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Abstract

The purpose of this study was to model and predict temporal and spatial patterns of land-use
change in the Zayandehrud basin. In this research, the CA-Markov prediction model was used to
simulate and predict land-use change. First, the land-use changes from 1996 to 2018 were studied and
then the future changes for 2030 and 2050 were simulated. Afterward, the future land-use scenarios
were designed. The model was validated by comparing the simulated map of 2018 with the real map,
and the kappa coefficient of 94 % was utilized to evaluate the model. Based on the results, the Built-up
land-use was altered from 13016 hectares in 1996 to 154194 hectares in 2050. This outcome
necessitates the management of the future development of the city. Furthermore, the amount of
agricultural land was varied from 177067 hectares in 1996 to 40,000 hectares in 2050. Among all the
changes, agricultural lands attracted the most attention and concerns. The results indicated the land-
use changes in the form of urban areas and reducing area of agricultural lands. Such alterations were
taken place in two distinct stages: urban lands have been developing since 2013, with a direct impact
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on the reduction of vegetation due to the conversion of agricultural lands into other land-uses. The
dynamic trend of changes has also been confirmed and intensified since 1996. In 2018, a significant
area of agricultural lands was converted into urban and industrial areas. In addition, the agricultural
and orchard lands were 74057 hectares in 2018 and can be reduced to 40,000 hectares by 2050. It
revealed 34057 hectares lost as compared to the agricultural and orchard lands in 2018. The present
study depicts that the expansion of urban and industrial activities and reducing the level of agricultural
land in the region requires more attention and care in land management.

Keywords: Land-Use Changes, Cellular Automation, the Markov Chain, Zayandehrud River Basin.

Extended Abstract:

Introduction: Land use/Land cover (LULC) change is one of the main issues of sustainable
development. To provide a rational science for regional planning decisions and sustainable
development, land use pattern prediction models based on past preliminary information can be used to
construct future scenarios of land-use changes. Modeling and predicting land use changes provide an
interesting perspective for applications in planning units such as river basins and make it an effective
tool for analyzing the causal dynamics of the future landscape under different scenarios. Land-use
models are considered a powerful tool for understanding the spatio-temporal pattern of land-use
changes, such as the Markov chain, cellular automation, and hybrid models based on these methods,
which are widely used to simulate the spatial and temporal dimensions of land use. In the present
study, land use changes prediction was performed using a combined model of cellular automation and
the Markov chain (CA-Markov) to simulate temporal and spatial land-use patterns. The present study
tries to predict land-use changes in the Zayandehrood river basin. The Zayandehrud basin is currently
facing major environmental problems (such as water resources scarcity, population growth, urban
development, and agricultural land degradation). Therefore, it is essential to evaluate land-use changes
for this sensitive basin. In particular, the objectives of the research include two stages: 1) patial
modeling of land-use change, and 2) predicting spatio-temporal patterns of land-use changes in the
Zayandehrud river basin.

Therefore, in the present research, land-use changes from 1996 to 2018 were investigated and
future changes for 2030 and 2050 were simulated.

Methodology: In this research, land-use changes modeling was performed in three time periods 1996
to 2013 (17-year period), 2013 to 2018 (5-year period), and 2018 to 2030 and 2050. The purpose of
modeling is to determine the capabilities of the Markov chain model and integrate it with cellular
automation to detect land-use changes. The images were classified into 4 classes: agriculture and
gardens, built-up (urban areas, airport, and road), industrial towns, and other land uses (abandoned
lands and fallow, rangeland, water areas). Finally, land-use changes modeling was performed in the
period 1996 to 2050 (54-year period). The steps of the research method are as follows:

Step 1: Pre-processing of satellite images: Radiometric correction was applied to the images. Next,
the images were processed using the FLAASH module in ENVI15.3 software to reduce atmospheric
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interference. Then, by synthesizing the name and wavelength of the bands, image storage, mosaic, and
mask clipping, a preprocessed remote sensing image was generated. Finally, the preprocessed remote
sensing image was obtained.

Step 2: Processing satellite images: Types of land use images in the area in ENVI 5.3 were
extracted using visual interpretation and supervised classification methods. Land use classification
algorithms were used to estimate the three main land-use classes (agriculture, urban, and industrial
development). The principal component analysis method was performed on the images and was
identified agricultural by high resolution. Land use classification for 1996, 2013, and 2018 was done
with a classification approach based on the decision tree. To classify the images, maximum likelihood
methods, artificial neural networks, and support vector machines were used. The final classification
was performed using decision tree analysis. Finally, prediction of land-use changes was performed on
images by performing the CA_Markov analysis in TerrSet software.

Step 3: Post-processing of satellite images: Using Google Earth and cross-tab analysis, TerrSet
software evaluated the accuracy of classifying land-use thematic maps. Using the existing database, a
validation process was performed to ensure the accuracy of the model in predicting land-use changes
for the forecasted 2018 map. The accuracy of the simulated model of land-use change in 2018 was
validated and then compared with the actual map of the same year. The validation process was
performed by generating the kappa coefficient.

Discussion: In this study, land-use changes in the Zayandehrood basin were identified and
investigated. The results showed that land-use changes are in the form of urban development and
reduction of agricultural land use. Such changes have occurred in two distinct stages. First, urban land
expansion has prevailed since 2013, with a direct impact on declining vegetation as a result of the
conversion of agricultural land to other land uses. The dynamic trend of changes has also been
confirmed and intensified since 1996. Because in 2018, a significant area of agricultural lands was
converted into urban and industrial areas. Future scenarios based on the CA-Markov model provide
valuable information about future land use and land cover changes in the study area. This study can
identify land-use changes in different periods and depict the increase or decrease of important land
uses in the region. According to the study of Motlagh et al. (2020), land-use changes were studied
based on three possible scenarios (i.e. the current trend of land use growth, conservation of agricultural
lands, and urban development forecast). Future scenarios for 2030 and 2050 estimate that there will be
a significant reduction in vegetation and agricultural lands and orchards and continued urban and
industrial development in areas along the Zayandehrood basin. Expansion of the agricultural sector
along with the conservation of natural resources is not only one of the most important challenges of
sustainable development in the Zayandehrud basin but is also essential for future strategic land use
plans. Compilation of instructions for sustainable agricultural development can be a way to strike a
balance between nature conservation and economic development in the region.

Conclusion: In summary, this study demonstrates how the proposed CA-Markov model is used to
better simulate land use complex and dynamic changes over time. Of all the land-use changes, the
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most worrying is the situation in the region for agricultural lands. If the current trend of land use
continues, we estimate that by 2050, its area will be halved, and such changes in the landscape will
undoubtedly change the entire ecosystem of the basin, emphasizing that the negative effects on the
vegetation of the basin have a direct impact on the economic sector of the region because maintaining
the quality of the environment of the Zayandehrood river basin is essential for ecotourism. Therefore,
the management and planning of the basin are highly recommended to preserve its unique ecosystem,
as well as to protect the vegetation in the area. The methods and results of this study will be useful for
policymakers and urban planners for precise planning of the region to be able to manage the city using
farms and conserving water resources and urban infrastructure development planning for
environmentally sustainable development.
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1. Land use/Land cover (LULC)
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4. Geographic Information System (GIS)
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Figure 1. Location of the study area
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Table 1. Remote sensing data information
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Figure 2. Satellite images of Zayandehrood basin with the combination of bands 4, 3 and 2 in years
a)1996, b) 2013 and c) 2018
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Figure 3. Flowchart of research method
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1. Principal Component Analysis (PCA)
2. Decision tree

3. Neural Network

4. Support Vector Machin (SVM)


https://www.machinelearningplus.com/machine-learning/principal-components-analysis-pca-better-explained/
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1. transition rules
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Figure 4. Topology of two-dimensional cellular automata, Moore neighborhood
(Assaf et al., 2021)
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Figure 5. land-use Classified maps of Zayandehrood basin in years 1996, 2013 and 2018
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Table 3. Area, amount and percentage of classes changes of land use maps in different years
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Figure 6. Land use changes in years 1996-2050
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Figure 7. The predicted land-use maps with the CA-Markov model

'C)YW/\—YWY')YWY'—\‘\‘\'\ &QOJJJJJGM%‘é‘MJ‘ a;Lé:....;\L;\“\/\ JLWL;..&‘)\ 6J.|)L§u

VSE ja Yeon s YY YOA sladle (gl e disn 5 S0l i SAS S i o AL .ol el

G33LES ol cmlis 2als 5 csluoladl bl (il YOI Jlo 5w s L85 . Conl 0l o313 OLES
Aas e LA
CA-Markov Jas s las!

Slaals b 5o 1578 QU b (am e 5 edd(gluand 08 1 Sl 68 sluark L5 b
Gl gl sbaael 1B 5 S5 alie ey (idis 5 6018 Sl eks sl OLES aes R 5 620
LIl oyl o8 s sl gl sl (g3lwans gl 2 | CA-Markov Jus b b s ol sdiol (gla g sl
sdiol Jlw ¥ gl el danllas diaie 5l (6508 i (soleand 8l Je 55 opl 51015 e ool oo £AS e
3 S sl

gy e 9§ S Ol s JWE el w5 4 e



va OKen 5 3hhe o330 S CA_ MarkoV Jue 3l esbizal b o215 5,508 Ol i o oo 5 b))

i el ol s e OLE SGUSG a1 Lags S 51 pluS e JUinl ezl (Uil Jlaz| e e
ool cnl 55 T e s 4 GBSl sy 5l ealizal b aS il sead 55 gbaaiss sl 5l ol glad s
YA LN 8503 (gl e i 5 (6 0lS S sl IS Jlast Jlazs) ol Y i3 a g sazms
14870 Jw 1S Jlay ell o a8 58 0l 015 o e Ol siets (Ut ok (6l o Coel 0l 03l OLES & J g
IVEVA s s s ) S a4 (65uslis) ) oS Al Jlat B S ke e Sle g4 S L 5 e YAAY L
o (Camo) ¥ IS oSl Jlazl ol #/AY 52 LS Y IS @ (Cotle 0L ¥ oIS oSl Jlezl L
S 4 $3osleS 5 Lol 4 555LES (ol mad dlea omen ol AREE 03 LAST (OIS
Ll v g VT (0 5 G 5 ouoliS @ crluoldl (6,58 s Jlasl icad v g v/ Lo 5w
S S s Jlazl a0 VY (s 5 an e luoladl 5 (5,0liS & Cmn (5,08 s Jlaxs
o SNTYY 0 5 S s (5S4 Lol

Y~\/\—Y~\\‘3Y~W—\‘\‘\'\ 6\.&0)‘9; 6‘Jf u.;.n) ﬂﬁ}dj)lsﬁé'duw% d\-s-’e‘ dl.o}'—"-‘ £ J}-\?

Table 4. Transition probability of land-use/land cover change classes for the periods 1996-2013
and 2013-2018
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