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Abstract
Farmers have to make decisions to adapt to climate change and reduce environmental vulnerability. If these decisions are 
made incorrectly, irreversible changes can take place that threaten environmental, social and economic sustainability of 
agriculture. This study applies a land use change model to guide regional agricultural land use planning, with a focus on the 
case of the south basin of the Urmia Lake, NW Iran, using data from Landsat images, statistics, questionnaire and checklist. 
The findings indicate the significant changes in the five factors, namely rainfall, humidity, minimum temperature, average 
temperature and maximum temperature. For example, the rainfall decreased more than 10 mm and the average temperature 
has increased by 3.5 °C in the last 30 years. The results of factor analysis showed that the studied variables were grouped 
into eight factors. These factors explained 57.4% of the variance of the determinant factors of farmers' behavior on climate 
change in the study area. The results obtained from supervised classification showed that all land uses have undergone many 
changes. The irrigated agriculture and rainfed agriculture have increased 79.43% and 82.5%, respectively, while water bodies, 
dense grass and woodlands, and sparse grass have declined sharply in the south basin of Urmia Lake. The forecasted results 
for the year 2027 show that if the existing situation continues, more crises will be faced in terms of land use change, since 
irrigated agriculture and rainfed agriculture are expected to grow by nearly 9000 ha and more than 1000 ha, respectively.

Keywords Farmers' behavior · Climate change · Supervised classification · Factor analysis · CLUE-s model · Logistic 
regression

Introduction

Agricultural land is defined as the area that is covered with 
either arable, pasture, permanent crops, ornamental horticul-
tural areas, or permanent pastures to grow biological prod-
ucts for human consumption or use (Lier 1998). Agricultural 
land is an essential resource for all people around the world 
because of its direct relations with the other issues, including 
ensuring food security as well as economic and social devel-
opment (Barati et al. 2016). In the past, agricultural land has 
been the basis of political power and social status all around 
the world, while in today's economy, it is still a high-value 
form of property and a productive natural resource (Wille-
men et al. 2013). Increasing populations and urbanization on 
one hand and climate change on the other hand have posed 
insurmountable pressure on agricultural lands in terms of the 
provision of food, fiber and timber products, particularly in 
the developing countries (Barati et al. 2016). OECD (2017) 
and Taheri et al. (2019) believe that the agricultural sector 
will face a bigger challenge, because it has to increase its 

 * Mansour Ghanian 
 m_ghanian@asnrukh.ac.ir

1 Faculty of Agriculture Engineering and Rural Development, 
Agricultural Sciences and Natural Resources University 
of Khuzestan, Mollasani, Khuzestan, Iran

2 Department of Agricultural Extension and Education, 
Faculty of Agriculture Engineering and Rural Development, 
Agricultural Sciences and Natural Resources University 
of Khuzestan, Mollasani, Khuzestan, Iran

3 Institute of Physical Geography at Goethe University 
Frankfurt, Frankfurt, Germany

4 Department of Governance and Technology for Sustainability 
(CSTM), Faculteit Behavioural, Management and Social 
Sciences (BMS), University of Twente, Enschede, 
Netherlands

5 Department of Agricultural Machinery, Faculty 
of Agriculture Engineering and Rural Development, 
Agricultural Sciences and Natural Resources University 
of Khuzestan, Mollasani, Khuzestan, Iran

http://crossmark.crossref.org/dialog/?doi=10.1007/s12665-021-09837-7&domain=pdf


 Environmental Earth Sciences          (2021) 80:545 

1 3

  545  Page 2 of 18

products by more than 50% by 2030 to provide food for an 
increased population. However, according to the evidences 
from ground and satellite-based observations, human land 
management activities have profoundly impacted the natural 
resources and ecosystems (Chaudhari et al. 2018). There-
fore, agricultural land management can be very influential in 
agricultural development (Koguashvili and Ramishvili 2018; 
Barati et al. 2016).

Agricultural land use is related to climate change as both 
a causal agent and a major method in which the impacts of 
climate change are expressed. Various factors cause land 
use change, such as climate change (Fathizad et al. 2017; 
Lorencová et  al. 2013; IPCC 2007), poor management, 
unwillingness of rural young populations to continue farm-
ing (Mehri et al. 2018), lack of comprehensive and inte-
grated policies, failure to observe the rules (Koguashvili 
and Ramishvili 2018), lack of awareness and knowledge 
of farmers and villagers (Bronstert et al. 2002), and non-
transparent rules in the field of land use change (Barati et al. 
2016). However, land use change and climate change are a 
worldwide issue. The recent impacts of climate change on 
agriculture land use are wide ranging and observed across 
many regions in the world (Fathizad et al. 2017; Bernardie 
et al. 2021). It is expected that in the near future, climate 
change will be a significant driving force of the destruction 
of landscapes and ecosystems, and changes in agricultural 
land use patterns (IPCC 2007). These changes have impacts 
worldwide, but in less developed countries it causes more 
serious damage (Sangelantoni et al. 2018). Hürlimann et al. 
(2020) believe that large-scale agricultural land acquisitions 
and land use change are some of the most hazardous ecosys-
tem destruction processes in the world and have resulted in 
serious injuries, human casualties, and economic and envi-
ronmental damages. For example, in southwestern China, 
Chen et al. (2019) indicate that land use change and climate 
changes have taken place in the last decades due to rapid 
economic activities and infrastructure development. Also, 
the Pyrenean valley in Spain (Bernardie et al. 2021), the Bra-
zilian Savannah (Nunes and Rezende 2016), the Tirunelveli 
and Palayamkottai taluk regions of the Indian state of Tamil 
Nadu (Jobi Sahana et al. 2016) indicate that rapid population 
growth coupled with the rapid increase in agricultural activi-
ties creates a perfect storm of environmental degradation and 
climate change and land use change. Therefore, the manage-
ment of agricultural land is strategically important for any 
country, and mainly for developing countries, including Iran 
(Hadizadeh et al. 2018).

The history of land management and spatial planning in 
Iran is more than seven decades old, but there is no appropri-
ate national document yet. In fact, more than 70 years after 
the implementation of the first spatial planning in Iran, still 
there are inequalities in the distribution of facilities through-
out the country (Vahabi 2019). In Iran, land use change and 

seizing rural and agricultural lands and using them for urban 
purposes lead to local and national lands instability, as it dis-
rupts integrated national land management (Meshkini et al. 
2019). Land use change without ecological capability and 
sufficient study is prioritized or part of agricultural poten-
tial lands is suggested to another use (Masoudi et al. 2017). 
Agricultural land has a heterogeneous spatial distribution 
(Barati et al. 2016). However, human activities, such as 
improper change in agricultural land and poor management 
activities, and unplanned changes have become a serious 
environmental challenge and most of the land use changes 
are carried out without planning and with scant attention 
to environmental impacts (Hadizadeh et al. 2018). In the 
past four decades, land use changes have rapidly occurred 
in Iran, leading to vegetation cover loss, land degradation 
and increased possibility of soil erosion (Fathizad et al. 
2017). This challenge is becoming more complex. Lands 
of different regions of Iran are very prone to desertification, 
as arid and semi-arid lands cover more than 70% of Iran 
(Hadizadeh et al. 2018). Furthermore, because of increased 
population, overgrazing and increased agricultural, indus-
trial and service activities, land degradation has increased 
in Iran in recent decades and the water bodies, dense grass 
and woodlands, and sparse grass have declined sharply (Bar-
zani and Khairulmaini 2013). Accordingly, the upshot of 
the appraisement in this study is that the effects of land use 
changes have direct impact upon long-term climatic changes 
in the area of the south basin of Urmia Lake. As a result, 
agricultural land use, which affects hydrologic processes, 
has a direct influence on climate change over time. Shadkam 
et al. (2016) reveal that the current land management and 
spatial planning in Iran is not sufficiently robust to counter 
the negative impacts of long-term climate change in this 
region. Therefore, finding a strategy to balance between 
what is needed, i.e., sustainable agricultural development, 
on one hand, and longer-term environmental stability, on 
the other, is critical for the future socioeconomic and envi-
ronmental sustainability of basic resources in agriculture.

Barati et al. (2016) showed that policy-making, knowl-
edge and technology are the most important factors that 
affect land use change. According Fathizad et al. (2017), 
in rural households, the high cost of living and increasing 
the price of farmland are the key factors of agricultural land 
use change by farmers. Therefore, one of the main issues in 
regional planning and development of agricultural land use 
is human activities (Feddema et al. 2005). Therefore, identi-
fying and understanding how farmers make decisions about 
their land use by involving them in NGOs is a novel issue 
in resource management to revive landscapes and ecosys-
tems (Abadi 2019). Farmers’ behavior can play an important 
role in integrated management of natural resources through 
collective and individual tasks and missions as well as the 
pressures they put on the environment (Shojaei-Miandoragh 
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et al. 2019). In this regard, assessment and analysis of agri-
cultural land use changes by considering the factors identi-
fied from the scientific literature and prediction of changes 
in the following years is essential for management and plan-
ning of agricultural development (Morris and Barlaz 2011; 
Honarbakhsh et al. 2017). According to Lier (1998), agri-
cultural land use planning refers to the processes employed 
to manage the use of land and the development of a commu-
nity for the common interest. Although agricultural land use 
planning has been widely used to solve farm planning prob-
lems, the main weakness of conventional agricultural land 
use planning formulation is that all economic, social and 
environmental dimensions should be considered together in 
the form of integrated management and farmers should be 
at the center of planning (Ildoromi et al. 2017).

There are various methods for modeling and predicting 
land use and agricultural land use planning (Jobi Sahana 
et al. 2016). In this paper, the Conversion of Land Use and 
its Effects (CLUE-s) model is used for predicting and agri-
cultural land use planning of the south basin of Urmia Lake 
in Iran in the last 30 years. The CLUE-s model was selected, 
since it is a flexible and publicly available land use modeling 
framework that allows scale- and context-specific specifica-
tion for regional and local applications (Yumei et al. 2004). 
The user interface of the CLUE-s model supports the spatial 
allocation of land use change. The model is sub-divided into 
two different modules, namely a non-spatial demand module 
and a spatial allocation procedure. For the land use demand 
module, various model specifications are possible, ranging 
from simple tendency extrapolations to complex socioeco-
nomic models (Verburg 2010).

Using the CLUE-s model, Jobi Sahana et  al. (2016) 
showed that in Tirunelveli and Palayamkottai Taluk regions 
in India, settlement areas significantly increased due to 
the conversion of barren land, shrubland and agricultural 
land areas in 10 years from 2005 to 2015. They argue that 
this large and rapid change of the agricultural and shrub-
land into settlements could lead to serious environmental 
impacts unless proper environmental protection plans are 
implemented for the regions. Xu et al. (2016) applied the 
CLUE-s model and introduced the novel idea of a planning 
regulation coefficient for sustainable land use planning to 
predict agricultural land use planning in Guangzhou region 
in China. Their results indicate that although the current 
land use plan is reasonable, it is necessary to strengthen the 
protection of agricultural land and important environmental 
service function areas. They also showed that combining the 
CLUE-s model with land environmental service research 
predicted farmland land use change reasonably well. Zhang 
et al. (2013) used the CLUE-s model for land use pattern 
optimization. Their results showed that changes in agri-
cultural land use pattern under various land use scenarios 
have significantly affected the non-point source pollution 

load. They also observed that the increase and growth of 
orchards and loss of forest cover and pastures have led to 
an increase in the potential pollution loads of nitrogen and 
phosphorus. Willemen et al. (2013) applied the CLUE-s for 
the heterogeneous landscape of Bac Kan province in Viet-
nam and compiled three different scenarios considering the 
policies in the study area: livestock development, sufficient 
rice production, and an increase and protection of the forest 
area. The first two scenarios indicate different combinations 
of these policies, while the third scenario provides a picture 
of future land use configurations without these land use poli-
cies. The scenarios result in different spatial patterns of land 
use change that can help the communication of the possible 
impacts of the policies for different parts of the province. 
Due to the importance of possible effects of climate change 
on agricultural land use changes, the present study inves-
tigates how to apply the land use change model in guiding 
regional planning. Building on the earlier applications of the 
CLUE-s model, this paper will apply the model in guiding 
regional planning, with a focus on the case of the south basin 
of Urmia Lake, using Excel, ArcGis and SPSS to analyze the 
agricultural land use change.

Materials and methods

Study area

Lake Urmia in north-western Iran is the largest inland 
lake in the country and one of the largest saline lakes in 
the world. The basin of the lake is between east and west 
Azarbaijan and Kurdistan provinces and constitutes also one 
of the most important agricultural areas in the country. The 
basin is a generally mountainous territory containing two 
of the famous Iranian volcanic peaks (Sahand, 3707 m and 
Sabalan, 4810 m) and with several vast productive plains 
in the valleys and around the lake. Its continental climate 
is affected by the mountains around Urmia Lake, and air 
temperature ranges up to 40 ºC in summer and between 0 ºC 
and – 20 ºC in winter. Most parts of the basin are located at 
altitudes above 1280 m and up to 4886 m above sea level 
(Kamali and Youneszadeh Jalili 2015). The elevation of the 
lake’s water surface varies between 1270 and 1280 m.

The basin of the Urmia Lake supports fertile agricultural 
land, which is, in turn, supported by several dams inside the 
basin (Alizade Govarchin Ghale et al. 2019). However, it is 
significant from an environmental management perspective 
because 76 million people (farmers/non-farmer) live within 
a radius of 500 km. This basin includes 11 sub-basins, 17 
main rivers, 12 seasonal rivers and 39 streams (Hassanza-
deh et al. 2012). The basin of the Urmia Lake is a real and 
important example of interaction between land use and cli-
mate change that produces an environmentally threatened 
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ecosystem, with significant hydrologic effects, due to human 
activities and livelihood strategies. The decreasing water lev-
els, climate change, poor management of water and land 
resources, and lack of awareness and knowledge of farmers 
are all factors that are leading to an irreversible environ-
mental disaster in the basin (Safari and Zarghami 2012). 
Prevention of such a disaster and the adaptation of farmers 
to climate change require an in-depth understanding of these 
interdependent factors. Distribution of agricultural land use 
and proper preparation of farmers to face climate change and 
informing them help to balance water resources in the water-
shed basins. These changes are greater in the south basin of 
Urmia Lake than in other areas of the basin and more land 
use changes have been made (Fathian et al. 2015; Ghodousi 
et al. 2012). According to Alizade Govarchin Ghale et al. 
(2019), rapid increase in agricultural lands and drought are 

the most important reasons of ecosystem destruction of the 
basin of the Urmia Lake. As a result, farmers in the basin of 
Urmia Lake have realized the challenge more than others. 
On the other hand, access and study of the entire basin due 
to large area of basin of Urmia Lake was costly and difficult 
for researchers. Thus, we specifically focused on agricultural 
land use change based on the climate change in the case of 
south basin of the Urmia Lake into decision-making routines 
(Figs. 1, 2, 3).

Data collection and analysis

As mentioned in this paper, land use changes were studied at 
different timescales in the last three decades (30-year period) 
using Landsat data, statistical data and questionnaires to 
investigate the spatiotemporal variations of agricultural land 

Fig. 1  A general map of Iran 
illustrating the location of the 
study area (Ebrahimi Sarindizaj, 
2020)

Fig. 2  Overview of the mod-
eling procedure



Environmental Earth Sciences          (2021) 80:545  

1 3

Page 5 of 18   545 

use change in the area of south basin of Urmia Lake, North-
west Iran. Data were collected in three phases.

Climate change data

All the data for the analyses of climate variability and change 
in the south basin of Urmia Lake were collected for a period 
of 30 years (1987–2017) (Meteorological Organization of 
Iran 2019). These data were analyzed using Excel software.

Land use classification

In the first step of land use classification, the latest high-
resolution satellite imagery provided by NASA–GLCF 
(Global Land Cover Facility) Archive (freely downloadable 
worldwide) for Landsat MSS (Multi-Spectral Scanner), 
Landsat TM (Thematic Mapper) and USGS (United States 
Geological Survey) for Landsat 8 OLI-TIRS (Operational 
Land Imager/Thermal Infrared Sensor) satellite imagery for 
the time period of 1987, 1997, 2007 and 2017 was used for 
visual image interpretation, land use identification and land 
use classification (USGS, 2019). The algorithm selected 
for the supervised classification is the principal component 
analysis (PCA), one of the most common algorithms. PCA is 
not just a good tool for data compression purposes, but also 

for feature extraction, which in turn plays an important role 
in recognition techniques and image classification (Taheri 
2017). Image selection, cloud, and unwanted shade-free 
imagery were set as criteria. Imagery having cloud substan-
tially reduces the accuracy of the classification work. In Iran, 
November to March is winter season and May to June is 
the transitional period of winter to summer. For this reason, 
we could not select imageries of the same month along the 
whole study time period (Vahabzadeh et al. 2014). Thus, we 
selected imageries of the months of July and August as the 
main sources of data for this study.

Analysis of land use change

After geometric and radiometric corrections of satellite 
images, care was taken to prepare and extract land use maps 
using the supervised classification method into different 
timescales including agriculture, pastures, forests, residen-
tial, etc. As four different satellite imageries were used for 
the study time frame, it should be registered first through 
proper ground control point (south basin of Urmia Lake). 
The spectral reflectance of each land class was used to dis-
tinguish them as well as data from the field survey. Also, in 
this stage, the maps of climate change were also examined. 
To evaluate the accuracy of the classified maps, we used the 

0.0 10.0 20.0 30.0 40.0 50.0 60.0

Average temperature °C 1987-1996
Average temperature °C 1997 - 2006
Average temperature °C 2007- 2017

Average rainfall 1987 - 1996
Average rainfall 1997 - 2006
Average rainfall 2007 - 2017

Average humidity % 1987 - 1996
Average humidity % 1997 - 2006
Average humidity % 2007-2017

Average maximum temperature °C 1987-1996
Average maximum temperature °C 1997-2006
Average maximum temperature °C2007-2017
Average minimum temperature °C 1987-1996
Average minimum temperature °C 1997-2006
Average minimum temperature °C2007-2017

38.3 31.6 28 55 53 50 14.8 16.2 18.3 11.5 12 13.5 6.7 6.1 5.4 
‘87’-‘96 ’97-‘06 ’07-‘17 ‘87’-‘96 ’97-‘06 ’07-‘17 ‘87’-‘96 ’97-‘06 ’07-‘17 ‘87’-‘96 ’97-‘06 ’07-‘17 ‘87’-‘96 ’97-‘06 ’07-‘17
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°C 

Maximum
temperature °C 

Fig. 3  The climate change in the south basin of the Urmia Lake between 1987 and 2017
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ground truth maps. For this purpose, to investigate the simi-
larities, classes and the resolution and contrast classifieds in 
proportion to the contribution of each category, an appro-
priate number of training samples were randomly selected 
using field surveys and false color composite. Image pro-
cessing and performing supervised image classification help 
to extract information from imageries. The classification is 
done for the whole district area. For supervised classifica-
tion, a total of 115 trialing sites were made by demarcating 
a polygon or an area of interest for all the five land use and 
land cover types. The ground reference data used for the 
image classification was further applied in accuracy assess-
ment purpose. After ground truthing, accuracy assessment 
was carried out. It is the most important aspect to assess the 
reliability of map. No image classification is said to be com-
pleted unless its accuracy has been assessed. To determine 
the accuracy of classification, a sample of pixels is selected 
on the classified image and their class identity is compared 
with the ground reference data. Evaluating the quality of a 
classification result is of high importance in remote sens-
ing, since it gives evidence of how well the classifier was 
capable of extracting the desired objects from the image. In 
this study, the classification error matrix is used, which is 
the common means of expressing classification accuracy. 
The second technique used for accuracy assessment is the 
KAPPA analysis (0.72–0.80) (see Table 1). KAPPA analy-
sis is a discrete multivariate technique which calculates the 
producer’s and user’s overall accuracy, as well as the kappa 
accuracy level. It was expected that results of land use map-
ping of the area of the south basin of Urmia Lake, Northwest 
Iran, would provide information on (1) aerial distribution of 
land use categories and (2) identification and estimation of 
land use changes over the past 30 years.

Analysis of factors affecting land use change

In the next step, for investigating each effective factor on 
land use in CLUE-s model, logistic regression was used. 
Regression coefficients are the model parameters and are 
calculated from a set of samples, for which the values of 
both the predictors and the response(s) are known. Thus, 
the coefficients of a continuous and a categorical variable 

are interpreted. The logistic regression coefficients are the 
coefficients b0, b1, b2, … bk of the regression equation:

Also, after determination of demand ratio according to 
past changes, the land use map of 2027 was prepared. In 
this paper, we will give a short overview of the functional-
ity of the CLUE-s model; a more detailed description of the 
model is provided by Verburg et al. (2002), Verburg and 
Chen (2000) and Verburg et al. (2004). Clue-s is specifically 
developed for the spatially explicit simulation of land use 
change based on an empirical analysis of location suitability 
combined with the dynamic simulation of competition and 
interactions between the spatial and temporal dynamics of 
land use systems. The model is sub-divided into two distinct 
modules, namely a non-spatial demand module and a spa-
tially explicit allocation procedure (Fig. 1). The non-spatial 
module calculates the area change for all land use types at 
the aggregate level. Within the second part of the model, 
these demands are translated into land use changes at dif-
ferent locations within the study region using a raster-based 
system. The user interface of the CLUE-s model only sup-
ports the spatial allocation of land use change. For the land 
use demand module, different model specifications are pos-
sible ranging from simple trend extrapolations to complex 
economic models. The results from the demand module need 
to specify, on a yearly basis, the area covered by the different 
land use types, which is a direct input for the allocation mod-
ule. In other words, CLUE-S consists of a spatial and non-
spatial component in which spatial relations between land 
use and its driving factors as well as scenarios representing 
developments and policies are included. CLUE-s consists of 
a non-spatial and spatial model, operating at respectively the 
regional and pixel level. The regional level is in this applica-
tion the area of south basin of Urmia Lake level, whereas the 
pixel level consists of a grid with, for this case study, a pixel 
size of 250 × 250 m. Excel, Envi and ArcGis softwares were 
used for the image processing.

Methods for understanding farmer's behavior associated 
with climate change

Eventually, based on a structured questionnaire which was 
a cross-sectional survey and also a quantitative research 
considering the nature of the data. To understand the farm-
ers' views on land use change and climate change, a survey 
research was conducted. Moreover, it was a descriptive–cor-
relational and causal. Theoretic relationship research in 
terms of the method of data analysis. South basin of Urmia 
Lake includes 12 townships and the rural population is 
mainly engaged in agriculture and animal farming (Urmia 
Lake restoration program 2019). The statistical population 

log it(p) = b0 + b1X1 + b
2
X2 + b3X3 +…+ bkXk

Table 1  Characterstics of satellite images used for classification and 
change detection

Date Satellite Scanner Accuracy 
(producer’s 
accuracy)

1 1987.7.28 Landsat 1–5 MSS 0.8002
2 1997.8.4 Landsat 4–5 TM 0.7262
3 2007.8.2 Landsat 7 TM 0.8013
4 2017.7.27 Landsat 8 OLI 0.7610
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in the present study included all farmers in the region. The 
sample size in this study was estimated by a total number 
of 153 individuals by two stage cluster sampling using the 
Krejcieis and Morgan’s Table (1970). Data collection used a 
researcher-made questionnaire which was tested for validity 
prior to the launch of the study. Specifically, the question-
naire was reviewed by subject experts (agricultural extension 
and education and extension organization, faculty members 
of rural developments, agro-ecology and agro-climate spe-
cialists, senior doctoral students, specialists of department 
of agricultural research), who evaluated the interpretation 
of the questions, the length of the questionnaire, easiness 
of the questions, and clarity. A five-point scale (5 = strongly 
agree to 1 = strongly disagree) was performed to measure 
the opinion of the respondents on each question. Moreover, 
personal and professional characteristics including kind of 
membership, age, level of education and work experience, 
Irrigation method and crop type were included in the ques-
tionnaire. Next, to assess the reliability of the questionnaire, 
a pilot study was conducted among the farmers of Piran-
shhr city. After collecting 30 pilot questionnaires, the Cron-
bach’s alpha coefficient was calculated, showing coefficients 
that exceeded acceptable rates (α = 0.76 to 0.90) for all the 
scales used in the study. In addition to the questionnaire in 
this research, we applied the interview technique to reach 
the supplementary information. Data collection took place 
between October 2018 and April 2019. For the geospatial 
crop distribution analysis, SPSS (version 20) and software 
were used.

Results

First, in this chapter, climate change has been studied in the 
study area. Second, agricultural land use change was studied 
using satellite imagery. In the third stage, based on ground 
data, future predictions were made using the Clue-s model. 
Finally, farmers' behavior in adaptation to climate change 
was investigated.

Climate change in the south basin of the Urmia Lake

This paper analyzes climate variability and change in the 
south basin of Urmia Lake. The analysis was done of the 
mean monthly climate variability for the period 1987– 2017 
in the eight stations in the south basin of Urmia Lake. To 
cover decadal variabilities, we analyzed a 10-year average 
of the five variables, namely rainfall, humidity, average tem-
perature, minimum temperature, and maximum temperature, 
for the last 30 years. Our results indicate that the average 
rainfall has decreased by 10.3 mm and the average tempera-
ture has increased by 1.8 ℃ over these three decades. Results 
show that on average humidity has experienced a 5% decline 

over the past 30 years. The findings also indicate that the 
average maximum temperature increased by 3.5 °C and the 
average minimum temperature decreased by 1.3 °C in the 
last 30 years.

Historical land use change

The land use maps derived from different Landsat imageries 
are shown in Fig. 4. The supervised classification was con-
ducted in July and August for the years 1987, 1997, 2007 
and 2017. During field survey, the study area’s land uses 
were categorized into the following five groups: (1) water 
bodies, (2) irrigated agriculture, (3) rainfed agriculture, 
(4) dense grass and woodlands, and (5) sparse grass. Prior 
ground verification knowledge is essential to recognize the 
pattern of land use classes during supervised image classifi-
cation. By applying ground truth knowledge, the researchers 
identified the specific pixel along with their color tone to 
verify each land use category during image classification 
stage. A total of 1,932,020 ha of the land area was estimated 
for the whole of south basin of the Urmia Lake after super-
vised image classification.

The aerial distribution of various land use classes for the 
year 1987, 1997 2007, and 2017, and their change scenarios 
in between different time frames are shown in Fig. 5, respec-
tively. Figure 5 compares the results obtained from the pre-
liminary analysis of supervised classification. Overall, these 
results indicate that the water bodies in the district specifi-
cally shows greater variations. As shown, the water bodies 
have decreased from 24,652 ha to 7,424 ha, whereas sparse 
grass increased by 100,000 ha in the last 30 years. These 
findings may help us to understand that the area of agricul-
tural land (irrigated agriculture and rainfed agriculture) has 
been expanded gradually. But the area of dense grass and 
woodlands in each period has decreased significantly in the 
last 30 years.

Land use prediction

Analysis of factors

Various sources have been referred to investigate the factors 
affecting user changes (Willemen et al. 2002; Lin et al. 2012; 
Vahabzadeh et al. 2014; Babaiyaghdam and Ebrahimzadeh 
Asmin 2013). Several data sources are available for the con-
struction of the data set. A land cover map from 1987 was 
used together with data representing possible driving factors 
of land use change. The independent variables comprised 
soil, geology and landscape, socioeconomic, accessibility 
and climate data selected based on knowledge of the ongo-
ing processes in the study area. Table 2 shows the variables, 
variable code, units (e.g., %, m) and the type of variable (i.e., 
discrete or binary).
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Results of logistic regression

To examine what factors affect the land use changes in the 
Clue-s model, a logistic regression analysis was run with 
the land use changes (water bodies, irrigated farming and 
orchards, dry farming, dense grass and woodlands and sparse 
grass) impact as the dependent variable and independent 
variables of factors affecting land use changes in the area of 
south basin of Urmia Lake. Accordingly, a stepwise model 
was run to determine the regression model. Table 3 demon-
strates the correlation between factors affecting with super-
vised classification. According to the results, all independent 
variables of the research have a significant relationship with 

land use types. Thus, the results of the measurement model 
indicate an acceptable fit (ROC > 0.72) (Table 4).

Model outputs

The simulation results are based on yearly time steps. The 
CLUE-s model was set on a time frame of 10 years, from 
2007 to 2017. The period was chosen because policy-
makers use 2007 as a milestone for their policies (Iran's 
fourth and fifth development plans). The relatively short 
period of 10 years also limits the extent that certain driv-
ing factors will change over time. In the CLUE-s modeling 
framework, driving factors are assumed to be constant in 

Fig. 4  Land use change in the south basin of the Urmia Lake between 1987 and 2017
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time, while the land use in the south basin of Urmia Lake 
changes fast. Then the CLUE-s was used to simulate the 
future changes in land use pattern. Figure 6 shows the 
predicted land use patterns in 2027 under various factors 
affecting land use changes in the area of south basin of 
Urmia Lake using the CLUE-s model. According to the 
simulations, most reduction in the area of surface water 

reserves is to be expected in the south basin of Urmia 
Lake. Expansion of the irrigated farming and orchards area 
can be found throughout the whole region, mainly in the 
river valleys. Generally, the area of agriculture increases 
in the study area, but areas of water bodies and grassland 
decrease.

24,625 19,969 8,620 7,424 143,097 237,665 253,897 256,775 192,662 190,422 296,415 351,676 1,307,085 1,221,904 1,113,070 1,011,251 264,684262,220260,026304,892

1987 1997 2007 2017 1987 1997 2007 2017 1987 1997 2007 2017 1987 1997 2007 2017 1987 1997 2007 2017
Water bodies Irrigated agriculture Rainfed agriculture Dense grass Sparse grass 

AREA (HA)

Fig. 5  Distribution of land use classes in the south basin of the Urmia lake between 1987 and 2017

Table 2  Factors affecting land 
use changes in the CLUE-s 
model

Used data sources 1) SAM-Regional statistical data set; 2) SAM-regional spatial data set; 3) LUPAS data 
set; 4) geographic database of south basin of Urmia Lake

Factors (Variables) Variable code Unit Type

Geology 1 0–1 Binary
Slope 2 % Discrete
Height 3 Meter Discrete
Distance of rivers 4 Meter Discrete
Distance of main roads 5 Meter Discrete
Distance of rural road 6 Meter Discrete
Urban population density 7 Number per  km2 per commun Discrete
Rural population density 8 Number per  km2 per commun Discrete
Temperature 9 °C Discrete
Rain 10 Millimetre Discrete
Humidity 11 % Discrete
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Results of farmer's behavior

Sample description

Table 5 summarizes the demographic profile and descriptive 
statistics. The findings indicate that this survey research was 
conducted, the farmers came from seven townships and the 
number of farmers per county varies between 17 and 25. The 
majority of the distance of village to the townships center 
is 20 km or lower, with a mean distance of 17.25 km. The 
average age of the farmers who participated in the survey 
is 46.5 years, with an average of 24.5 years of experience 
in work or income-earning activities. While the majority of 
farmers (50.4%) had primary or secondary education, the 
rest had progressed beyond this to high school or university. 
The area of agricultural land owned by each farmer varies 
between 1 and 50 ha, with a mean of 9 ha agricultural land, 
our respondents distributed.

The F test (ANOVA)

The F test varies essentially in the method of quantifying 
the variability around the group means. The F-statistic is 
calculated from the squared sums of the differences between 
means. This difference has implications for the probability 

distributions and the interpretation of the two test statistics. 
Table 6 presents observations distributed among groups. 
Also, Duncan’s test was conducted to compare the mean 
of the two groups. On the one hand, there were significant 
differences between respondents’ views based on their work 
experience. In other words, work experience is an effective 
factor in farmers’ behavior in adaptation to climate change. 
On the other hand, there are no significant differences 
between respondents’ views based on their level of educa-
tion (Table 7).

Kruskal–Wallis test

Since the frequency of some levels of the variables is lower 
than the limit (≥ 25), the Kruskal–Wallis test was used. 
The Kruskal–Wallis is a nonparametric statistical test that 
assesses the differences among more than two independent 
samples on a single, non‐normally distributed continuous 
variable. According to the results, there are significant dif-
ferences between respondents’ views based on their town-
ships and age, implying that townships and age are effective 
factors in farmers' behavior in adaptation to climate change. 
However, there are no significant differences between 
respondents’ views based on the distance of village to the 
township.

Table 3  Results of logistic 
regression

The positive sign indicates the probability of increasing the independent variable
The negative sign indicates the probability of decreasing the independent variable

Variables Water bodies Irrigated 
farming and 
orchards

Dry farming Dense grass 
and wood-
lands

Sparse grass

Geology 0.018 0.006 0.137 0.080 0.041
Slope − 0.032 0.005 0.016 -0.045 − 0.115
Height 0.010 0.011 − 0.025 − 0.040 − 0.042
Distance of rivers 0.033 0.324 0.113 0.212 − 0.114
Distance of main roads 0.012 0.023 − 0.081 − 0.032 − 0.028
Distance of rural road 0.028 0.025 0.018 − 0.001 − 0.006
Urban population density 0.019 0.218 0.231 0.046 0.012
Rural population density 0.021 0.303 − 0.189 0.017 0.103
Temperature 0.109 − 0.014 − 0.157 0.317 0.087
Rain − 0.238 0.213 0.106 − 0.241 0.122
Humidity − 0.014 0.003 0.142 − 0.423 0.215
Constant (Exp (β)) 9.201 − 16.725 − 20.443 10.587 11.027

Table 4  Expected land use 
change in the south basin of 
Urmia Lake from 2017 to 2027 
(Ha)

Years Water bodies Irrigated agriculture Rainfed agriculture Dense grass 
and woodlands

Sparse grass

2017 7424.7 256,775.2 351,676.2 1,011,251.5 304,892.4
2027 2931.3 344,865.7 365,593.2 921,738.11 296,892.3
Expectance ▼ ▲ ▲ ▼ ▼
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Table 8 shows the KMO and Bartlett’s test. It is found that 
the sampling adequacy value is 0.745 and the Chi-square 
value is 1748.345, which are statistically significant at 5% 
level of significance. This implies that the 36 variables about 
farmers' behavior are adequate in explaining the concept, 
and the sampling distribution is also normal to explain the 
characteristic features of population regarding the favorable 
components in adaptation to climate change.

Factor analysis was performed on the results of the 
importance attached to each of the farmers' behavior in the 
decision-making process. Varimax rotation was used to 
classify and reduce the factors to interpretable components. 
According to the results of this study, eight components were 
extracted. The components instead of eigenvalues greater 
than 1 Cumulatively frequency of the extracted. The com-
ponents are orthogonal to one another, meaning that they 
are uncorrelated. For a component to account for at least one 
variable, it should have an eigenvalue (the sum of squares of 
its factor loadings) of at least one. This is the cutoff point for 
determining the number of components to be extracted with 
maximum or near maximum loadings. As Table 6 shows, 
the eight extracted components explain 57.399% of the total 
variability for all the 36 variables.

Then, the factors of farmers' behavior in adaptation 
to climate change were classified into eight categories. 
These categories are Incompatible factors, Entrepre-
neurship factors, Source water protection, Conservation 
agriculture, Informing factors, Modernization agricul-
ture, Compatible factors and Land use change. Based on 
Table 9, Component 1 (To surrender) includes statements 
such as cost-recovery behaviors and points to the passive 
of the farmers. Component 2 (Diversification) consists 
entrepreneurial behaviors and refers to the non-agricul-
tural aspects. Component 3 (Reform in irrigation pattern) 
refers to rules, water management in agriculture. Com-
ponent 4 (Reform in agricultural pattern) consists of the 
Implementing procedures conservation agriculture. Com-
ponent 5 (Reform in educational pattern) refers to items 
such as Participation in programs and awareness. Com-
ponent 6 (Reform in operating systems) includes the use 
of modern methods with minimum casualties, especially 
in agriculture water. Component 7 (Reform in Land Use 
Pattern) consists of statements such as change in the type 
of product or land use change for another job. Component 
8 (Cooperation and team working) includes appropriate 
and diverse strategies for adaptation to climate change.

Fig. 6  Expectance land use change in the south basin of Urmia lake to 2027
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To understand the current shortcomings and also the 
farmers' behavior in adaptation to climate change of our 
respondents, coefficient of variation score was used to sort 
their answers by importance. Table 10 shows a descrip-
tive statistic of the statements used to measure farmers' 
behavior in adaptation. Findings indicated that the compo-
nents “To surrender (X = 11.05)” ranked first, “Reform in 
land use pattern (X = 19.37)” and “Cooperation and team 
working (X = 13.76)” ranked in the second and third place, 
respectively. The component “Reform in irrigation pattern 
(X = 7.22)” and “Diversification (X = 8.18)” were ranked last.

Discussion

The objectives of this paper were to investigate how to apply 
the of land use change model in guiding regional planning 
with a focus on the case of the south basin of the Urmia 
Lake, using Excel, GIS and SPSS to analyze the agricultural 
land use change. Data were collected in three phases using 
Landsat images, statistics, and questionnaire.

First, the meteorological statistics of Iran were used to 
study climate change in the region. Changes were then ana-
lyzed using Excel in three periods of 10 years (1987–2017). 
This study confirms that changes were observed in all the 
factors investigated. For example, the average rainfall has 
experienced a decrease of more than 10 mm and the average 
temperature increased by 3.5 °C. These results are consist-
ent with the findings of studies done by Delju et al. (2013), 
Shadkam et al. (2016), Alizadeh-Choobari et al. (2016) and 
Shadkam et al. (2016), who conclude that the Urmia Lake 
basin has increase in temperature, decrease in precipitation, 
and decrease in surface and groundwater volume. There-
fore, the researchers (Misra 2017; Burnham and Ma 2016; 
Honarbakhsh et al. 2017) confirm that climate change is a 
complex and important problem, which poses significant 
environmental, agricultural and socioeconomic challenges 
for both developed and developing economies. Decrease in 
surface and groundwater, extreme temperature and decrease 
in rain and variations have severe negative effects on crop 
yields, and consequently upon the balance of food, sup-
ply, and demand for food products. Khazaei et al. (2019) 
confirm that water level declined about 8 m in the last 30 
years in Lake Urmia. These changes are felt most acutely 
within localized food systems, and small-holder farmers are 
particularly vulnerable. Since 70–80% of Iran's farmers are 
smallholders (Mohammadzadeh et al. 2016), the extensive 
climate change and drawdown trend of the water level pose a 
serious problem for Iran that will have a negative impact on 
the environment and agriculture. Therefore, linking small-
holder farmer climate change adaptation decisions will be 
crucial to agricultural development.

Table 5  Characteristics of survey participants (N = 153)

Variable Categories Frequency Percent

Townships Bukan 25 16.3
Miandoab 21 13.7
Saqez 19 12.4
Nagadeh 25 16.3
Mohabad 22 14.4
Shahindezh 17 11.1
Oshnavieh 24 15.7

Distance of village to town-
ship center (km)

 < 10 56 36.6
10 to 20 54 35.3
20 to 30 27 17.6
 ≥ 30 16 10.5
Mean St. D Min–Max
17.25 11.95 2—60

Age (years) Mean St. D Min–Max
46.5 16.42 21—87

Work experience (years) Mean St. D Min–Max
24.5 16.25 2—70

Total agricultural lands (Ha) Mean St. D Min–Max
9 7.07 1—50

Level of education Secondary 
school or 
lower

77 50.4

High school 53 34.6
University 23 15.0

Table 6  Comparison of mean 
views of respondents regarding 
variables

*p ≤ 0/05

Variable Categories Frequency M F Sig Duncan

Work experience (years)  < 10 39 92.96 5.06* 0.002 1 > 2, 3 > 4
10 to 20 40 98.68
20 to 30 44 100.65
 ≥ 30 30 106.53

Level of education Secondary school or lower 77 99.37 0.346 0.708 -
Diploma 53 100.09
Academic education 23 102.39
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The results obtained from the preliminary analysis show 
that in the last 30 years, all land uses have undergone signifi-
cant changes in the south basin of the Urmia Lake. The total 
area of agricultural land (irrigated agriculture and rainfed 
agriculture) has increased, whereas the water bodies, dense 
grass and woodlands and sparse grass have declined sharply. 
These results reflect those of Vahabzadeh et al. (2014) and 
Salahi et al. (2015), who also found that in recent decades, 
the land uses in the Urmia Lake basin have significantly 
changed. The results of their studies confirm that land use 
changes have been associated with increasing agricultural 
land and decreasing water bodies and grass and forests. 
Additionally, these results provide compelling evidence that 
land use planning fails to play an efficient role in protecting 
environmental resources in Iran, especially in the south basin 
of the Urmia Lake. The failure can be attributed to several 
issues associated with land use planning and protecting envi-
ronment that widely exist in south basin of the Urmia Lake: 
(1) weak coordination among responsible organizations; (2) 
the lack of rules defined in the field of land use change in 
Iran; (3) poor monitoring of relevant institutions. Cao et al. 
(2012) believed that sustainability in land use allocation 
can be defined as a long-term balance between economic, 

social and environmental dimensions: in other words, pro-
tecting the environment along with economic development 
and using resources to meet the needs of the community. 
These findings suggest that defining the problem of land 
use management is a complicated process. Due to the weak 
coordination among responsible organizations and the lack 
of expertise, it can be expected that the south basin of the 
Urmia Lake will face serious environmental problems in the 
near future if the trend continues.

This study does not only consider the acceleration of 
land use change due to climate change patterns and farm-
ers' behavior, because various factors affecting are the major 
driver of the land use changes in the south basin of the 
Urmia Lake. This report describes simulations of near-future 
land use changes with the Clue-s modeling framework for in 
the basin of Urmia Lake. Clue-s is successfully implemented 
for the heterogeneous landscape in the basin of Urmia Lake. 
For this purpose, using different information sources (Wil-
lemen et al. 2002; Lin et al. 2012; Vahabzadeh et al. 2014; 
Babaiyaghdam and Ebrahimzadeh Asmin 2013), the most 
important factors were identified and after examining the 
effects of these factors by logistic regression used as model 
inputs. Finally, according to past changes and the impact 
of factors, land use map of 2027 was prepared. The results 
are very worrying. Irrigated farming and orchards and dry 
farming will grow by nearly 9000 ha and more than 1000 ha, 
respectively. However, the environment is in serious danger, 
so that water bodies and grass and woodlands will decrease 
rapidly. The influence of climate change on agricultural land 
use can be mitigated by modifying current land use patterns; 
and slowing the rate of urbanization would also reduce the 
impact of climate change on hydrological components. Thus, 

Table 7  Comparison of the 
mean views of respondents 
regarding variables

*p ≤ 0/05

Variable Categories Frequency M Df Chi- square Sig

Township Bukan 25 53.08 6 17.83* 0.007
Miandoab 21 94.07
Saqez 19 82.39
Nagadeh 25 86.74
Mohabad 22 67.34
Shahindezh 17 97.50
Oshnavieh 24 66.90

Age (years)  < 10 56 74.80 3 0.408 0.939
10 to 20 54 76.52
20 to 30 27 80.35
 ≥ 30 16 80.66

Distance of village to 
township (km)

 < 30 30 59.67 4 23.30** 0.000
30 to 40 40 80.38
40 to 50 33 81.42
50 to 60 17 89.35
 ≥ 60 33 77.88

Table 8  KMO and Bartlett’s test

KMO measure of sampling adequacy 0.745

Bartlett’s Test of sphericity Approx. Chi-
Square

1748.345

Df 630
Sig .000
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land use adaptation on a local or regional scale provides 
an alternative way to reduce the impacts of global climate 
change on local land use patterns and environment. This 

result is consistent with those of other studies (Fathian et al. 
2013; Salahi et al. 2015). For example, Fathian et al. (2013) 
found that the area of irrigated farming and orchards and dry 

Table 9  Factor analysis results

Components Items Factor loading Eigen-
value 
criterion

Cumulative%

To surrender Increasing use of chemical pesticides 0.720 7.578 17.781
Immigration to the city (permanently) 0.617
Performing jobs other than agriculture 0.528
Seasonal migratory head of household to another place to work 0.507

Diversification Insurance of agricultural products 0.566 4.016 27/205
Tendency to do handicrafts and home-based jobs 0.544
Tendency toward entrepreneurial behaviors 0.513

Reform in irrigation pattern Irrigation canal repair 0.667 3.174 34.652
Reuse of wastewater and wastewater treatment plants 0.544
Selection the irrigation program according to rainfall and tempera-

ture information
0.510

Reform in agricultural pattern Using of products with a shorter growth period 0.688 2.544 40.621
Using indigenous digits 0.663
Cultivation of diverse agricultural products in a crop year 0.640
Using of resistant varieties to climate change 0.572
Paying more attention to trees and preserving forests and pastures 0.534
Selection of cultivation according to rainfall and temperature infor-

mation
0.512

Non-violation of the range of natural areas (rangeland, forest river, 
etc.)

0.502

Reform in educational pattern Collaboration with relevant plans for reforestation and pastures 0.664 2.044 45.418
Paying attention to expert advice and participation in agricultural 

extension courses
0.620

Consulting with an expert 0.578
Paying attention to the educational programs broadcast on radio and 

television
0.540

Attention and tracking temperature information throughout the year 0.514
Attention and tracking rainfall information throughout the year 0.501

Reform in operating systems Using suitable and covered channels to prevent evaporation 0.670 1.836 49.726
Use of sustainable agricultural practices in agricultural production 0.562
Changes in irrigation system (from traditional to modern or semi-

mechanized)
0.533

Reform in land use pattern Going to animal husbandry and developing it 0.662 1.723 53.770
Changes in agricultural land use due to climate change 0.650
Release part of poor land 0.580
Selection of product type according to available rainfall and tempera-

ture information
0.533

Put land into set-aside mode 0.515
Cooperation and team work Encouraging other farmers and villagers to adopt sustainable farming 

practices
0.702 1.547 57.399

Membership in cooperatives and associations to collaborate and help 
each other

0.682

Encouraging other farmers to attend extension courses 0.643
Changes in planting method 0.640
Change in how to prepare the land for planting 0.580
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farming has increased by 412, 485 and 672%, respectively, 
over the last 35 years. Their results also showed that range-
land was reduced by 34%.

To identify farmers' behavior in response to climate 
change, the mean/average comparison and factor analysis 
were used. One of the interesting findings in the sample 
description in our research is that farmers agreed to partici-
pate in the study with a mean age of 46.5 years and a mean of 
9 ha agricultural land. Also, the majority of farmers (50.4%) 
had primary or secondary education. This study supports 
evidence from previous observations (e.g., Mohammadza-
deh et al. 2016; Allahyari 2009). According to Aghasizadeh 
(2007), the majority (80.7%) were subsistence farmers. This 
study confirms that only 3% of the farmer’s population has 
higher education. This group is more susceptible to climate 
change damage than most people and groups, but they do not 
have adequate representation in management and decision-
making processes to effectively impact the policy. However, 
there was no significant difference between respondents’ 
views based on their level of education. This indicates a 
lack of proper education when studying in Iranian educa-
tional centers and lack of relevant educational and extension 
courses to raise farmers' awareness of the consequences of 
climate change and understanding farmers’ climate adapta-
tion. The results of Kruskal–Wallis test indicate that there 
were significant differences between respondents’ views 
based on their township and age. In other words, township 
and age significantly affect farmers' behavior in adaptation 
to climate change. Yohe and Tol (2002) confirm that inform-
ing and engaging people in planning is essential to adapt 
to climate change, because participation in planning the 
best agricultural protection methods will produce favorable 
results for farmers (subsistence farmers). The current study 
found that farmers' behavior in adaptation to climate change 
was classified into eight categories: To surrender, Diversifi-
cation, Reform in irrigation pattern, Reform in agricultural 
pattern, Reform in educational pattern, Reform in operating 

systems, Reform in land use pattern, and Cooperation and 
team work. These components explain 57.399% of the total 
variability for all the 36 variables. Afterward, to understand 
the current shortcomings and also the farmers' behavior in 
adaptation to climate change of our respondents, coefficient 
of variation score was used to sort their answers by impor-
tance. The most important relevant finding was the compo-
nents “To surrender (includes statements such as cost-recov-
ery behaviors)” ranked first, followed by the “Reform in land 
use pattern (consists statements such as change the type of 
product or land use change for another job)” and “Coopera-
tion and team work (includes Appropriate and diverse strat-
egies for adaptation to climate change)” ranked in the sec-
ond and third place, respectively. The component “Reform 
in irrigation pattern (refers to rules, water management in 
agriculture)” and “Diversification (consists entrepreneurial 
behaviors)” were ranked last. This finding contradicts that 
of another study (Le Dang et al. 2014), but is consistent 
with the findings of studies done by Darban-e-Astaneh et al. 
(2015) and Amadou et al. (2018), who conclude that poor 
monitoring of relevant institutions has a negative impact on 
the adaptation intention of farmers toward climate change. 
In this respect, it can be argued that farmers, when they feel 
and understand the economic pressures (such as reduction 
in agricultural income, lack of compensation at the time of 
natural disaster from the government, and high prices for 
agricultural inputs), will have less intention toward adap-
tive behavior.

Conclusion

Farmers in developing countries, including Iran, face consid-
erable socioeconomic and psychological barriers to adapta-
tion and climate change and farmers’ land use decisions. 
That is, most farmers do not have sufficient income to meet 
their expenses and family, and they have to do other work 
outside the farm. Along with all these shortcomings, eco-
logical crises and climate change and ecosystem will help 
make the challenge even more intense. Thus, in the absence 
of a guide to action, in the future, we must wait for the 
environmental disaster in the region. As a result, given that 
ongoing water bodies and grass loss is the greatest pressure 
facing biodiversity, our effort and approach must be formula-
tion of agricultural land use planning mechanism based on 
climate change. This study has found that lack of planning 
and awareness raised by the relevant institutions to prevent 
unsustainable land use changes. In general, with current 
policy and trends, the environmental challenge will become 
larger and wider. The results reveal that reform in irriga-
tion patterns is the best adaptation strategy. Also, reform in 
agricultural pattern, using of products with a shorter growth 
period and shifting from water-intensive crops like sugar 

Table 10  Ranking the respondents’ agricultural land use change fac-
tors (N = 153)

a Ranking is based on the coefficient of variation. Mean shows the 
average mean score of total statements

Components M SD CVa Rank

To surrender 11.05 2.02 0.182 1
Reform in land use pattern 19.37 4.05 0.209 2
Cooperation and team work 13.76 3.08 0.223 3
Reform in educational pattern 16.14 3.85 0.238 4
Reform in operating systems 7.66 1.94 0.253 5
Reform in agricultural pattern 16.06 4.44 0.276 6
Reform in irrigation pattern 7.22 2.06 0.285 7
Diversification 8.18 2.34 0.286 8
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beets, alfalfa and tomatoes to less water-intensive crops 
like wheat and potatoes is more compatible with future 
climate change realities. Of course, these strategies must 
be supported by the public sector and managers, but poli-
cies should be revised to make such crops more attractive 
to farmers. Changes in preparing the land for planting and 
reducing evapotranspiration are very important. Although 
the study focused on the south basin of Urmia Lake, the 
results are applicable to the entire basin of Urmia Lake and 
response to national and international concerns about the 
future of the basin. It has been established from the results 
that the basin of Urmia Lake will not continue at current 
levels in the future, since irrigated agriculture is increasing 
and rainfed agriculture is drastically decreasing. The water 
bodies, dense grass and woodlands, and sparse grass have 
declined sharply in the basin of Urmia Lake. On the other 
hand, there are significant changes in the climate variables. 
For this purpose, help from environmental and agricultural 
experts enable biologically informed decisions to be made 
regarding sustainable agricultural development and reten-
tion of habitat. Since many of the most important obstacles 
to adaptation practices in the agricultural sector occur at the 
farm level, understanding farmer decision-making around 
adaptation by planners and experts is essential. It is nec-
essary to make policies according to expert opinions and 
understanding of the problems of farmers at the level of 
farms and villages, to identify and resolve such obstacles, 
improve livelihood and ensure sustainable food supplies to 
meet long-term development outcomes.
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