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USING THE CELLULAR AUTOMATON MARKOV MODEL FOR
FORECASTING AND ASSESSING OF LAND USE CHANGE IN THE
FUTURE IN NAKDONG RIVER BASIN IN KOREA
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Abstract: The forecasting and assessing of landuse change in the future is not only a plays a
significant role to assess change of land use changes but also great significance in help for water
resources management, land use resources planning and management in region. Therefore, the
main objective of this study is to forecast and assess of land use change by combined using both of
Cellular Automaton and Markov (CA_Markov) model, which was simulated to Nakdong river
basin. The forecasted results of the land use change showed the large change of two land use types
that was an increase of urban land area from 1.44% to 5.59%, while agriculture land area was
significantly decreased from 25.99% to 21.26% from year of 2000 to 2080, respectively. Other
periods of land use future of 2030, 2050 with increasing of urban land percent of 3.42%, 4.25%,
while decreasing of agriculture land percent of 23.82%, 22.85% respectively. Others land use types
is not so much to change. These results of paper showed the land use change which is really
necessity to consider long-term adaptation and mitigation strategies for land use management in

the future in study area.

Keywords: Land sue change model, Nakdong river basin, Markov chain

1. INTRODUCTION

Land use changes is a main issue of global
environment change, is central to the sustainable
development debate. Landuse and land-cover
changes have impacts on a wide range of
environmental and landscape attributes including
the quality of water, land and air resources,
ecosystem processes and function, and the
climate system itself through greenhouse gas
fluxes and surface albedo effects. Whilst, a few
years ago, most land-use and land-cover change
research was focused on land-cover conversions
(e.g., deforestation, urbanisation), researchers
have increasingly realized that more subtle
processes leading to a modification of land
cover deserves greater attention. Land-cover
modification is frequently caused by changes in
the management of agricultural land use
including, e.g., changes in levels of inputs and
the effect of this on profitability or the periodicity
of complex land-use trajectories, e.g., fallow
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cycles, rotation systems or secondary forest
regrowth. There are several models which used
to assess land use change as included Markov
models, logistic function models, regression
models, econometric models, dynamic systems
models, spatial simulation models, linear planning
models, nonlinear mathematical planning models,
mechanistic GIS models, and cellular automata
models. (Alexandra D et al., 2005) used a
cellular automata model to forecast the effects
of urban growth on habitat pattern in southern
California, (Kok et al., 2001) Evaluating impact
of spatial scales on land-use pattern analysis;
(Brown et al., 2002) Stochastic simulation of
land-cover change using geostatistics and
generalized additive models; (Clarke et al.,
1998) Long-term urban growth prediction;
(Eastman et al., 1998) Multi-criteria and multi-
objective decision making for land allocation
using GIS; (Eastman et al., 2005) Transition
Potential Modeling for Land-Cover Change;
(Jiao et al., 2006) Transition rules elicitation
methods for urban cellular automata models;
(Almeida et al., 2003) Stochastic cellular
automata modeling of urban land use dynamics.
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(Agarwal et al., 2002) A review and assessment
of land use change models.

These land-use changes have important
implications for future changes in the Earth’s
climate and, consequently, great implications
for subsequent land-use change. Impacts of
land-use change scenarios on hydrology and
land-use patterns. Some studies have been
carried out to estimate the effect of land use
changes on the hydrologic response of catchments.
The principle of the paired watershed design has
served as the reference for all research of the
impact of land use changes on hydrology.
Moreover, the selection of the watersheds is
such that land use and land cover change that is
also change in different spatial in river basin
and it can be the results of change of flood
frequency, base flow (Wang et al., 2006), water
quality (Lee et al., 2008), Estimating the effect
of climate change and land use change on
surface runoff change hydrology and water
quality (Jong et al., 2009); Tests the generalized
watershed loading functions model using
predicted land-use from the CLUE-S model
(Verburg et al., 2004). Therefore, main objective
of study is to forecast and assess the future land
use change on study area, which provide a novel
approach by a land change models. This is new
and essential for evaluating the spatially
distributed and temporal effects of land use
changes in Nakdong river basin in Korea.

2. STUDY AREA

The Nakdong River basin is situated in the
monsoon region of South Korea (35-37° N,

127-129° E) (Finger 1).
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Figure 2.1. Location of study area

This region is characterized by heavy rainfall
in the monsoon season in early summer from
June to August. The river drains an area of
23.817 km2 and length of the main stream is
over 525 km.

3. MATERIALS AND METHODS

In this study CA Markov model is used to
forecast land use change in the future whichs is
a powerful tool and combined of Cellular
automata models and the Markov model. In
specific, the Markov chain analysis describes
the probability of land use change from period
to another by developing a transition probability
matrix between t1 and t2. The probabilities may
be accurate on a per category basis but there is
no knowledge of the spatial distribution of
occurrences within each land wuse classes.
Howevere, In order to add the spatial character
to the model, therefore, Cellular automata (CA)
model is integrated to the approach. In the CA
analysis, it operates on a grid based cells or
pixels and transition rules that are applied to
determine the state of a cell, the land use was
treated as a dynamic system in which space,
time and the states of the system were treated
discretely. The Cellular Automata model allows
the transition probabilities of one cell to be a
function of neighboring cells. In conclusion, the
Markov chain process temporal
dynamics among the land use classes based on
transition probabilities, while the spatial
dynamics controlled by local rules
determined by the Cellular Automata. (i) First,
creating transition probabilities matrix: This
research use CA-Markov to analyze the two
images to output a transition probability matrix,
a transition areas matrix, and a set of conditional
probability images. it records the number of
pixels that are expected to change from each
land cover type to another type over several
time units. (ii) Second, creating group of
suitability maps: transition suitability maps were
produced by constraints and factors from land
use types. (iii) Third, Spatial distribution of

controls

arc

62 KHOA HOC KY THUAT THUY LOI VA MOI TRUONG - SO 51 (12/2015)



simulated land-use probability: In CA_ Markov
model, the transformation rules participation
simulation process in the form of land use
transition probability. Then CA Markov will
use the transition areas and the conditional
probability images to predict land cover change
over the period specified in Markove chain
analysis. (iv) Finally, specify of period for
interactions to simulate land use change in the
future result

In this study, required two observed land
use maps from two different periods that is
used to develop the transition probability
matrix and transition area matrix as the land
use maps of 1980 and 1990. The file of
transition area matrix determines the number of
cells that are expected to change from each
land cover type to each over next time. A
specific Markov chain matrix was deriver for
each period of land cover projections. In this
study, three of land use forecast of 2030, 2050,
and 2080 that were used to forecast land
change in this study. All of the structure and
concept of the model are shown in flow chart
in Figure 3.1 that described the methodology
applied to calibrate, validate, and simulate of
the model to achieve objective of study.
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Figure 3.1. Schematic diagram of the
proposed modeling framework

4. RESULTS AND DISCUSSIONS

4.1. CA_Markov model calibration

These results of calibration is based on
known land use maps for two different time
periods for the Nakdong river basin of 1980 and
1990 for calibration and land use map of 2000
for validation. Result of calibration is control by
a hard rule because a location is considered
suitable by exactly meeting all the criteria. In
the boolean approach all the factors were given
equal importance in the final suitability map, the
boolean approach was further standardized to
represent the probability with range from O (the
least suitable) to 255 (the most suitable) of a cell
to be suitability for land use using weighting
factor and this result was accepted based on
suitable weights. The results of calibration from
building the constraints were obtained as shown
in Figure 4.1. Transition rules (suitability maps)
were developed in a binary scale boolean
approach of 0 and 1 as shown in figure 4.1

Keep intact 250m buffer zone from Waterbodies _River Urban land sxist |s t9 ksep Intact

LI
L&

Figure 4.1. The maps of constraints

In addition, the membership functions used
for standardizing the variables in this study
which was Dbased on determined the
standardization of wvariables. The result of
variable factors after standardization as simulate
in Figure 4.2 below which shows the map
variables derived by standardizing the criteria in
a continuous scale from 0 (the least suitable) to
255 (the most suitable).
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Figure 4.2. The maps of variable factors
after standardization

The establishing the factor weights: The
rating is subjective and entirely depends on the
analyst. The weights and a consistency ratio
(CR) were calculated to identify inconsistencies
and develop the best fit weights in the complete
pairwise comparison matrix. The researches
indicated that matrices with a consistency ratio
greater than 0.1 should be re-evaluated. Therefore,
in this study, the consistence ratio was calculated
to be 0.08, so the pairwise comparison matrix
rating and weights are acceptable.

Table 4.1. Weights assigned to the variables

Factors for variables Factor Weights
Land use 0.2052
Distance from water bodies | 0.3177
Distance from developed | 0.1830
Slope 0.2941

Consistency Ratio (CR) of 0.08

The result of the forecasting might be
significantly affected by a number of factors and

suitability maps where the suitability maps had
a great influence on the land use forecasting,
and this is because the suitability maps acted as
the rules for the CA model, that is shown in
Figure 4.3.
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Figure 4.3. Suitability map

4.2. CA_Markov model validation

Validating the projected land use is an
important step in the modeling process because
results of the simulation would give a misleading
result. In this study,
compared between simulated (forecasted) land
use map for 2000 and the actual (observed) land
use map of 2000 as shown in Figure 4.4.
Validation was based on analysis of the Kappa

model validation i1s

spatial correlation statistic index for assessment
the level of agreement between the forecasted
and observed land use maps. Visual analysis of
the results reveals that the forecasted map are
close to the observed map. In addition, in this
case, the result of Kappa index is determined
with success of 82%
acceptable for the result of validation.

for wvalidation that is
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Figure 4.4. Actual and forecasted land use
map of 2000

CA Markov model combines both the
concept of a CA filter and Markov change
procedure. After running Markov, CA_ Markov
was use the transition areas table and the
conditional probability images to predict land
use change over the period specified in Markov
change analysis. In this study, using known land
use maps for two different time periods for the
Nakdong river basin of 1980 and 1990 for
calibration and land use map of 2000 for
validation. The land use changes analysis
scenario to forecast land use change with four
periods slice of 2000, 2030, 2050 and 2080,
they are used with number of time to project
that were specified in Markov chain analysis.

Moreover, the result of factors weight are
also determined and the weights and a
consistency ratio (CR) was calculated to
identify inconsistencies and develop the best fit
weights in the complete pairwise comparison
matrix. In addition, the result of the suitability
map was also obtained by using the MCE and
the suitability map has a range from 0-255 is
given in Figure 3.3. Based on this criterion for
agreement and the success of the model for
forecasted land use 2000 with values above 0.82
indicate a good agreement between the actual
and forecasted maps. After calibrating the
model and assessing its validity, model
CA_Markov take time run, the forecasting was
carried out that results of future land use maps

are forecasted with the years as 2030, 2050 and
2080 as well as land use of 2000 as shown in
Figure 4.5

2000

Figure 4.5. The land use maps in the future
of 2000, 2030, 2050, and 2080

4.3. Results of land use change

According to the land use types areas data
obtained from observation in last decades from
1980-1990 the wurban land 1is intensive
increased from 0.33% in 1990 to 1.44% in
2000, and light increasing of forest land of
69.73% to 71,02%, while the agriculture
reduced from 28.46% in year 1990 to 25.99%
in year 2000. The large change of land types
area can be caused by the combination of rapid
growth coupled with industrial and urban
development. Results of study are given Table
4.4 and Figure 4.6 that showed results of land
use types change in the future, a much clearly
of two land wuse types as urbanland and
agricultureland change trend can be indicated
when comparison the forecasted land use map
2030, 2050 and 2080 with the basic land use
map of 2000. The results of the simulation
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indicate that there will be a significant urban In conclusion, the result of forecasted land
land area use changes in the future in Nakdong use change in future were revealed a large
basin from 1.44% in 2000 to 5.59% in 2080. In  changes of land use types that are particular as
contrast, the agriculture area is decreased from significantly increase on urban area, while
25.99% in 2000 down 21.26% in 2080. Others agriculture area was considerable decrease in
land use types are changed insignificantly. The basin. Thus, if in study area that there are no

change for land use types in the future time constrains of regulations, or policy in land use
period the results shown in Table 4.4. management strategies in the future where trend

) ) of urban growth would have a considerable
Table 4.4. The land use in Nakdong basin impact on the surrounding agriculture area

particularly on arable farming land cover. It can
Land | Water | Urban | Bare | Grass| Forest | Agriculture|  be a considerable impact on the watershed land
use | (%) | (%) | (%) | (%) | (%) (%) use management in the future in study area.

5. CONCLUSIONS

Land-use change is a widespread, accelerating,
2030 1.12 | 3.42 |0.40| 0.15 | 71.09 | 23.82 and significant process. Land-use change is
2050! 1.15 | 425 (047! 0.16 | 71.12| 2285 driven by human actions, and, in many cases, it

also drives changes that impact humans.
2080| 1.20 | 5.59 10.38]0.19 | 71.38 |  21.26 Modeling these changes is critical for

2000( 1.09 | 1.44 10.35]| 0.11 | 71.02 25.99

formulating effective environmental policies
and management strategies. Therefore, the main

Land use types change in the future at Nakdong basin

1 objective of study is to forecast and assess the
land use change in the Nakdong river basin. The

I land use change in the future were forecasted

mSarcland for years of 2030, 2050, 2080 by combination

e | using the CA and Markov models, and assessed

change of land use in this basin. Based on
results of this study can answer policy
2000 S 2080 questions, policy makers as well as to policy

making land use in basin. There is a necessity to
consider long-term adaptation and mitigation

Figure 4.6. Land use types change in the strategies for land use management in the future
future in entire of Nakdong basin in study area.
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Tém tit:
UNG DUNG MO HINH CELLULAR AUTOMATON MARKOV
PE DU BAO VA PANH GIA BIEN POI SU DUNG PAT
TRONG LUU VUC SONG NAKDONG, HAN QUOC

Nghién ciru dw bdo va danh gid bién doi sir dung dat trong twong lai khéng chi ¢é vai tro quan
trong trong ddanh gid cdc thay déi ciia sir dung dat ma con cé y nghia 1om lao trong céng tac qudn 1y
va sit dung tai nguyén dat, tai nguyén mede trong luu viee mot cach hiéu qud. Vi thé, muc tiéu chinh
ciia nghién ciru ndy la nghién ciru dw bdo va danh gia bién doi sir dung dat trong lheu vuc séng
Nakdong bang viéc vmg dung mé hinh Automaton va Markov. Két qud dw bdo ciia bién déi sir dung
dat ciing cho thdy rang, sw bién doi sir dung dat mét cach dang ké chii yéu vao hai logi dat, cu thé
la dat do thi trong luu viee ting tir 1.44% (2000) lén 5.59% (2080), trong khi dién tich dat néng
nghiép giam déang ké tir 25.99% (2000) giam xuoéng 21.26% (2080). Su bién doi sir dung ddt tai cic
giai doagn khac ciing dwoc dw bdo voi sy thay doi véi sur tang cua dat dé thi la 3.42% (2030), 4.25%
(2050), trong khi dién tich dit néng nghiép giam la 23.82% (2030), 22.85% (2050). Cdc logi dit
con lai ¢6 suw thay doi nhung khéng dang ké. Két qua ciia nghién ciru da chi ra bién doi sie dung dat
trong huu viee ddy thiee sw la diéu can thiét nén dwoc xem xét dé cac nha quan 1y, quy hoach cé ké
hoach, thich vmg ciing nhw gidm thiéu nhitng tdc dong trong quan 1y sir dung dat thoi gian téi trong
lvu vuee nghién ciru.

Cic tir khéa: Mo hinh bién doi sir dung dat, luu vuc song Nakdong, chudi Markov.
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