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Abstract 
Investigating the rate and the process of land-use change and its economic effects during the last 
years are among the main bases of land management in the future. East Meshgin region in Ardabil 
province is one of the agricultural production centers, where the construction of the Sabalan dam 
developed the agricultural activities. In this research, the six land uses, including rangeland, 
orchard, agriculture, bare land, outcrop, and water bodies during the years of 1998-1999, were 
classified using Landsat imagery. Also, the single and comprehensive dynamic land-use change 
indices were employed to compute the rate and process of land-use change. The land-use change 
matrix is developed in three time periods (1998-2003, 2003-2008, and 2013-2019). The economic 
evaluation of land use has been conducted during this period. The results showed that the highest 
rate of land-use change was converting the rangeland to bare lands. While in the period of 2008-
2013, the highest rate of land-use change was rangeland conversion to agriculture lands that has 
caused increased net income by 4027,258 $. The collected data relates to the total period also 
confirms the change of rangeland use to bare lands. Also, the results of the single dynamic land-
use change model show that in each period, the most change was related to water body land use. 
Among other land-uses, the highest rate of change was related to agricultural land use between 
2013-2019 in the period of Sabalan dam operation. This study is performed to facilitate 
policymakers, planners, and other development stakeholders in this sector to adopt the best option 
for land-use management and sustainable land development. 

Keywords: Land use change dynamics, Economic evaluation, Change matrix, East Meshgin, 

Ardabil, Iran. 

 
1. Introduction 

Land use/land cover change (LULC) is a key basis for the study of natural resource management, 
climate change (Lambin et al., 2003; Y Tasai et al., 2015) and urban planning (Li et al., 2016) as 
well as one of the most important factors in environmental assessment, as a vital tool for assessing 
global change in spatial-temporal scales (Lambin, 1997). The effects of LULC on the sustainability 
of ecosystems have become a considerable issue in research on global change (Kamural Islam et 

al., 2018). With the intensification of various global issues such as population growth, food 
shortages environmental pollution, and climate change, global change has become one of the most 
attractive fields of research in which land-use change is very momentous (Zeng et al., 2008; 
Aspinall, 2004). Land use is an important factor that has been affected by human uses for economic 



 

 

and social expansion. Therefore, it is manipulated by human activities in terms of the structure and 
process of the environment (Hamad et al., 2018). Land-use change is the outcome of human use, 
economic income, and ecological process interactions (He et al., 2008). Therefore, human beings 
and human activities are the constituent factors of land-use change. As a result, land-use change is 
one of the inevitable processes and is the product of the trade-off between human and natural 
factors.  
Land-use change is a dynamic and continuous process (Mondal et al., 2016), which its information 
can play a vital role in natural resource management (Lin et al., 2015). Quantitative measurement 
of spatial land-use patterns and land-use change is important to understand regional land evolution 
and environmental security (Shuhan Liu et al., 2017). Acceptable accuracy in detecting land 
dynamics changes can provide basic data for research on human-nature interactions (Gautam et 

al., 1985; Sen et al., 2015). The land-use change matrix is an important method for describing and 
measuring land-use change and can show the trend of different types of land use (Wen Sun et al., 
2012). Numerous techniques are available for the diagnosis and evaluation of LULC change, 
among which the remote sensing method and the GIS technique have been widely used by 
researchers in the field of LULC studies. Remote sensing techniques have been recognized as a 
powerful tool for obtaining information on the surface characteristics of the earth (Satyanarayana 
et al., 2001) at specific spatial and temporal scales (Liang et al., 2015).  
     Many researchers have studied methods for monitoring land use/cover changes using satellite 
imagery and remote sensing techniques. Yafei Le et al. (2017) have investigated the dynamics of 
land-use change in the Jing-Jin-Ji region of China between 2000 and 2015 using the equation of 
single land-use dynamics and comprehensive land-use dynamics. According to their results, the 
highest degree of single land-use dynamics was related to bare lands, and the main feature of 
dynamic land-use change in the study area is the rapid decline of agricultural lands and the sharp 
growth of urban lands. Shuhan et al. (2017) had shown human activities and the impacts that 
caused ecological land reduction and transformed these lands into other land use classes between 
1996 and 2014 in the Nong'an area. Their findings illustrate that the change between these lands, 
agricultural lands, and residential lands is constantly occurring, and human activity is an important 
factor that has an impact on land use patterns. An increasing trend in urban and agricultural lands 
has been reported by Amini Parsa et al. (2016) in the Naghadeh region of East Azerbaijan in Iran 
from 1989 to 2014. The consequent decrease of bare lands has been quite evident in their results. 
According to their statement, if the management process continues in the same way, the reduction 
of resources and irrigated and bare lands are guaranteed until 2041. This trend in this region, as 
part of Urmia Lake, will have significant impacts on the environment, natural resources, 
ecosystems, specifically on Urmia Lake and human habitation (Anvari & Valaie, 2015).  
 
In a study by Othow et al. (2017), which aimed to investigate land use/land cover change in 
Ethiopia, a gradual increase in agricultural lands from 4% in 2002 to 23% in 2017 has been 
determined. Also, a decrease in forest cover from 23% in 2002 to 18/11% in 2017 was reported, 
which is due to economic exploitation and, as a result, being converted to agricultural lands. The 
other reasons for forest encroachment were forest fires, population growth, deforestation, coal and 
fuel extraction, and poor management of natural resources in the region that had caused soil 
erosion, reducing soil fertility and fauna migration. Kamrul Islam et al. (2018) had studied the 
regional land-use change in Bangladesh between 2000 and 2015 by using Landsat satellite imagery 
and supervised classification of maximum likelihood. According to the results of their study, it 
was found that about 256 hectares of the destroyed forest area have increased during these ten 



 

 

years, an annual rate of 25.56 percent. In another study in Bangladesh, Md Abdollah et al. (2019) 
concluded that in coastal areas, there is a 5.44% increase in agricultural lands, and areas with 
vegetation have a significant decrease during the 2017-2019 years due to human impacts. A study 
by Khawaldah et al. (2020) based on modeling and forecasting approach of land use and 
vegetation cover changes using the Markov cellular automata model in Jordan had shown a 
significant increase in urbanization during the period under review in 1984, 1994, 2004, and 2015. 
According to that study, a trend is expected to increase by 2031, which is mainly due to population 
growth and socio-economic changes. In addition to the above, many studies have been conducted 
in the field of land-use dynamics assessment (De Fries et al. (2010); Zhang et al. (2011); Al-
Razzaq Abd and Alnajjar (2013); Sujatha et al. (2014); Butt et al. (2015); Meshesha et al. (2016); 
Xiangmei et al. (2016)).  
Iran is a rich country in terms of agriculture, and the main occupation of its most villagers is 
agriculture and animal husbandry. East Meshgin region has become one of the agricultural 
production centers of Ardabil province due to the considerable extent of agricultural lands and the 
availability of water because of Sabalan dam construction and operation. This area has experienced 
a significant change in land use from the past till now. In the present study, land-use change data 
from 1998 to 2019 were extracted using remote sensing techniques and satellite imagery. 
Therefore, the main aim of the current research is to apply single and comprehensive dynamic 
change indices to determine the rate and process of land-use changes over the study area. In the 
next step, the economic impacts of land-use change have been evaluated and quantified to estimate 
the quantitative financial consequence of land-use change. 

 
2. Methodology 

2.1. Study area 

East Meshgin region, with an area of 2611 square kilometers in the central part of Ardabil province, 
is located at 47°27´ to 48°16´ east longitude and 38°15´ to 38°55´ north latitude. Based on the 
modified Damarten subdivision, the area has a cold semi-arid climate. The length of dry and semi-
arid and frosty spells is five to eight months, and the average annual rainfall is 300 mm. The 
location of the study area in Ardabil and Iran has shown in Figure 1. 
 



 

 

 
Figure 1: The location of the study area in Ardabil province 

 

2.2. Data collection methods 

The Landsat satellite imagery was obtained from the US Geological Survey's Natural Resources 
Observation Terminal Database website. The satellite images were chosen based on the 
geographical coordinate system (UTM) of the study area in WGS1984 and 39-North zone extent. 
The satellite images were prepared for the pre-processing procedure by ENVI 5.3 software. 
Atmospheric correction was performed using the Quick atmospheric method, and all images were 
co-registered with the images related to 2018. Then, to improve the quality of the classification of 
different vegetation covers, the 30-meter Aster DEM image has been added to the relevant datasets 
each year. Due to the fact that the topographic effect can cause significant errors in the 
classification of images, especially in areas with high protrusions (Gilabert et al., 1993; Fahsi, 
1993; Civco, 1989), the effect of digital elevation models (DEMs) in reducing this effect and 
improving image classification has been demonstrated (Fahsi et al., 2000). Fahsi et al. (2000) had 
shown that DEM data improve classification accuracy by reducing the effect of ups and downs on 
satellite images. Also, the coefficient of variation (standard deviation divided by the mean) for 
areas with homogeneous coverage is significantly reduced for all spectral bands in the image 
correction procedure. Therefore, the overall accuracy and kappa coefficient are significantly 
improved. 
 
2.4. Image classification 

Several factors must be considered in choosing the classification method, including the spatial 
resolution of satellite imagery, the different data sources, the classification system, and the 
availability of the classification software. The answer to the question of whether the classification 
method is appropriate for a particular study is not an easy task. Depending on the employed 
classification technique, the obtained classification results may be different (Lu and Weng, 2007). 



 

 

Six evaluation criteria have been proposed by Cihlar et al. (1998) to evaluate the performance of 
a classification method, which includes accuracy, reproducibility, robustness, ability to use all the 
data information content, uniform application, and objectivity. In fact, due to the difference in 
environmental conditions and the data used, no classification algorithm can meet all these 
requirements and applicable to all studies (Lu and Weng, 2007). The Maximum Likelihood method 
is one of the most widely used supervised classification methods (Pal et al., 2003; Mariame 
Mohajane et al., 2018). The Maximum Likelihood classification algorithm is an efficient method 
in unpredictable conditions (Jensen, 1996). The ML method works enough or well in experiments 
using multi-piece data (Pale et al., 2003). ML algorithms are generally preferred; unless there are 
specific reasons to believe that the data do not follow Gaussian distribution, or at least do not 
follow the infinite distribution (Pale et al., 2003). Therefore, the supervised maximum likelihood 
method was used to classify the satellite images. Based on field data and high-resolution images 
from Google Earth as reference data, six land use categories were identified, including rangeland, 
orchard, agriculture, bare land, outcrop, and water bodies. Reference samples were used to 
generate ROI (region of interest) polygons in ENVI 5.3 software to generate training areas in 
Landsat satellite images. After creating ROIs, the satellite images of each period were classified. 

 
2.5. Accuracy assessment 

Accuracy assessment is an important step in evaluating the result of the image classification; 
various methods may include a qualitative assessment based on expertise and a quantitative 
accuracy assessment based on sampling strategies (Lu and Weng, 2007). After generating an error 
matrix, other elements of accuracy assessment such as overall accuracy, omission error, 
commission error, and Kappa coefficient can be derived (Lu and Weng, 2007). Kappa coefficient 
is known as a useful measure for single error matrix analysis and comparing different error matrix 
values (Congalton 1991; Smits et al., 1999; Foody 2004). In summary, the error matrix approach 
is the most common method of assessing accuracy for classification (Lu and Weng, 2007). Kappa 
coefficient is a commonly used measure of the general statistical agreement of the error matrix 
that considers non-diagonal elements (Lu and Weng, 2007). According to literature, an acceptable 
classification accuracy coefficient was considered to be at least 85% (Foody, 2002; Thomalinson 
et al., 1999; Meriame Mohajane et al., 2018). 

 
2.6. Dynamics of single and comprehensive land-use changes 

Land-use change models can be divided into random-experimental models, dynamic models, and 
integrated models. Due to the simple structure and ease of operation of these models, random-
experimental models are widely used to assess the rate of land-use change (Zhang et al., 2014). 
The extent of land-use change over a period of time can be determined using the degree of single 
land-use dynamics (Wen Sun et al., 2012; Zhang et al., 2014; Schilling et al., 2010; Liu et al., 
2017; Zhang et al., 2011; Yafei Li et al., 2017). The single dynamic land use index can be used 
quantitatively to describe the rate of land-use change at the regional scale (Redo et al., 2012). 
Analysis of changes in the dynamics of land use can show the intensity of land-use or land cover 
change through analyzing the degree of land-use dynamics (Equation 2) (Zhan Chunxiao et al., 
2008).  𝐾 = 𝑈𝑏−𝑈𝑎𝑈𝑎 × 1𝑇 × 100%      Eq. (2) 

Where, Ub and Ua are the areas of a given user at the end and beginning of the study period, 
respectively. Also, T is the time period of the chosen time span.  



 

 

Numerous studies have used the comprehensive equation of change dynamics to determine the 
intensity of land-use change over a period of time (Zhang et al., 2014; Zhang et al., 2011; Li et al., 
2017). Land-use change in the study area is the result of changing types of land uses. The degree 
of comprehensive land-use dynamics change can be used to analyze the degree of land-use change 
over a period of time (Equation 3) (Wen Sun et al., 2012). The degree of comprehensive dynamics 
of land use can be of help in the interpretation of overall change of different land use types over 
the given time span in a certain region. 

 𝐾 = ⌊∑ ǀ𝑛𝑖=1 ΔLUᵢ₋𝗃ǀ2 ∑ 𝐿𝑈ᵢ𝑛𝑖=1 ⌋ × 1𝑇 × 100% 
Eq. (3) 

Where, LUi is the specific land use at the beginning of the research. ΔLUᵢ₋𝗃 Represents the area 
changed from a given use over a specified period of time, and T also represents the time to year. 
 

2.7. construction of change matrix 
The land use transfer matrix can display the structure of land use at one point and at a time and quantitatively 
describe the process of dynamics and mutual developments between land use categories at the beginning 
and end of the study time period. The land use transfer matrix can demonstrate the transferred rate and 
intensity in each land use type (Gao et al., 2016). Changes among different land-use types can be described 
and interpreted by a transfer matrix that shows the structural characteristics and direction of land-use change 
(Zhang et al., 2014). 

 

2.3. Economic effects of land-use change 

To investigate the effect of land-use changes from an economic point of view, the amount of costs 
and direct income per hectare of different land uses in the region have been estimated as present 
values. Then, according to the changes in land use areas, the changes in net income of different 
land uses in this area were calculated. Hence, the economic value of one hectare of land use is 
derived from the difference between average production costs and land use revenue (Equation 1) 
(Norman et al., 2002). 
PV = TR - TC Eq. 1 

It should be noted that data related to economic indicators have been collected formally directly 
through referring to the Organization of Agriculture-Jahad, Ardabil Province (2019). 
 

3. Results and discussion 

The rate of change in each land use over the East Meshgin has been investigated, and the spatial 
distribution of the land use map in the given periods can be seen in Figure 2. In addition, the 
statistical characteristics of land use statistical tables were produced in the relevant years to analyze 
the quantitative characteristics of land-use changes (Table 2).  
 



 

 

  

  

 

Figure 2. The land use map of East Meshgin area in different years of the given time period 
 
As can be seen in Figure 2, the southern and northern parts of the region, which also has a high 
altitude, are mostly covered by rangeland, and out cropland land cover type. Additionally, the 
central parts of the study area are mostly covered by agricultural and bare lands. At the end of the 
study period, through providing the needed water from the Sabalan Dam, the land use of 
agriculture and orchard in the central part of the study area has increased significantly. It is clear 
that the predominance of rangeland and bare lands is explicit in all the studied periods. Meanwhile, 
the expansion and development of agricultural land is obviously had increased in 2013 and 2019.  



 

 

The area and percentage of land use in different years of the study period have been shown in 
Table 1. In this study, in order to investigate the economic changes caused by land-use changes in 
the study area, data related to income obtained for each land use per hectare, and the results 
presented in Table 1. 
 

Table 1. Area and percentage of land uses in the studied periods 

Year Area 

Land Use Type 
Total 
Area 

Rangeland Agriculture Orchard 
Bare 
land 

Outcrop 
Water 
body 

 

1998 
Km2 1112.88 163.84 18.73 1288.45 11.69 0.06 2595.65 

%  42.7 6.35 0.76 49.4 0.47 0.00 100 

2003 
Km2 1212.8 141.25 13.09 1206.04 22.19 0.03 2595.4 

% 46.48 5.7 0.6 46.21 0.87 0.01 100 

2008 
Km2 1368.35 127.39 13.71 1067.01 17.26 1.92 2595.64 

% 52.6 4.9 0.55 40.9 0.68 0.07 100 

2013 
Km2 1445.75 386.19 14 724.8 20.72 4.21 2595.67 

% 55.4 14.81 0.55 27.77 0.71 0.17 100 

2019 
Km2 1127.06 427.01 17.65 1005.9 15.17 2.88 2595.67 

% 43.2 16.37 0.7 38.56 0.6 0.14 100 

Value per hectare 
of land use (USD)* 

115.87 370.8 1861.73 54.07 - - - 

*US Dollar equals 129449 Iranian Rial (IRR) based on 2019 as a reference year 

 

 
According to the results of Table 1, the highest land-use area in 1998 is related to bare land with 
49% of the total land area, and the lowest amount is related to water land use and outcrop, having 
zero and 0.44% respectively. In contrast, the statistics of the year 2019 show that rangeland land 
use (43.16%) has the highest area, and water body has the lowest extent with 0.11% contribution. 
Due to the operation of Sabalan Dam and since the year 2008, the area of agricultural use increased 
in the study area. Given that there have been many changes in the agricultural sector, especially 
the development of modern mechanization methods, it can be said that these changes are expected.  
Furthermore, the water body land use in the study area has been increasing during these years, 
mainly because of the Sabalan dam construction. According to the assessments made in the area, 
there is no limitation in terms of water availability. According to field surveys and interview with 
local farmers, the constraints on access to water in some cases has been resolved by considering 
the distribution of water supply sources, including dams, springs, and rivers. 
Figure 3 shows the net income trend in agricultural land use, orchards, rangeland, and bare lands 
in different years of the study period. 



 

 

 
Figure 3: Changes in net income of the main land uses in the studied years of the period under study 

 
It can be seen that the net income of agricultural land use had an increasing trend since 2008. It 
can be attributed to the interest of landowners and the special attention of those involved in 
agriculture and water resources through a pressurized irrigation system in downstream lands of the 
dam based on the storage capacity of Sabalan Dam. As well as incentives and monetary support 
policies from governmental agencies have intensified the expansion of agricultural land use over 
the study area. Therefore, this trend has led to the conversion of other land uses to agricultural 
lands due to its cost-effectiveness and acceptable productivity. An increase of about 200 percent 
in agricultural land use in 2013 compared to 2008 led to an increase of about 9596.3 $ and a 47 
percent decrease in abounded lands in these years also reduced 1850.3 $. Also, the decrease in 
rangeland use in 2019 compared to 2013 has reduced revenue by 3636.6 $. It should be noted that 
the growth rate of revenue in all land uses in 2019 compared to 1998 has grown by 278 percent 
(equivalent to 8193833 $). 

 
 

3.1. Classification accuracy assessment 

The accuracy of the classification was assessed using confusion matrix information, which the 
overall accuracy for classifying the years studied is reported in Table 2. According to Table 2, the 
extracted Kappa coefficient for the years 1998, 2003, 2008, 2013 and 2019 are equal to 0.85, 0.77, 
0.96, 0.98, 0.97%, respectively. The value of Kappa coefficient proved the acceptable accuracy of 
classification results. 
 

Table 2: User and producer accuracy values for different land-use classes 

Land use 1998 2003 2008 2013 2019 

 User Prod User Prod User Prod User Prod User Prod 

Rangeland 91.54 96.93 79.85 96.67 99.5 98 99.22 99.22 99.17 99.18 

Agriculture 76.48 91.04 75.2 96.44 81.85 91.69 95.89 95.89 89.82 97.43 
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Orchard 88.80 85.98 94.76 79.6 89.62 93.76 86.74 86.74 96.8 83.59 

Bare land 94.09 83.75 99.91 94.74 97.49 99.52 99.49 99.49 99.34 98.7 

Outcrop 99.89 99.03 93.93 98.3 99.41 98.48 99.5 99.5 99.82 98.22 

Water 100.00 92.86 100 100 100 99.47 100 100 100 99.34 

Overall 
Accuracy 

92.15 94.9 98.22 98.92 98.43 

Kappa 
Coefficient 

0.85 0.77 0.96 0.98 0.97 

 

3.2. Analysis of land uses transfer using transfer matrix 

The land use transfer matrix in the studied periods is reported in Table 3. This matrix indicates the 
possibility of changing and transferring the land uses to each other.  

 
Table 3. Land-use transfer matrix between the studied periods (Km2) 

From To 1998-2003 2003-2008 2008-2013 2013-2019 

% Area (km2) % Area (km2) % Area (km2) % Area (km2) 

Rangeland 

Agriculture 2.73 30.42 2.52 30.61 7.93 108.61 8.88 127.66 
Orchard 0.31 3.55 0.15 1.98 0.03 0.52 0.06 0.96 
Bare land 23.72 264.02 9.70 117.99 4.09 67.13 18.65 269.74 
Outcrop 0.02 0.23 0.15 1.83 0.31 4.25 0.01 0.28 
Water 0.003 0.04 0.06 0.73 0.07 0.96 0.00 0.00 

Agriculture 

Rangeland 12.72 20.85 25.85 36.52 18.74 23.88 11.17 43.14 
Orchard 4.17 6.84 4.5 6.4 5.22 6.66 2.26 8.74 
Bare land 28.75 47.11 30.51 43.1 12.00 15.29 35.47 136.99 
Outcrop 0.01 0.02 0.05 0.08 0.19 0.25 0.002 0.01 
Water 0.00 0.00 0.007 0.1 0.36 0.46 0.00 0.00 

Orchard 

Rangeland 6.19 1.16 10.54 1.38 13.12 1.8 5.5 0.77 
Agriculture 21.40 4.01 53.62 7.02 38.00 5.21 46.00 6.44 
Bare land 1.60 0.3 0.68 0.09 0.36 0.05 0.35 0.05 
Outcrop 0.00 0 0.07 0.01 0.00 0 0.00 0 
Water 0.00 0 0.00 0 0.00 0 0.00 0 

Bare land 

Rangeland 13.01 167.75 21.90 264.15 21.73 231.94 4.33 31.45 
Agriculture 4.87 62.83 2.83 34.23 17.93 191.39 12.93 93.78 
Orchard 0.05 0.73 0.06 0.74 0.01 0.17 0.16 1.2 
Outcrop 0.006 0.08 0.05 0.66 0.03 0.39 0.005 0.04 
Water 0.00 0 0.07 0.95 0.08 0.96 0.001 0.01 

Outcrop 

Rangeland 73.13 8.55 29.83 6.62 6.66 1.15 20.70 4.29 
Agriculture 1.11 0.13 1.80 0.4 0.75 0.13 5.45 1.13 
Orchard 0.00 0 0.04 0.01 0.00 0 0.04 0.01 
Bare land 18.22 2.13 42.54 9.44 0.92 0.16 2.99 0.62 
Water 0.17 0.02 0.18 0.04 0.05 0.01 0.09 0.02 

Water 

Rangeland 0.00 0.00 0.00 0.00 4.16 0.08 7.36 0.31 
Agriculture 0.00 0.00 0.00 0.00 0.00 0 16.62 0.7 
Orchard 0.00 0.00 0.00 0.00 0.00 0 0.00 0 
Bare land 0.00 0.00 0.00 0.00 0.52 0.01 4.27 0.18 
Outcrop 0.00 0.00 0.00 0.00 0.52 0.01 4.27 0.18 

 
According to the results of Table 3, in the period 1998-2003, the most changes were attributed to 
rangeland conversion to bare lands with 264.02 square kilometers. In other words, in this period, 
23.72% of the rangeland has become bare lands. Also, 21.9% of bare lands were transferred to 
rangelands in 2003 at the end of the period. Additionally, in the period of 2008-2013, the highest 
transfer was related to the bare lands, of which 231.94 square kilometers from this land use were 
transferred to the rangeland. In the same period, the transition from rangeland use to agricultural 
use was significant compared to previous periods, so that 101.61 square kilometers (7.93% of 
rangelands) has become converted to agriculture use. It can be said that following the changes in 
the use of rangeland for agriculture, it has increased the economic income by 37676 $ in the region. 



 

 

In the final period, 2013-2019, the most transfer has been related to rangeland use, so that 269.74 
square kilometers have been transferred from rangeland use to bare land use. In the same period, 
127.66 square kilometers, i.e., 8.88% of the rangeland, have been converted to agricultural land 
use. 

 
3.3. Analysis of land-use change dynamics in the study area 

     The degree of single dynamics was calculated according to Equation 2, the results of which are 
reported in Table 4. 
 
Table 4. Single land-use variation dynamic degree from 1998 to 2019. 
 

Land Use Type 1998-2003 2003-2008 2008-2013 2013-2019 1998-2019 

Rangeland 1.79 2.05 1.41 -3.522 0.05 

Agriculture -2.75 -1.56 50.78 1.69 6.42 

Orchard -6.02 0.76 0.51 4.17 -0.23 

Bare land -1.27 -1.84 -8.01 6.2 -0.87 

Outcrop 17.95 -3.55 5 -4.2 1.19 

Water 82.68 83.67 29.64 -5.06 187.04 

 

As can be seen, in each period, the most relevant change is related to water use, which has been 
positive in all periods except the period of 2013-2019. Among other land uses, the highest rate of 
change related to agricultural use with a value of +50.78 occurred during 2013-2019. It is worth 
mentioning that during this period, the Sabalan Dam had been started to operation in the region. 
Based on the results related to the total period, i.e., 1998-2019, apart from water land use, which 
had a positive growth rate of 187%, the biggest change was related to agricultural land use with a 
growth rate of + 6.42 and the lowest change rate was related to rangelands with a change rate of 
0.05. And orchard land use with a change rate of -0.23 and bare lands with a change rate of -0.87 
have had negative growth. Figure 4 shows the graphs related to the results of the equation of the 
degree of single dynamics land-use change in different periods. 
 
 
 
 
 

 
 



 

 

  

 
Figure 4. Degree of dynamics of individual land-use change in the East Meshgin area 

 
The degree of comprehensive dynamics of land-use change according to Equation 2 is shown in 
Figure 5. 
 
 
 
 
 
 
 
 



 

 

a)  
b) 

Figure 5. Degree of comprehensive land-use change (A) and total land-use change (B) in each 
period 

 
According to the results of Figure 5, the highest degree of dynamics of comprehensive land-use 
change is related to the period 2008-2013, i.e., in the years of operation and water exploitation of 
Sabalan dam, and the lowest degree of dynamics is related to the period 2003-2009 with +3.29 and 
+0.85%, respectively. Additionally, the highest total land use change occurred in the period 2008-
2013 with 684.41 square kilometers, and the lowest total land use change occurred in the period 
1998-2003 with 212.231 square kilometers. 

 
4. Conclusion 
The analysis of land-use change over a period of time and consequent years is necessary to sound 
planning and sustainable management and natural resources conservation. Assessing the economic 
impacts of land use change lead to more comprehensive results and livelihood improvement of 
farmers and watershed communities. East Meshgin region in Ardabil province, which is one of the 
important agricultural areas in the province and even in Iran, has been affected by significant divers 
of land use change in recent years. According to the results, the overall pattern of land use 
conversions has intensified through the operation of the constructed Sabalan reservoir dam. The 
results of this study, which was examined from 1998 to 2019, show that the most change is related 
to water body extent, which is attributed to the construction and operation of Sabalan dam. Apart 
from water body extent, agricultural land use has had the most change in the overall period in an 
incremental manner by an increase of 6.42%. Among the intermediate periods, the highest increase 
in agricultural land use is related to the period of 2008-2013, which is due to expansion of irrigated 
agriculture and allocated water released from constructed reservoir. The cost-effectiveness and 
high productivity of irrigated lands is another main driver of transferring rangelands to cultivated 
areas. The amount of this increase is about 200 percent in agricultural lands in 2013 compared to 
2008, taht has led to an increase in revenue of 95,969,304 $. According to the results, the most 
land conversions to agricultural land occurred from bare lands with 191.39 square kilometers, 
followed by rangeland with 108.61 square kilometers. Another result of the research in the whole 
period of the study is the significant growth of agricultural lands, which means 160% rate. Taking 
into account the exchange rate and per hectare economic revenue of agricultural land in 2019, 
which is about 370.8 $, this increase in agricultural lands is estimated to be around 97.6 million $. 



 

 

In general, the growth rate of revenue in all land uses in 2019 compared to 1998, has grown by 
278 percent. Highest GDP value of agricultural products are related to potatoes (37.2%), and wheat 
(23%) in the Ardabil province. East Meshgin is one of the main centers of agricultural production 
in Ardabil province, with the benefit of potentials, climatic conditions and extensive production 
resources. The rural community makes up 56.8% of the population of the study area, and the 
agricultural sector is the dominant sector in the rural economic system of the study area. Tomatoes, 
mung beans, cucumbers and squash can be mentioned among the marketable products of this 
region, and the main garden products of this region include apricots, apples, pears and grapes. The 
main source of income for the people of the region is agricultural and horticultural products. In 
addition to agriculture, animal husbandry has flourished in the region in the past. High dependence 
on agriculture is an important factor in increasing the agricultural land extent. Insufficient use of 
modern machinery and equipment and lack of modern methods of agricultural exploitation and 
non-use of high-yield cultivars are some of the things that can be useful in increasing the 
productivity of agricultural lands. Low efficiency of using resources, inputs of production, and 
labor is one of the important features of agricultural lands in the region. Therefore, instead of 
improving productivity, increasing the area under cultivation in the region has caused a widespread 
change in land use in the region. This study is designed to facilitate policymakers, planners, and 
other stakeholders in this sector to adopt the best land management strategies. The following 
recommendations are provided to proper land management in the study area. Predicting population 
and development needs in this area to ensure the wise use and allocation of limited land resources 
among competitive land uses. In addition, to ensure better use of resources, the Ministry of Jihad 
for Agriculture must take steps to identify fertile and non-productive agricultural land and limit 
the conversion of good agricultural land to non-agricultural use within the legal frameworks. There 
is a need for further studies to investigate changes in water quality due to the land-use change.  
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Figures

Figure 1

The location of the study area in Ardabil province Note: The designations employed and the presentation
of the material on this map do not imply the expression of any opinion whatsoever on the part of
Research Square concerning the legal status of any country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 2

The land use map of East Meshgin area in different years of the given time period Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 3

Changes in net income of the main land uses in the studied years of the period under study



Figure 4

Degree of dynamics of individual land-use change in the East Meshgin area



Figure 5

Degree of comprehensive land-use change (A) and total land-use change (B) in each period


