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Abstract

Background: Population growth and the expansion of cities together with an increase in environmental pollution
from human activity create non-principled changes in vegetative cover and land use in forestland built-up areas
and agricultural land and increase the exertion of non-principled land productivity methods.

Methods: In this study, the proximity to and the amount of agricultural and forestland were used in the analysis
and modeling of the land use changes. The probability of the conversion of agricultural and forestland to built-up
areas use was modeled using the Markov chain.

Results: The results indicate that the southern part of Gorgan ranked first in likelihood of the land use/land cover

Naharkhoran forestland to built-up areas.

System (GIS)

(LULQ) change. It is necessary to implement procedures to control the change of high-grade agricultural land and

Conclusions: It is clear that without attention to planning for protective procedures, the trend toward changing
agricultural and forestland to built-up areas will continue and have adverse effects on the regional environment.
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Introduction

Rapid urbanization has led to dramatic changes in land
use practices. The growth can expand new residential
developments and damage the surrounding areas and
lead to urban sprawl (Torre et al., 2014; Nanda and Yeh,
2014; Hosseini et al., 2010). The incompatibility between
the amount of land for inhabitants of agricultural areas
around a city and that for urban inhabitants is the obvi-
ous result of such change (Palermo, 2014). Agricultural
land surrounding cities play an important role in provid-
ing food security and income for the rapidly-growing
urban population (Pathirana et al. 2014). The expansion
of the ecological footprint of cities challenges the foun-
dations of sustainable development.

Land use/land cover (LULC) change is important for
social, economic and regional development and environ-
mental change (Chen et al., 2013; Barsimantov & Navia
Antezana, 2012; Zhang et al., 2010; Klosterman, 2008).
Urban management must develop urban regions to meet

* Correspondence: a.hosseini@utac.ir

“Department of Geography and Urban Planning, University of Tehran, Tehran
1417854151, Iran

Full list of author information is available at the end of the article

@ Springer

public needs and benefit the current and future residents
of cities and the areas surrounding them. Tools should
be provided for the regional control of cities (Carvalho
Ribeiro et al., 2013). Traditional methods and large-scale
precision land surveying on the ground is expensive and
time-consuming and, in some cases, impossible. New
tools and methods are necessary in such cases. Remote
sensing technology offers high spatial resolution and is a
valuable mechanism for the monitoring, diagnosis, iden-
tification and zoning of natural resources, especially in
land-use mapping (Tan et al, 2015). Remote sensing
digital images provide updated information and compre-
hensive views and use different parts of the electromag-
netic spectrum to record characteristics of the area
under study (Antwi et al, 2014; Fonji and Taff, 2014).
The repetitive land covers, speed and variety of data
types are of great value (Mabwoga and Thukral, 2014).
Remote sensing is the major source of data and is used in
the study of areas with urban or manmade characteristics,
landscapes and natural environments (Peled and Gilichinsky,
2013; Ye and Fang, 2011; Bhatta et al., 2010; Pelorosso et al.,
2009). In combination with GIS techniques such as the
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Markov chain model, it provides a device for monitoring
spatial development to increase understanding of current
trends of development. It can be used to estimate develop-
ment of a city and to implement necessary control measures.
Understanding the proportion of land use and its changes
over time is essential for planning and development of con-
trol measures.

Study area

Gorgan is the provincial capital of Golestan province
and a major center of economic, social and cultural life
in the province and in Iran. The National Physical Plan
has shown that in the past decade, the urban network of
Gorgon, like the rest of the country, is population absorb-
ent and vulnerable to improper development of urban
spaces (Mirali-Katouli, 2002).

Gorgan sits in the western part of the province at an
average altitude of 155 m. It is located at 24°54' east
longitude and 49°36° north latitude on the northern
slopes of the Alborz mountain range. The area south of
Gorgan overlooks forested mountains adjacent to the
major highway to the north. The growth and expansion
of the city is greater along the highway. The heights to
the south and southwest of the city are major physical
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barriers to the development of the city in these direc-
tions (Figure 1) (Varasteh Moradi 1997).

The Gorgan and Gonbad plains are major agricultural
regions and the city is expanding into the fertile farm
land. The dense forests are subject to heavy rainfall that
has leached salinity from the soil, which makes it excel-
lent for farming (Shahkohi, 1999). The forestland soil in
these areas is composed of humus and is quickly used in
cleared areas. Some forestland is composed of loess and
are appropriate are for pasture land. The alluvial plains
contain the remnants of torrential rivers and features
clay soil in some areas. Soil salinity has gradually in-
creased in this area and agricultural products are culti-
vated using irrigation. The slope of these lands is less
than 1% (Gorgan Watershed 2001).

Studies of the Gorgan plain in 1974 show a population
of 74164; by 1994, population was 180726. The city
population in 1976 was 88,033, increased during 1996 to
1986 to 139430, was 188710 in 2006 and is currently
more than 269226 (Plan and Architect Iran Consulting
Engineers, 2006). Study of population changes in the city
shows that of the 80,516 increase in population between
1996 and 2006, 58,219 were immigrants. It is estimated
that the population increase of the city of Gorgan will
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Figure 1 Gorgan satellite image, a view of the area (white spots are built-up areas) Source: Geography Organization 2013.

-~ & P

2 Y
. ¢ [ Caspian Sea

Y
\

v
™~
4
S ‘_H""‘*\ l.-\.m._“m - )
L Oman Sea T
0 125 250 500 750 1,000 km

[ s e —




Mirkatouli et al. City, Territory and Architecture (2015) 2:4

continue in the future (Iran Statistical Center, 2013). A
realistic assessment is that it will reach 341,858 by 2023.
It is clear that with such population growth will place a
large number of new demands for built-up areas.

Methodology

A comparison of the post-classification method was used
to measure change the level of LULC types, especially
residential and built-up areas. Land use was classified
into six types. This method minimizes measurement and
environmental atmospheric effects in the multi-temporal
images and provides a complete matrix of the change in-
formation. The present study provides a map of the se-
verity of change (change or lack of change).

A combination of methods for image subtraction and
principal components analysis and the division of images
and principal components analysis were used to achieve
exact results since the application of only one method
limits the precision of the results. Principal components
analysis cannot be considered for the purpose of research
because information on LULC change will not appear for
only one component (Trincsi et al., 2014; Gong et al. 2015).

Maps of LULC change were developed using a com-
bination of methods and by overlapping of different
information layers. TM and ETM images from the study
area in 1991 and 2013 years were first prepared. Then a
topographic map of the area was corrected and coordi-
nated using selected ground control points (37 points).
Atmospheric changes were rectified using the atmos-
pheric and topographic correction (ATCOR3) method
(Balthazar et al., 2012) and had a root mean square error
(RMSE) of 0.33. Interpolation of the images was per-
formed using the nearest neighbor algorithm. Examples
of different types of the LULC classes (forestland, agri-
culture, built-up areas, unused land and other lands)
were specified on area images and classified using spec-
tral angle mapping. This method uses the angle between
components or spectral members for classification and
the angles of individual pixels relative to the position of
the training pixels according to Eq (1):

Z ripi
n : n

Z rizz pi2
i i

cosf =

where 6 is the angle between the reference spectral
member and the intended spectral member; r is the ref-
erence spectral value; and p is the intended pixel spectral
value (Lillesand et al., 2008); Schott, 2007; Richards and
Jia 2006).
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Figure 2 Six modes of conversion for forestland, built areas and

agriculture land use.

Markov chain analysis

Markov properties or characteristics are characteristics
of random processes in which the conditional probability
of a future event depends only on the most recent incident
(the present event) and not on past events. In mathemat-
ics where X(¢), and ¢ > 0 is a stochastic process with
the Markov property (Gong et al., 2015; Aurbacher and
Dabbert, 2011; Eksler, 2008), then Eq.2:

Pr[X(t + h) = y|X(s) = x(s), Vs<t]
= PefX(e + k) = yIX(2) )
= x(¢)],Vh > 0.

In discrete time for a process like {X,,|n € N} with Mar-
kov properties, the result is {P{Xn + |1Xn =xn}. Such
processes are usually addressed using a Markov chain
(Feitosa et al., 2011). Markov chains model probable
forecasts of stochastic processes where the future state
of a system depends on its current state (Thompson &
Waddington, 2014; Guan et al., 2011).

Forestland
: Built-up
Agriculture | 4 Land

Figure 3 Three changes for agriculture, forestland and built-up
areas use in study area.
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Table 1 Comparison of the classified images of 1991 and 2013

1991

2013 Forestland Agriculture Built-up areas Unused land Jungle park Other lands Sum
Forestland 201220 393 049 1.57 0.0 061 2018.80
Agriculture 25357 1784.75 0.00 1415.16 94 1.05 346393
Built-up areas 5147 768.38 1968.34 217664 0.0 12.30 497713
Unused land 37231 558.24 0.00 1062.03 1.27 1.54 199539
Jungle park 3548 9.34 087 11491 46.52 1.14 208.26
Other lands 0.84 423 0.12 3.06 0.10 678442 6792.77
Sum 2725.87 312887 1969.82 477337 57.29 6801.06 19456.28

A first-order Markov chain is a suitable statistical
model to evaluate and predict two-state events (occur-
rence or non-occurrence) which can be used to provide
a clear framework for ideas and data and the combin-
ation and modulation of them. It can be used to predict
and evaluate different scenarios for LULC change, to for-
mulate parameters and variables and perceive patterns
and their correlations (Yang et al.,, 2012; Kamusoko et al.,
2009). The first-order Markov model assumes that, to

predict the state of a system at time ¢ + 1, it is sufficient
to know the state at time ¢.

The model is based on the transfer matrix (p), which
indicates the possibility of change of two types of cover
(i and j) relative to one another over a period of time.
This matrix is calculated by comparing the classification
of the images from 1991 and 2013. The future state of a
system at £+ 1 can be calculated through the transfer
matrix at the current state of the system (xf) as ¢t + 1.
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Figure 4 LULC map obtained from classification in 1991, the area of study.
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Figure 5 LULC map obtained from classification in 2013, the area of study.
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The system at time 2 + tisxt + 2 = xt + 1. p = xt pp = xtp2.
At time ¢ + k, it is calculated as xt + k = xt pk (Haibo
et al, 2011; Meyn and Tweedie 2009). Since any change
in the system eventually leads to a stable state (no per-
ceptible change and stability over time), the state of the
system in the steady state (7) is calculable as Eq. 3:
n=mnP (3)
where 7 is the potential vector state (in relative amounts)
and P is the transition matrix (Meyn and Tweedie 2009).

Table 2 The value of the classes of agricultural and
forestlands

Class Agricultural Percentage Forestland size  Percentage
Land size of changes of changes

1 94.21 63.14 5418 94.34

2 43948 5291 162.54 87.08

3 75491 46.68 25549 81.84

4 112035 38.94 74632 69.64

5 164344 31.08 140147 31.53

6 8317.16 9.14 2764.79 7.71

Since the type of LULC in the region evolves and
changes, the stability of the approximate total area of land
use and increases or decreases in the area of one type of
land use will lead to an increase or decrease in other types.
Possible transforms between the three major types of land
use in the study area (forestland, agricultural, built-up
areas) is shown in Figure 2 with six modes of conversion
(forestland to built-up areas forestland to agriculture; agri-
culture to built-up areas; agriculture to forest; built-up
areas to agriculture; built-up areas to forestland):

In practice, some conversions, like the conversion of
built-up areas to agricultural or built-up areas to forest-
land, rarely occur. For the purposes of this study, three
dominant states of conversion and transfer of land use is
most common. Environmentally, the changes are alarming
and must be modeled and studied. Figure 3 shows these
three changes from forestland to built-up areas, forestland
to agriculture and agriculture to built-up areas.

Results

Table 1 shows the classified images from 1991 and 2013.
During this period, of the 2018.19 ha of forestland,
233.57 ha converted to agricultural land and 51.47 ha
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Table 3 The relationship between the conversion of
agricultural land and distance from the built-up areas in
the different classes

Class Distance from Agricultural Forestland change
Built-up areas land change

1 426.59 1864 5174

2 162643 1826 2313

3 2648.28 699 1212

4 3294.76 43 139

5 4763.24 9 11

converted to built-up areas. From 3463.93 ha of agricul-
tural land, 768.38 ha converted to built-up areas. The
mean distance was calculated from built-up land use as a
benchmark to evaluate and assess the process of change
for agriculture and forestland use. Images from 1991 and
2013 show five classes and an average mean of 400 meters
according to the processes of Figures 4 and 5.

Table 2 shows the value of the six classes. In class 1,
for agricultural land for the smallest pixel size (94.21
units), the amount of change was 63.14%. In class 6, with
the largest pixel size of 8317.16, the amount of change
was 9.14%. The southeastern areas and north of the city
of Gorgan showed the most change. Distances further
from the city, especially on both sides of the main highway
has not been previously studied well. The determination
coefficient between the sizes of the plots and the degree of
conversion to built-up areas was estimated to be 0.93. The
smallest pixel size (54.18 units) for forestland showed a
change of 94.34%; for the maximum pixel size of 2764.79,
the amount of change was 7.71%.

Page 6 of 9

Table 3 shows the results of the relationship between
the conversion of agricultural land and distance from the
built-up areas in the different classes. The conversion rate
is greater for classes nearer built-up areas and decreases
as the distance increases. Table 3 shows that at an average
distance of 426.59 m from built-up areas, the conversion
rate in class 1 of agricultural land was 1864 pixels and for
forestland was 5174 pixels and in class 2 was 1826 and
2313 pixels, respectively, illustrating the decreasing trend.
The correlation rate between distance and conversion of
agricultural land has a 0.86 coefficient of determination,
which indicates a meaningful relationship between these
two variables.

The results of Markov chain analysis indicates that
when other terms and conditions are held constant, the
current conversion rate from agricultural and forestland
to built-up areas will decrease the amount of these types
of land use 3.2% and 4.1%, respectively in 10 years. The
transfer and projected transfer between built-up areas,
agricultural and forestland, respectively, for 1991 was
18.7%, 39%, and 42.3%, for 2013 was 31.1%, 34.9%, and
35.5% and for 2023 will be 36.2%, 29.9%, and 29%. This
represents an increase of the size of the urban area and a
decrease in agricultural and forestland (Figures 6, 7 and 8).

Population growth and urban development that is
rural in nature has increased the urbanization of agricul-
tural and forestland. The influence of urban areas
around and adjacent to commercial centers were studied
for the province of Gorgan. Because the agricultural land
in the area is of high grade and the forested areas have
scenic beauty and resources, the conversion of agricul-
tural and forestland around the urban center of the
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Figure 6 Forestlands of importance from the viewpoint of the risk of change into built-up areas within the next ten year period (2013-
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Figure 7 Agricultural areas of importance from the viewpoint of the risk of change into built-up areas within the next ten year period

province cannot be equated with urban sustainable de-
velopment indicators.

The relationship between the conversion of agricul-
tural and forestland based on the size and distance from
built-up areas was examined. Non-normative changes in
vegetation and land use in built-up areas, agricultural
and forestland, especially from 1997 onwards, indicate
that the need to investigate the relationship between
LULC changes in the area and assess the impact of
urban development on these lands is twice what it would
be for urban areas in less sensitive locations. The his-
toric and confined nature of the city influenced the pre-
dictions for 2020. The predicted conversation to built-up
areas from agricultural and forestland will increase
51.35 ha and 43.79 ha, respectively for this time period.
The absence of linear growth and concentration of

population in developing urban areas means that more
accurate statistics on this conversion in the coming years
will be greater than the estimated figures.

Conclusion
The employment of LULC change detection methods
using satellite imagery and the analytical functions of dis-
tance and size in the GIS environment can help determine
the process and pattern of significant changes in LULC. A
good example of this is deforestation and the conversion
of agricultural land to built-up areas. The identification of
changes in the supervision and management of urban
development should play a major role in the determin-
ation of principle policies for future land.

The horizontal expansion of the city of Gorgan includes
factors such as military land use. The size of the land use
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in 1976 was 284,500 m?, in 1994 was 395000 m* and in
2006 was 419523.6 m®. Other factors influencing horizon-
tal development of Gorgan are the change in land use and
housing policies in the southern areas of the city, popula-
tion migration after the 1979 revolution and ambiguity in
the city codes and regulations after ratifications of the
findings of the five-article plan for 2001 to 2006. The re-
sult was that more than 455 ha of agricultural and forest-
land to the south of the city was approved for urban
development by the commission.

Mismanagement of tourist projects near forested areas
in Naharkhoran, uncontrolled immigration, the high per-
centage of unnecessary LULC that increased the amount
of unused land, urban and rural integration and the
horizontal expansion of villages in Gorgan province are
factors contributing to uncontrolled LULC.

The model results for 2013 showed a decrease in the
level of forestland and agricultural land use from 1999,
5.1% and 3.6%, respectively. It is imperative to find a solu-
tion to prevent this undesirable trend of conversion and
destruction of forestland and agricultural land use. The
present study presents an experimental model that clearly
predicts the rates of LULC change and explains these
changes. The model is experimental; thus, it is important
to confirm how closely it has predicted the nature of
development and changes over time. It must be deter-
mined how accurately past change can be used to predict
future change.

The results of this study reveal the patterns and reasons
behind changes in LULC in the past, present and future
and provide an appropriate perspective for planners when
managing land use. These results can be applied to assess
the effects of development, evaluate the cumulative effects
of projects, and identify vulnerable zones and aid in their
reclamation. Finally, the results can be used to implement
projects to decrease the effects of the destruction of forest-
land and agricultural land that will decrease greenhouse gas
emissions and conserve the biodiversity of the area.

Gorgan is the provincial center and offers social, tourist,
economic, industry attractions. It dominates the region
because it is located between the flat plains to the north
and the forested areas to the south and is adjacent to agri-
cultural areas. The effects of city expansion are great and
require systematic and planned development of the city.
Programs to monitor activities that exploit forested areas
and expand construction in the region, especially for the
tourist and recreational area in Naharkhoran, is essential.
Land use planning must take into consideration to prevent
the destruction of agricultural land and forested areas
around the city. This type of planning will affect the future
of agricultural production, timber production, and recre-
ational and leisure activities. It is evident that the regulation
and monitoring of urban development projects and settle-
ments must be the result of careful and consistent planning.
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