and divided to 6 
classes. 16 and 6 various land uses have been 
considered in those methods. 
GPS device helped a lot to increase speed 
and accuracy of producing map of ground 
situation, and made it possible to collect 
more points in regions which had a wide 
range, removed sampling in the form of 
point, and provided as raster (one-pixel) in 
comparison with common and ordinary 
methods. By using multiplication and 
addition and so on in GIS program, different 
layers of land cover and use have been 
merged together and the map has been 
divided into 6 classes by hybrid classification 

method. To specify the accuracy of provided 
map, 40 ground control points were selected 
randomly by GPS device. After collection 
and control of the points on layers, they have 
been separated by polygon, and confusion 
matrix was produced for the provided 
classes. Fig. 2 shows the final land cover and 
land use for Ghamishloo wildlife refuge. 
Land uses in the region were divided to 
garden and agricultural lands, residential 
region, poor range, medium range, rock, salt 
marsh lands; they will be described in details 
below:  
Agriculture and cultivation 
Ghamishloo wildlife refuge is not important 
from agricultural point of view. It has been 
seen around a few villages and there are just 
a few small farms on western submontane. 
This region is about 0.4 percentages.  
Residential areas 
Spatial of residential areas are more 
observable in wildlife coast and there is no 
village in the central areas. This region is 
about 0.019 percentages. 
Medium range 
Range plants of Ghamishloo wild life refuge 
was divide in to two main groups of 
perennial and annual plants. This region is 
about 0.84 percentages. 
Poor range 
This range accounts for most of the region 
and its main plants are: 
Anabasis aphylla , Astragalus podolobus,  
Astragalus tribuloides,  Euphorbia micro-
sciadia, eupherbia Spp, Halophylla tuber-
culatum, Cerasitum infatum, Erudium cicuta-
rium. This region is about 92.48 percentages.



Journal of Environmental Research And Development        Vol. 5 No. 2, October-December 2010 

288 

 

 

Fig. 4 : Preparing unsupervised classification (up) and supervised (down) classification method map 
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Table 2 : shows area of land use and land cover class of regions 

Residential 
area 

Salt 
march 

Garden 
and 
agriculture 

Rock 
and 
stone 

Medium 
range 

(10-30%) 

Poor range 
(0-10%) 

Land 
use/cover 

16.6 40.60 341.31 5320.60 720.92 79210.23 
area 

(Hectares) 

0.019 0.047 0.4 6.21 0.84 92.48 percent 

 
Salt marsh lands 
Salt marsh land is seen in a few regions. This 
region is about 0.047 percentages. Table 2 
shows area of each land use classes by 
hybrid method. 
After providing land cover and land use 
maps, accuracy of produced maps was 
investigated by comparing it with ground 
truth.  
For all maps, total accuracy, kappa index, 
commission and omission error were 
calculated. Table 3 shows the accuracy of 
plant cover and land use map by hybrid 
method. In confusion matrix, commission 
error defines pixels from one class which are 
not actually owned by it and omission error 
defines pixels from one class which belong 
to other classes. 
In this paper, land use map by hybrid method 
was prepared by providing different layers 
and combining them together. Because there 
was similarity in reflects residential layer 
was separated from plant cover layer and 
also agriculture and garden layer from 
vegetation cover layer. After that, rock and 
stone layer was provided by the first element 
of PCA analysis. 

Darvishsefat2 made an acceptable sampling 
of 3 to 4 percent of area to determine 
accuracy of produced map. To investigate the 
accuracy of them, there was a sampling from 
each division which included at least 3.2%of 
the region. The most land use was a medium 
ranch which is around 92%of area, and after 
that, rock and stone with 62%. Results 
showed that kappa coefficient for providing 
map is 88% and Total accuracy kappa 
coefficient for the provided maps of land use 
and cover by combined classification method 
was 93%. 

CONCLU SION 
Confusion matrix of land cover and land use 
map shows an acceptable accuracy for the 
provided map by hybrid method. These types 
of maps have a lot of capability for 
management, and help for protective goals. 
Land  cover and land use maps with high 
accuracy can investigate and manage 
protected areas and wildlife refuges. By 
providing land use /cover maps disable and 
deserved management can be performed in 
the wild life refuge and protected area. 
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Table 3 : Accuracy assessment of land cover/land use by ETM+ image 

 

Commi
ssion 
error 

Total 
pixel 

ResidentialSalt 
march 

Garden 
and 
agriculture 

Rock 
and 
stone 

Medium 
range 
 (10-30%) 

Poor 
range   
(0-10%)

 

0.0395 47097 0 0 47 162 1649 45239 Poor 
range 
(0-10%)

0.0165 4355 0 0 72 0 4283 0 Mediu
m 
range 
(10-
30%) 

0.1348 13634 0 0 0 11796 563 1275 Rock 
and 
stone 

0 2611 0 0  2611 0 0 0 Garde
n and 
agricul
ture 

0 341 0 341 0 0 0 0 Salt 
march 

0 467 467 0 0 0 0 0 Reside
ntial 

 68505 467 341 2730 11958 6495 46514 Total 
pixel 

 0.055 0 0 0.0436 0.0135 0.3406 0.0274 Omissi
on 
error 
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Fig. 5 : Finalland cover and land use map of Ghamishloo wildlife refuge by hybrid method 
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