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Abstract

Environmental problems are among the major problems facing
humankind in the recent century, and so far, various indices
have been proposed and examined to assess them.
Accordingly, in this study, to evaluate the ecological
environmental quality (EQ) of 500 pixels (pixel area=1km?)
around the city of Tabriz (center of East Azerbaijan Province)
and 500 pixels around the city of Rasht (center of Gilan
Province), Iran, with different climates, the EQ index has been
investigated using Artificial Neural Networks (ANN) and
remote sensing techniques. Eco-environment Background
Value (EBV) based on a scoring and ranking system, was used
to evaluate EQ. The higher the EBV, the better the ecological
environmental quality. For the modeling, indicators including
vegetation index, wetness index, Land Surface Temperature
(LST), and Digital Elevation Model (DEM) data as well as
precipitation and temperature were exploited as input of the
three-layer back propagation artificial neural network
(BPANN) model. The average of the data for the past 8 years
for these indicators for the study regions were entered the
network; once seasonally and once annually. The analysis
showed that the ANN model has acceptable performance for
estimating complex environmental functions, which are
affected by various environmental parameters. The best
performance of the network was obtained for Tabriz region in
the spring with a root mean square error (RMSE) of 0.02 and
coefficient of determination (R?) of 0.95. The better network
performance for Tabriz compared to Rasht may be due to the
weakness of the remote sensing tool in examining areas like
Gilan with high vegetation density (VD) and high relative
humidity (HRH). It seems that the high VD and HRH impede
proper reflection without deviation from the land surface and
disrupts the reception of the required data. Analyzing the
spatial correlation between EQ and the land uses, it was found
that forest lands were the best eco-environmental area, whereas
the urban area had the relatively worst EQ. Human activities
are a major impact on the EQ in this area.
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Fig. 1- The study area, (A) case study in East Azerbaijan Province (Tabriz), (B) case study in Gilan province
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Table 1- The scoring and ranking system of the eco-environmental background value (Shi et al., 2007)
(Shietal., 2007) EBV (g3, -Y Jgua

Rank EBV Eco-environment Topographical Vegetable cover/Land Humidity and
range type condition cover heat
High coverage ratio
| 500-450  broadleaf, conifer & Moderate mountain Evergreen broadleaf 70-80% Shady and
broadleaf mixed (1000-1200 m) forest; Tree cool
eco-environment cover >90%
type
1 450-400 Moderate coverage Low mountains (500— Subtropical conifer and 60-70% Shady and
ratio 1000 m) broadleaf cool
conifer & broadleaf mixed forest, deciduous
mixed broadleaf forest; Tree
eco-environment cover is
types 80-90%
11 400-350 Low coverage ratio Low mountains (500— Conifer forest: fir, 40% Shady
conifer 1000 m) horsetail forest
eco-environment
type
v 350-300 Shrub eco- Various hilly and Evergreen broadleaf 50-60% Warm
environment type mountainous forest, shrub
lands
\Y 300-250 Meadow & Top of moderate Meadow, bunch grasses 30% Cool
brushwood mountains (gramineae)
eco-environment (>1200 m)
type
VI 250-200 Economic forest Costal low hills and Orchard garden, tea 30% Warm
eco-environment uplands, garden,
type valley bamboo
VII 200-150 Wetland eco- Plain farmland Irrigation farming 50% Dry and heat
environment type
VIl 150-100 Avrid & barren land Peninsula, sand beach Dry farming 20% Dry and heat
eco-environment
type
IX 100-50 Artificial Plain Residential area, 20% Dry and heat

construction
eco-environment

type

buildings
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Fig. 3- NDVI map of the studied areas, (a) areas studied in E-Azerbaijan in Spring, (b) areas studied in E-

Azerbaijan in Summer, (c) areas studied in E-Azerbaijan in Autumn, (d) areas studied in E-Azerbaijan in
Winter, (e) areas studied in Gilan in Spring.
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Fig. 4- NDMI map of the studied areas, (a) areas studied in E-Azerbaijan in Spring, (b) areas studied in E-
Azerbaijan in Summer, (c) areas studied in E-Azerbaijan in Autumn, (d) areas studied in E-Azerbaijan in
Winter, (e) areas studied in Gilan in Spring
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Fig. 5- LST map of the studied areas, (a) areas studied in E-Azerbaijan in Spring, (b) areas studied in E-
Azerbaijan in Summer, (c) areas studied in E-Azerbaijan in Autumn, (d) areas studied in E-Azerbaijan in
Winter, (e) areas studied in Gilan in Spring
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Fig. 7- DEM map of the studied areas, (a) areas studied in E-Azerbaijan in Spring, (b) areas studied in Gilan.
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Fig. 8- Eco-environmental background value (EBV) map of the studied areas, (a) areas studied in East
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Fig. 9- Schematic of proposed ANN
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Table 3- Results of the study
o3 5l Jols @l -V Jgaa

Study area Time step-Season RMSE R (train) R (test)
Seasonal-Spring 0.0219 0.9978 0.9961
Seasonal-Summer 0.0443 0.9888 0.9719
Tabriz Seasonal-Autumn 0.0284 0.9972 0.9832
Seasonal-Winter 0.0673 0.9872 0.9346
Annually 0.0486 0.9921 0.9822
Rasht Seasonal-Spring 0.0303 0.9965 0.9798
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Fig. 10- Comparison of computed and observed EBV, (a) comparison in spring in E-Azerbaijan regions, (b)
comparison in summer in E-Azerbaijan regions, (c) comparison in autumn in E-Azerbaijan regions, (d)
comparison of computational and observational EBV in winter in E-Azerbaijan regions, () comparison of
computational and observational annual EBV in E-Azerbaijan, and (f) comparison of computational and
observational EBV in spring in Gilan regions
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1- Geographic Information System

2- Artificial Neural Network

3- Back Propagation

4- Analytic Hierarchy Process

5- Sparse Principal Component Analysis
6- Multilayer Perceptron

7- Eco-environment Background Value
8- Normalized Difference Vegetation Index
9- Normalized Difference Moisture Index
10- Land Surface Temperature

11- Digital Elevation Model

12- Route Mean Square Error

13- Train

14- Test

15- Random
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