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Table 4. Report of overall accuracy and kappa coefficient of vegetation maps (percent)

Lilfw).w m.\..sJ‘.\.Jym ).g)lfw ‘sl.fm Jl.m
Kappa Producer’s accuracy User’s accuracy Overall Year
coefficient accuracy
4 3 2 1 4 3 2 1
84 94 82 90 92 93 89 91 86 87 1987
87 86 93 90 81 92 95 84 80 90 2002
91 96 92 87 95 93 92 92 95 94 2017

Table legend: 1= No vegetation, 2= Low, 3= Medium, 4= Dense
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Table 5. Area of vegetation classes in NDVI index (km?)

EWr 4 KW KW 5 KW 1 Jw
Percent Percent Percent Percent Year
18.67 1075.17 25.28 1455.94 39.34 2265.48 16.71 962.09 1987
20.53 1182.29 20.84 1199.46 47.14 2714.79 11.49 662.14 2002
18.07 1039.63 27.92 1608.27 41.42 2385.65 12.59 725.13 2017
186 10712  -444 25648  7.80 44931 522 29995 002 & 1987) wlyeeds o5
Amount of changes
-2.46 -142.66 7.08 408.81 -5.72 -329.14 1.10 62.99

017 5 2002) &5 o)l5ee
Amount of changes
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Table legend: 1= No vegetation, 2= Low vegetation, 3= Medium vegetation, 4= Dense vegetation
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Fig. 2- Vegetation maps in Kermanshah City during the studied period
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Table 6. Area of vegetation classes in elevation classes (km?)

. 3 ) 1 (0) 5l sloaiels | RS gy (gloainl o
Vegetation classes / Elevation classes (meter) Year
877.42 831.32 1192.83 676.81 1587 ; 1042 1987
149.60 567.60 895.66 196.17 2133 15 1587
7.75 48.02 153.99 59.36 2678 5 2133
- - 23.33 29.75 3224 ; 2678
1039.19 767.01 1454.35 403.66 1587 5 1042 2002
141.69 387.99 1091.25 184.95 2133 5 1587
1.41 41.63 162.85 46.59 2678 1 2133
- 2.83 6.34 26.94 3224 ; 2678
889.22 948.74 1295.77 508.40 1587 ; 1042 2017
142.66 601.62 903.89 149.49 2133 1 1587
7.75 56.50 178.23 40.27 2678 1; 2133
- 141 7.76 26.97 3224 \; 2678
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Table legend: 1= No vegetation, 2= Low vegetation, 3= Medium vegetation, 4= Dense vegetation
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Table 7. Area of vegetation cl in slope cl (km?)
4 3 2 1 (00 0) s graid [ ALS by srail Jw
1031.78 1147.70 1663.75 842.40 2550
37.98 260.43 450.87 80.96 50 s 25
412 42.05 117.05 28.17 75 550 1987
1.29 5.76 33.81 1056 755 e
More than 75
1168.55 995.01 1987.02 515.45 2550
10.76 178.19 557.90 100.85 50 i 25
1.74 23.49 134.78 32.45 75 1550 2002
124 277 35.00 13.39 755 e
More than 75
1007.34 1289.14 1757.15 623.62 2550
28.48 266.64 44558 69.38 50 i 25
3.34 46.69 147.06 22.84 75 5 50 2017
0.47 5.80 35.86 9.29 755 e
More than 75
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Table legend: 1= No vegetation, 2= Low vegetation, 3= Medium vegetation, 4= Dense vegetation
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Table 8. Report of validation of CA-Markov model (percent)

Information of location

(Information of quantity)

No[n] Medium[m] Perfect[p]

Perfect [P(x)] P(n)= 0.6642 P(n)= 0.9943 P()=  1.000

Perfect stratum [K(x)] K(n)= 0.6642 K(n)= 0.9943 K(n)= 1.000

Medium grade [M(X)] M(n)= 0.6158 M(n)= 0.9158 M(n)= 0.912

Medium stratum [H(x)] H(n)= 0.2000 H(n)= 0.3347 H(n)= 0.334

No [N(X)] N(n)= 0.2000 N(n)= 0.3347 N(n)= 0.334
Agreement grid cell 0.5811 Disagree Grid cell 0.0758
Agreement strata 0.0000 K standard 0.8735
Agreement quantity 0.1347 K no 0.8947
Agreement chance 0.2000 K location 0.8810
Disagree quantity 0.0057 K location Strata 0.8810

Disagree strata 0.0000
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Table 9. Probability transition matrix vegetation maps in the studied period (percent)

S gy i

4 3 2 1 _ 0y
Vegetation classes

0.37 0.14 0.17 0.31 1

0.12 0.11 0.66 0.09 2 .

0.11 0.37 0.46 0.04 3 2002 & 1987
0.34 0.25 0.31 0.08 4

0.11 0.08 0.31 0.49 1

0.09 0.24 0.59 0.05 2 2017 s 2002
0.19 0.51 0.22 0.06 3

0.38 0.22 0.23 0.14 4
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Table legend: 1= No vegetation, 2= Low vegetation, 3= Medium vegetation, 4= Dense vegetation
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Table 10. The area of vegetation classes in the projected map of 2032 (km?)

KW KW KW 2 KW 1 Jw
Percent Percent Percent Percent Year
18.14 1045.06 29.67 1708.61 32.27 2146.36 14.91 858.65 2032
o sty Sl e
0.07 5.43 1.75 100.34 -9.15 -239.29 2.32 133.52 (2032 15 2017)

Projected changes
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Table legend: 1= No vegetation, 2= Low vegetation, 3= Medium vegetation, 4= Dense vegetation
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Fig. 3- Projected vegetation map in 2032
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Table 11. Projected area of vegetation classes in elevation classes (km?)

4 3 2 1 (%) =Wl aib j3 (2LS Jbgy Jw
Vegetation in elevation classes (meter) Year
894.03 950.23 1166.61 625.78 1587 1 1042
143.95 691.93 833.18 164.27 2133 1y 1587
7.08 65.75 141.64 38.13 2678 5 2133 2032
- 0.70 4.93 30.47 3224 1; 2678
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Table legend: 1= No vegetation, 2= Low vegetation, 3= Medium vegetation, 4= Dense vegetation

(2070 o geS) s sladies 53 (AL gy (saieb o i Solino —IY S

Table 12. Projected area of vegetation classes in slope classes (km?)

4 3 2 1 (20 33) s Gl )5 BLS gy Jlw
Vegetation in Slope classes (percent) Year
1018.64 1322.69 1591.05 751.58 2560
23.71 325.60 408.81 76.02 50 i 25
2.50 54.10 111.28 21.74 75550 2032
0.21 6.22 35.22 931 7 5l e
More than 75
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Table legend: 1= No vegetation, 2= Low vegetation, 3= Medium vegetation, 4= Dense vegetation
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Table 13. Vegetation changes in elevation classes in the studied period (km?)

4 3 2 1 (o) o 5l wlinds 5o ALS gy 099
Vegetation in elevation classes (meter) Period
161.77 -64.31 261.52 -273.15 1587 s 1042
-7.91 -179.61 195.59 -11.22 2133 1y 1587
2002 1y 1987
-6.34 -6.39 8.86 -12.77 2678 5 2133
2.83 -16.99 -2.81 3224 5 2678
-149.97 181.73 -158.58 104.74 1587 s 1042
0.97 213.63 -187.36 -35.46 2133 5 1587
2017 s 2002
6.34 14.87 15.38 -6.32 2678 1 2133
-1.42 142 0.03 3224 |5 2678
4.81 149 -129.16 117.38 1587 s 1042
1.29 90.31 70.71 1478 2133 s 1587 2032 52017
-0.67 9.25 -36.59 -2.14 2678 15 2133 (et fan 09°)
(Projected period)
-0.71 -2.83 3.50 3224 5 2678
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Table legend: 1= No vegetation, 2= Low vegetation, 3= Medium vegetation, 4= Dense vegetation

WA s oF o lods qpaazs 0,90 ¢ dawore pole aolilad

\Y¥



Sloskw 9 (SHg)0

(&2 0 y505lsS) anlllans y50 (50590 (b s (Ll )5 (BLS Jiuligy (b yuuii —F Jgur
Table 14. Vegetation changes in slope classes in the studied period (km?)

4 3 2 1 P idg (103) condh glaaiib ;s 099
Vegetation in elevation classes (meter) Period
136.77 -152.69 323.27 -326.95 2560
-27.22 -82.24 107.03 19.89 50k 25
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Introduction: Nowadays, with the population growth, most natural spaces have undergone land use changes.
In this regard, vegetation lands are of special importance due to the impact of other lands on the process of its
destruction and its adverse consequences on human and animal life. Development of urban areas in order to
meet the construction needs of the growing population, as well as the growth of agricultural lands to ensure
human food security and meet the needs of consumers are among the most important reasons for the destruction
of vegetation in an area. Today, the rapid growth of remote sensing technologies, GIS, and computer sciences,
has led to the emergence of many models to present current and future patterns of land use change, especially
vegetation. Kermanshah City in Iran has experienced a large population growth in recent years, which had a
major role in land use and vegetation change. Therefore, it is necessary to have enough knowledge on the
vegetation status of this area for proper management of natural resources. Accordingly, the aim of the present
study was to monitor and predict the vegetation changes in Kermanshah City using NDVI index and CA-
Markov model.

Material and methods: In this study, Kermanshah City’s vegetation density was extracted using NDVI index
in four classes of none, low, medium, and dense vegetation from Landsat images in 1987, 2002 and 2017 and
then the results were validated using ground control points. Also, in order to predict the vegetation density for
2032, first the vegetation map of 2017 was simulated by applying CA-Markov model and then the results were
validated using the actual vegetation map of the same year with the help of validate module in IDRISI Terrset
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software. Following the results of validation and by applying the mentioned model, the vegetation density map
in 2032 was predicted.

Results and discussion: The results of the study of vegetation maps with an accuracy of more than 87%
showed that the area of low and dense vegetation classes in the period from 1987 to 2017 has been decreasing
and the medium vegetation class has been increasing. Spatial changes in vegetation over a period of 30-year
showed that areas with none, low, and medium vegetation in the elevations of 1042 to 1587, 1587 to 2133 and
2133 to 2678 meters had an increasing trend and the dense vegetation had increased in the elevation of 1042
to 1587 but decreased in the classes of 1587 to 2133 and 2678 to 3224 meters. Also, the vegetation density in
the slope classes showed that the slope of 0 to 25% had the highest and the slopes of 50 to 75% and more than
75% had the lowest vegetation density. The vegetation changes in the slope of 0 to 25% was the highest and
in the slopes of 50 to 75 % and more 75% were the lowest. Also, the results of CA-Markov model with more
than 80% accuracy in 2032 showed that the low vegetation class will have the largest area of vegetation cover
in Kermanshah city. The increasing and decreasing trends of vegetation classes compared to 2017 showed that
the low vegetation cover will decrease and none, medium, and dense vegetation cover classes will increase.
Also, the study of vegetation classes in elevation and slope classes showed that in elevations of 1042 to 1587,
1587 to 2133, and 2133 to 2678 meters and the slope class of 0 to 25%, medium and dense vegetation is
predominant but in elevation of 2678 to 3224 meters and the slope of 50 to 75 and more than 75%, low and
none vegetation classes will be more than other classes.

Conclusion: In general, the results of this study showed that the classification of NDVI index using average
values, standard deviation of the index, and other data such as land control data are accurate methods to prepare
vegetation maps. Also, CA-Markov model is accurate to predict these changes.
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