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ABSTRACT 
 
 Any changes in land use is associated with lots of environmental consequences including soil erosion, urban 
sprawl, soil degradation, salinization, desertification, large increases in consumption of energy water and 
fertilizer along with considerable losses of biodiversity. In other word, problems emerged in the present age 
regarding the environmental management are indirect costs which have been incurred by human due to lack of 
proper understanding of land potential and carrying capacities. In the meanwhile, modeling the spatial pattern of 
land-use change can be applied to develop solutions for appropriate management of environmental issues. By 
modeling future land use changes based on actual and past land use situations it would be possible to meet the 
need for dealing with challenge of managing trade-offs between immediate human needs and conserving the 
ecosystems in a sustainable manner. The study ahead aims at reviewing various models of land use changes to 
determine the advantages and disadvantages separately. It provides an extended overview on effectiveness of 
modeling the land use changes. Lastly, it discusses about important factors that must be regarded in presenting a 
comprehensive land use change model. 
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Introduction 
 
 The earth was the first thing being exploited to 
satisfy the human needs and his settlement. The 
relationship between human and earth went back to 
long time ago. Considering these communications 
was traditionally along with its negative aspects, was 
mainly about the impacst of human activities on land 
and the tragic experiences of the barriers and risks of 
land and natural resources [9]. Several authors 
expressed three periods of time in relation with the 
changes in land cover and land use being done by 
human as follows: fire control, domestication of 
animals, use of fossil fuels. [58] Goudsblom and 
Vries 2004). The use of fire by human hunter in 
Palaeolithic period caused the habitats to change and 
the human territory to expand (Barnosky, et al., 
2004) By Neolithic revolution, the domestication of 
animals began and the emergence of agriculture in 
this period had an impact on the earth change and in 
the use of fossil fuels period which began three 

hundred years ago, scope and speed of human 
activities on earth were hastened and more lands 
were converted for human use with the advent of 
industrial revolution technologies and domination of 
the capitalist system, (Ramankutty, et al., 2003). 
Such changes gradually caused environmental 
concerns which these concerns can be seen in some 
publications including "Human role in changing the 
appearance of the earth" [14] "Silent Spring" (Carson 
1962) "the earth which has deformed by the human 
activities" [33] and etc. International attention to the 
issue of land conversion and its effects were 
published in the millennium ecosystem assessment 
report in 1993. It was pointed out that the loss of 
natural resources, grasslands and wetlands made the 
agriculture lands which were valuable habitats for 
many species and these lands provided specific 
ecosystem services for mankind (Millennium 
Ecosystem Assessment, 2003) In addition, the World 
Food Organization (FAO) declared in 2004 that the 
agriculture had an important role in the deformation 
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of lands and now approximately one third of 
agricultural land for cultivation and rangeland 
utilizations can be used. (FAO, 2004). In 1955, 
Land-Use and Land-Cover Change project (LUCC) 
formed as a major joint project from International 
Geosphere-Biosphere Programme (IGBP) and 
International Human Dimensions Programme 
(IHDP). [33] The three main divisions of mentioned 
project were to make revision of information about 
the dynamics of land cover and land use from local 
to global levels, to identify a number of important 
principles which can connect the local insight to 
predictive science and to create models that are 
available to researchers and stakeholders [35]. The 
strategy implementation of land cover and land use 
change project clarifies that for identification of land 
use changes the scientific community requires the 
quantitative and spatial data about how land cover 
has been changed over the past 300 years by human 
use and how it will be changed in the next 50 to 100 
years. This strategy is also revealed that the required 
data can be gained through direct and indirect 
observations about the places or periods of time that 
enough data are available for them or can be obtained 
based on designed models. This study is aimed to 
survey the experts’ investigation which is done in the 
field of land cover and land use changes modeling 
and the necessities of using these models are 
especially discussed in environmental planning and 
management. 
 
an overview on Revisions of Land Cover and Land 
use Changes Modeling: 
 
A: A Literature Review on Land Cover Land use 
Changes: 
 
 According to a research conducted by 
Briassoulis, et al., there are three approaches 
regarding land use studies over the last 150 years; 
narrative, agent based and systematic. Narrative 
perspective is in search of deepening the 
understanding of land use change by the study of 
historical details and its interpretation. Indeed, land 
cover and land use changes are the empirical basis 
for evaluating the validity and accuracy of insights. 
Agent-based approach is to investigate the behavior 
of agents either individually or in groups and system 
approach is in seek of understanding the 
organizations and social institutions which have 
created the opportunities and constraints in their 
decision making. [45,9].  
 The activities related to land use change before 
the twentieth century were various such as providing 
plan for spatial design with more efficient usage of 
land in 1826 by Von Thunen and investigating the 
scope and magnitude of the effects of human 
activities on the environment according to its history 
in 1864 by George Perkins Marsh [9]. Based on Von 
Thunen’s theory, every piece of land should be 

allocated to the land use in which is the most 
efficient one and also before intervention in nature 
the interactions of complex natural processes should 
be understood regarding to Marsh’s theory. He also 
mentioned the unintentional effects of human 
activities on nature and the effects which appear by 
being far from human activities and this led his 
research to be cited by many authors as a reference 
[33].  
 In the first half of the twentieth century, the 
systematic and scientific analyses of land use 
changes were mainly based on the obtained theories 
and models from different fields, especially 
economy, etc. Central spatial theory of (Christaller, 
1933) and the development of this theory by Losch in 
1940 were principally driven from economy 
sciences. Although these theories were not directly 
associated with land the main key factor was 
grounded on the concept of spatial location. 
Development of “Human Ecology" by Chicago 
school sociologists in 1920 had a great effect on the 
analysis of land use structure [12]. 
 In the second half of the twentieth century, the 
advent of interdisciplinary approaches was 
remarkable especially after 1970. The followed 
directions in the analysis of land use changes during 
this period were related to the changes in cognitive 
methods and theorizing in related disciplines and 
supported technologies. It named "quantitative 
revolution" not only in geography but also in 
economics and sociology planning in the 1950s and 
1960s. During this period, it was offered that the 
theories of land use changes would not be accepted if 
in these theories the restrictions were clear and  also 
the epistemological basis were questioned. 
Advancements in computer processing of data 
strengthened the qualitative and quantitative analysis. 
The common features of this period in the 
economical based analysis such as theory of the 
urban market by Alonso )1964(  were the analytical 
framework of general equilibrium and neoclassical 
welfare analysis which were supposed to generate 
Pareto optimal solutions to maximize economic 
welfare and also empirical analysis of land use 
changes in urban and rural areas in response  to 
issues such as reducing the city's land development 
[13,42,39,19] it is notable that these features 
emphasized on the price mechanism as the main 
determinant of the location of human activities. 
 The two behavioral and institutional approaches 
in land use change studies with sociology basis 
developed in order to explain the human activities in 
regard with various variables such as economical-
social conditions, family, etc.. Behavioral approach 
is in search of clarifying the patterns of land use as a 
function of effective factors on human behavior 
[34,31,11] and the main focus of institutional 
approach for explaining the spatial pattern is on the 
barriers imposed by social institutions on human 
behavior and it is considerable that the central 
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concept of this approach is "power" [31] . The 
prominent feature of all society-based approaches is 
that they interact with abstraction method with the 
spatial and human issues within them and they do not 
clearly mention the land use and its changes in 
relation with social causation. The models related to 
natural sciences approaches are based on the idea of 
ecological balance and the cause of changes in one 
area is chiefly considered due to the dynamic 
interaction of factors, population, resources, 
technology and institutions [41,14]. During this 
period the powerful observational systems which 
cover the whole world together with advanced spatial 
data management are able to monitor and to provide 
the land-cover change map. At the Beginning of the 
third millennium, it was better understood that none 
of the disciplines alone could not address the land 
use change analysis and despite the persistence of 
strong static field boundaries, a new form of 
scientific cooperation named cross-disciplinary was 
established. Cross-disciplinary orientation is strongly 
growing and only the society-based fields are lagged 
behind despite the great achievements that have been 
reached so far in the studies of land use changes. 
Moreover, these results of land use change analysis 
are mainly proof-oriented and experimental by using 
remote sensing and integrated models from the 
epistemological point of view. 
 
B: The Survey of the Structure of Land use Change 
Models: 
 
 Several revisions for the changing structure of 
land use with different goals have been done by 
researchers, but the general agreement is that the 
models are the tools for supporting the cause analysis 
and the consequences of land use dynamics  
[63,35,62]. Models are useful for the simplification 
of a complex series of biophysical and economic-
social forces which have a great effect on the rate 
and spatial pattern of land use changes whereas they 
are considered as being able to be reproduced and to 
complement our mental capabilities for analysis of 
land use, they also support the informative decisions 
[16].  
 Agrawal and others in 2002 deliberated the 
spatial and temporal dynamics and human decision 
as the three major dimensions of land use change 
models. They identified the scale and complexity as 
components of each dimension and these cases are 
respectively assumed to be the same as the duration 
of examined time by model and time step or the 
smallest unit of analysis time while pointing to the 
scope and level of resolution model as mechanisms 
of spatial scale .According to their beliefs, social 
science has not described the human decisions in 
acceptable and brief way for the modeling yet. 
Therefore, in the assessment models, he and his 
colleagues surveyed the investigation of agent and 
scope. 

 Agent is the decision-maker or nation or 
community and the scope is the largest community 
organization which is imported into model. In other 
words, the scope is organizational and geographic 
context in which the agent works in it. The scale is 
the time, place, quantitative or analytical dimension 
being used by researchers for measurement, 
processes and objects studying [20]. Several studies 
have introduced large-scales areas as global, 
continental, and regional spatial range and their 
analysis should be done by using high-resolution 
surfaces because of being costly, lack of access to 
appropriate data and being time consuming for 
accurate survey .The small spatial scale such as 
catchment, city and the areas along the river are 
chiefly examined in partial resolution level owning to 
the specific research questions demanding detailed 
analysis [1,35,18]. The relationship between different 
aspects of scale in modeling is considerable and there 
may be important interactions between the 
complexity of temporal and spatial scales and 
human’s decision making. Whenever a decision 
maker’s scale has changed, this change may have an 
effect on the decision’s time dimension. 
Furthermore, an agent should have information about 
the studied subject’s short-term and long-term 
horizons in which institutional memory and culture 
can often have an important role in this matter .In the 
study of spatial complexity, it is critical to consider 
the spatial representatives and spatial interactions. 
The complexity of land use models based on the 
dynamic dimensions of time, place and human 
decision take place in a range of models which they 
only have biophysical variables than the models 
which use a various kinds of agent’s decisions in 
connection with their choice and apply variables 
which affect other processes and outputs [1]. 
 (Parker and colleagues, 2002) described some 
models such as equations, systematic, statistical 
techniques, sophisticated, developmental, cell, hybrid 
and agent based models as the basis for current 
models of land cover and land use changes. 
 They believe that equation models may need to 
simplify to obtain the calculations and analysis and 
they are often grounded on impossible empirical 
assumptions in connection with static market 
equilibrium. Systematic model do not have the 
equation models but they act in the overall level or in 
a very coarse level of spatial and temporal resolution. 
Therefore, such models may have little explanatory 
power where heterogeneity and local interactions are 
important. On the other hand, the statistical models 
help to obtain visions of spatial heterogeneity effects 
and neighborhood effects, but these models are able 
to express the medium effects on the existing data. 
Hence, these models may be beneficial for planning 
the spatial dynamics and interactions only for the 
processes being constant during time and place. 
Whereas some statistical techniques such as least 
squares method are used for regional heterogeneity, 
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the fixed effects and random effects models can be 
representative of the spatial effects which occur in 
hierarchical spatial scale. On the other side, cellular 
modeling techniques have more flexibility for spatial 
and temporal dynamics but they are based on the 
constant transition probabilities and they have 
limited ability to reflect the feedbacks in the system. 
So that the overall changes in the system do not have 
impact on the cell surface changes. As a result, it is 
possible that none of the above models are able to 
express the effects of decentralized and non-
homogeneous human decision-making. Parker 
believes that multi-agent system models of land use 
and land cover change are useful to describe complex 
spatial interactions under heterogeneous conditions 
and to model the independent and decentralized 
decision making. Such models are combination of 
image land models cellular and multi-agent decision 
making these two components are integrated through 
internal allocation dependence and feedbacks 
between factors and environment. The cellular model 
is focused on land image and its modification and 
agent-based model is concentrated on human 
activity. 
 Agents are able to have self-control. This means, 
they have control over its activities and its internal 
status in order to achieve the control purposes. They 
share environment through communication and make 
decisions that link the behavior to the environment. 
(Sanders, et al., 1997). Land image, in terms of 
changes in land cover and land use, is a place where 
the activities of an agent can affect the activities of 
others. Agents should act on the basis of cognitive 
models on the grounds that the control objectives 
link them to environment through their behaviors. 
Some formal models of human decision-making that 
are well created are based on rational choice theory 
in a way that they assume agents as rational 
regulators with non-restricted access to information 
and with foresight and unlimited analysis 
capabilities. Whereas rational choosing models can 
have reliable explanatory power but some of the 
choosing-oriented fundamentals have conflicts with 
empirical evidence and they lead to questions about 
the empirical validity of the rational theory [54]. 
Recognition of complex environment in which the 
human decision making happens, has led to major 
advancement towards the agent-based models using 
some limited rational variables (Gigerezer and Todd 
1999). 
 In other words, perpetrators apply discrete and 
inductive choices which can help them to achieve 
goals instead of applying an optimal solution that can 
completely predict all the system's future situations 
(Bower and Bunn). The agent-based models and 
cellular model as components of a multi-agent 
system eventually lead to discover the relationship 
between systems theory, agent-based modeling and 
complexity theory (Phelan 1999). Complexity theory 
depicts the complex systems with nonlinear 

connections between changing identities, while the 
systems theory studies the static identities being 
related to known linear connections of flow and 
energy supplies, information or material. In addition, 
the theory system emphasizes on the flow quantity 
whilst complexity theory is in search of testing the 
features quality. Furthermore, complex behavior is 
assumed to be as a manifestation of interactions 
between system components but the model system 
tends to consider the parameterized reserves and it is 
presumed that the system is in balance due to 
constant connections between its elements (Parker, et 
al., 2002). 
 (Parker, et al., 2002) came to conclusion that 
from the used methods for modeling land use and 
land cover change the dynamic spatial simulation 
offers a good degree of flexibility, the cellular 
models reflect successfully the phenomena 
ecological and biological aspects and agent-based 
modeling is an appropriate tool to express  non-
general or non-condense decision making. Therefore, 
they offer multi-agent system simulation/land use 
and cover change (MASS/LUCC) that are dynamic, 
spatial and pseudo-simulations models .The most 
striking feature of these models is their flexibility 
and this means that these models can be designed for 
the complex land cover and land use systems. 
 In 2004 Verburg and his colleagues said that six 
key concepts in modeling are level of analysis, the 
dynamics of cross scale, driving forces, spatial 
interactions and neighborhood effects, time 
dynamism and coherence level. They expressed that 
the new generation of models is needed to show 
multi-scale land use system properties and to 
quantify the neighborhood effect by new techniques, 
to consider the time dynamics and to create higher 
levels of consistency between the interdisciplinary 
approaches and the models of urban and rural land 
use changes. Multi-agent models using to simulate 
the land should be based on detailed information of 
economic-social behavior under different conditions 
which this information can be obtained from 
sociological studies.It is important to note that the 
modeling of cultural-social forces is very difficult 
owning to the fact that human act as an individual 
decision-maker and as a member of a social system, 
therefore sometimes these roles have conflicting 
goals.  
 A range of different scales can be defined for 
each major process in land cover and land use 
changes which have impact on the pattern of land 
[24]. Frequently the scope of spatial scales in which 
the driving forces of land use change processes act 
together with those forces are related to the level of 
the hierarchical system based on hierarchy theory 
[44]. 
 It is considerable that there are two different 
multi-scale communication quantification approaches 
between land and driving forces. The first approach 
is based on data that are artificially networked at 
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various levels of analysis and at each level of 
analysis, relations between land use and driving 
forces are statistically determined [61] and the 
second approach uses multi-level statistics (Goldstein 
1995). Driving forces are divided into three groups of 
economic, social, biophysical and approximate 
causes [58]. To facilitate modeling, the driving forces 
are often assumed independent. For application of 
the driving forces in the model, it is important how to 
select them and how to quantify their relationship 
with land use change. The driving forces selection is 
largely dependent on theory assumptions, simplified 
matters and applied behavioral in land use system 
modeling. Verburg and his colleagues, 2004. stated 
three approaches to quantify the communication 
between land use change and its driving forces 
especially in models that used automatic cellular: 
approach based on the theory and physical laws, 
experimental methods and statistical techniques 
approach, expert knowledge approach. They also 
believe Cross sectoral analysis of land use patterns 
which the output reflects a long history of land use 
changes, eventuate more stable description of land 
use pattern. [28]. Since the changes are often 
nonlinear and thresholds play an important role, so 
the nonlinear behavior needs dynamic modeling with 
relatively short step. 
 Land use patterns nearly indicate spatial 
autocorrelation. Spatial autocorrelation in land use 
patterns is dependent on the scale. Automatic cellular 
calculate the state of a pixel on the basis of its 
original condition, the circumstances of surrounding 
pixels and some transition rules. Although it is very 
simple, it produces a very powerful attitude 
(Wolfram, 1986) The important thing is to achieve a 
balance between the effects of neighborhood as a 
consequence of direct interactions between users and 
adjacent land and the neighborhood effects driven 
from spatial autocorrelation in the driving forces. If 
too much weight is given to the interaction between 
land uses, modelers will face the model ignoring 
cause and effect accidents. 
 To understand the causes and effects of land use 
changes, it is essential to study the dynamic time 
interactions and spatial pattern of land use. 
Feedbacks are driven from the interactions of human-
environmental systems, heterogeneity in biophysical 
and human environment and the land use history 
effect. The land use pattern can be seen from an 
airplane window or from remote sensing images 
indicating land use spatial organization in associated 
with economic- social and the local biophysical 
conditions. 
 
Conclusion:  
 
 More than 15 years from the formation of land 
cover and land use change international project 
passed and different researchers from various parts of 
the world have followed this issue seriously during 

this time and a new field named land use science has 
evolved and emerged [23,18,25,16, 23, 50, 35]. As 
mentioned in the previous sections, models have 
been reviewed in terms of historical and structural 
aspects, this fact that a model cannot simultaneously 
cover all the scales and does not use the default, has 
been mentioned in several papers. Finally, a model 
selection is largely relevant to the nature of the most 
important land use conversions in the study area and 
the scenarios which are needed to consider in this 
regard .But according to strengths and weaknesses of 
the models, what is the modeling applications in 
environmental planning and management?. [62] 
mentioned that model creating is founded on 
assumptions that are the basic structure of the model 
and Verburg in 2002, stated that it is required to trust 
the weak data in order to express the under study 
systems complexity. While there is no precise 
definition of complex systems [5,6,66] but complex 
systems can be seen as dynamic systems that can 
show the organization detectable patterns through 
temporal and spatial scale. Complex systems are 
often defined according to dynamic strength of 
connections between components. Dynamic systems 
with poor bonds are regularly chaotic and changes 
due to small disturbances are quite large in such 
systems. 
 However systems with strong dynamic bonds 
may remain in a stable equilibrium during the 
movement. In terms of structure, complex systems 
are known with mutual inter-dependence, being non-
homogeneous and having nested hierarchy between 
factors and their environments. [38] (Le Baron, 2001; 
Parker, et al., 2002). In land scenery being under 
human’s effects, complexity is related to human 
decision and spatial aspects of the environment. 
There are internal dependencies between agents and 
also between agents and their biophysical 
environment during location and time. Factors may 
trust information from previous decisions about 
themselves or others for the decision-making 
strategies. This process leads to the inter-dependence 
between agents. Agent’s decisions will likely have 
time dynamic effects on the biophysical environment 
including soil, biodiversity and vegetation 
succession. Being heterogeneous may be expressed 
by biophysical environment, time and place factors 
and heterogeneity may change over time. 
Biophysical heterogeneity may cause changes in land 
use decisions and land cover results. Differences in 
soil quality, topography, vegetation, water quality 
and availability have effect on the relative success of 
land use selections and when the heterogeneity and 
internal dependence combine, it is very difficult to 
achieve analytical solutions. For many systems, 
special balance which is acquired for a system is 
based on the initial conditions of the model. (Artur, 
1994). In addition to the heterogeneity and internal 
communications, both social and biophysical systems 
are known by nested and hierarchical structures. If 
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the models are based on the analysis of land use 
structure (pattern), rather than changes in land use 
and they combine with dynamic modeling 
competition between types of land use so they have a 
wider range of applications. Often land use change 
models use once a year for the calculations. This 
means that the short-term dynamics are often ignored 
and when it can have an additive effect, the changes 
will be annually collected. However; this 
concentration can interfere with the shorter time 
scales decisions. (Laney, 2004). Environmental 
planning faces with complicated natural and man-
made systems and the vulnerability of human-
environmental systems is one of the key elements in 
research stability. [32]. Vulnerabilities occur not only 
from the exposure to risks but also it comes from the 
level of sensitivity and resilience of systems 
experiencing such risks [58]. Vulnerability and 
resilience of ecosystems are relevant to the spatial 
distribution of land use types through the land [58] 
(Sala, et al., 2002). Since the relationships are non-
linear in the environment, in such cases the 
thresholds are of high importance, therefore losing 
time and determining management measures 
regardless of its consequences before the event, does 
not seem right. System-based research approaches 
are essential in order to improve our understanding 
of the mechanisms leading to vulnerability and losing 
the environment and ecosystems resilience. Land use 
changes is one of the main vulnerability determinants 
in the human-environment systems and ecosystem 
function can be the answer to land use changes in the 
spatial pattern as a result of habitat fragmentation, 
changes in land feature diversity, shape and size of 
patches and other similar processes. So studying the 
changes in land features pattern is an important 
component of vulnerability assessment as a result of 
changing land use. In environmental systems, land 
use and land cover changes are created by human 
activities and in many cases they cause changes that 
have effects on human. Modeling these changes is 
important to shape effective environmental policies 
and management strategies. Especially in 
environmental planning, land use modelers should be 
in contact with policymakers in order to be aware of 
their needs. Besides, modelers should realize the 
interactions between the changes driving forces in 
relation with policymakers’ questions. The selection 
of model should be done according to research 
question and in small-spatial scale which the 
investigation of details are important the high 
resolution level should be used and if it is necessary, 
the integration of multiple models can be used to 
achieve research objectives. 
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