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Background and Objectives: Prediction of land use changes in explaining
the interactions between ecosystems and human activities is important for
helping decision makers. A Land use map is considered an information
resource in natural resource management. Optimal resource management
needs to be investigated, as recognition of changes and resource
degradation in the past, and proper and principled planning in order to
control and control possible future degradation. The purpose of this study
was to evaluate the performance of the Markov chain model (CA Markov)
in determining and predicting land use changes for the future in the Ghaleh
Jogh area located in the city of Torbat-e-Heydarieh.

Materials and Methods: Satellite imagery, remote sensing, and the
Markov chain model were used for modeling and detecting land use
change. The study area of the Ghaleh Jogh Watershed is from Torbat-e-
Heydarieh province. A topographic map with a scale of 1: 25,000 and OLI,
ETM®, and Landsat MSS images of 1987, 2002, and 2015 were used to
prepare land use maps and the changes process. Satellite imagery with first
order polynomial equation was corrected by the method of closest
neighboring geometric correction and corrected using linear and histogram
explanations. For the categorization of images, the controlled classification
method and the maximum probability algorithm with acceptable accuracy
are used. A Land use map was prepared in 4 ranges of pasture land, Bayer
lands, crops, and gardens. In this research, using the CA Markov model,
the 2015 forecast map was compared with the monitored map. The
percentage of land use, garden, rangeland, lawn, and arable land use varies
from 5, 54, 24, and 17 percent in 1987 to 7, 4, 7, 36, 51, and 7.6 percent in
2015, and the user's map Lands for 2025 and 2040 are foreseen. Model
calibration was used for predicting the 2015 model.

Results and Conclusion: The results showed that according to the Kappa
coefficient, the prepared map has high accuracy. Based on the results of the
detection and simulation of the pasture and cultivating lands, they are
among the most unstable classes. Garden lands due to more attention and
economic significance, there have not been any significant changes in their
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extent. In general, the largest changes occurred in pasture and agricultural
land. The corrective work done in the region has reduced the area of arable
land and added to the rangelands.
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Figure 1. Location of the study area.
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Table 2. Land cover error (%) mapping matrix obtained from 1987 MSS image in Maximum Likelihood Method.

s slas oo s b Er & 8
Omission error Sum Agriculture Barren land Rangeland  Garden Land use
&
1.9 22.93 0.92 0.00 0.97 81.58
Garden
33.62 34.11 26.61 24.04 75.36 3.16 &
Rangeland
L
26.46 27.43 0.00 75.96 22.71 1.58 .
Barren land
‘ .
26.17 15.53 72.48 0.00 0.97 13.68 i
Agriculture
2alS sl
- - 27.52 24.04 24.64 18.42 oA S
Omission error
76.77: Js =3» 0.7 L5 s,z
Accuracy Kappa coefficient
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Figure 3. Land cover map in 1987, 2002 and 2015.
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Table 3. Land cover error (%) mapping matrix obtained from 2002 ETM" image in Maximum L.ikelihood Method.

S sl g s b & & sls
Omission error Sum Agriculture Barren land  Rangeland Garden Land use
&
17.24 48.79 35.19 3.99 4.35 99.31
Garden
0.81 13.01 0.00 0.00 62.92 0.28 -
Rangeland
Loyl
28.77 24.57 36.07 95.71 0.26 0.28 s
Barren land
Iy o
56.83 12.73 28.74 0.31 32.48 0.14 i
Agriculture
2als clas
- - 71.26 4.29 37.08 0.69 e
Omission error
0.85 (S Cds 0.75 LS s 2
Accuracy Kappa coefficient
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Table 4. Land cover error (%) mapping matrix obtained from 2015 OLI image in Maximum L.ikelihood Method.

Al gl & s 2L Er & 8
Omission error Sum Agriculture Barren land Rangeland Garden Land use
&
0.5 33.33 1.06 0.00 0.00 96.59
Garden
9.73 30.99 4.26 10 99.4 0.49 &
Rangeland
2k
0.85 19.77 0.00 90 0.6 0.00
Barren land
‘ .
6.32 15.91 94.68 0.00 0.00 2.93 i
Agriculture
: : 5.32 10 0.6 3.41 el st
Omission error
95.64: Js =3s 0.94 s , 2
Accuracy Kappa coefficient
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Table 5. Changes trend in land cover(ha) between 1987-2015.
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Figure 4. Land cover map changes in Ghale Jogh during 1987-2015.
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Table 6. The trend of change the area of land use (ha) in different periods.

s b & &
Agriculture Barren land Rangeland Garden

1312 1779.13 4045.64 393.23 1987
2632.7 2768.3 1751.14 377.86 2002
613.54 3800.4 2762.36 353.7 (us,L CA) 2015
678.01 3867.86 2588.98 395.15 2015
1489.13 3325.32 2352.28 363.27 2025
370.02 4676.64 2133.09 350.25 2040
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Figure 6. The area of land use during from 1987 to 2040.
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Table 7. The agreement and the disagreement between the supervised classification map and the simulated
map based on CA Markov.

No (n) Medium Perfect (p)
Perfect (Px) P (n) 0.64 P (m) 0.91 P (p) 1
Medium Grid (Mx)) M (n) 0.49 M (m) 0.75 M (m) 0.73
No (Nx) N (n) 0.2 N (m) 0.31 N (p) 0.39
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Table 8. The matrix of the probability of transferring land cover from 2015 to 2025 and 2040.

s b & &
Agriculture Barren land Rangeland Garden
&
2.61 13.86 15.03 336.78
Garden
352.26 411.21 1539.36 23.04 CJ;
Rangeland 2015-2025
L
5.22 3089.72 251.82 2.97 s
Barren land
[
31851 3717 774.81 36.18 T
Agriculture
&
3.69 0.9 7.29 344.34
Garden
92.34 91.08 1915.11 414 C«';
Rangeland 2015-2040
L
228.96 3772.8 651.15 49.77 -~
Barren land
[
354.06 4.41 15.75 0.72 i
Agriculture

WS 5L CA (55) 4 0l fw e Yobr 5 Y00 Jlu 210 by Olb coluw -4 g
Table 9. The area of land cover classes predicted by CA Markov method in 2025 and 2040.

5a) ol
G = Land use PRt
Area (ha)
363.2 Garden <l
2353.9 Rangeland &l
2015-2025
3325.3 Barren land 2L 2l
1489.1 Agriculture s 20
350.2 Garden ol
2134.9 Rangeland &l
2015-2040
4676.8 Barren land 2L 2l
370.02 Agriculture s 2l
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