3. ANN-Markov chain prediction results and accuracy assessment
o Task#1

Prediction
Inputs

18 8
years years

Major land use changes from 1984-2002 - Changes greater than or
equal to 1000 Hectares

Four sub models have been developed for training the ANN i.e. Built up,
Bare land, Forest and Agriculture

Planned street segments (2010)
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Input variables for the ANN

1) Distance from roads_2002

3) Distance from Centers
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7302.87
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24382.40
26007.89

2) Distance from streams

4) Slope

0.00
85254
1705.08
2557.63
341017
426271
5115.25
5967.80
6820.34
7672.88
8525.42
9377.96
10230.51
11083.05
11935.59
12788.13
13640.67
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10.31
12.37
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2474
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5) Elevation 6) Land use changes (1984-2002) with respect to Land use (1984)

0.00
189.44
378.88
568.31
757.75
947.19
1136.63
1326.06
1515.50
1704.94
1894.38
2083.81
227328
246269
2652.13
2841.56
3031.00
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0.08
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0.25
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7) Land use changes (1984-2002) with respect to Land use (1990) 8) Land use changes (1984-2002) with respect to Land use (1996)

0.00
0.02
0.04
0.06
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9) Population density

0.00
44.49
88.98
133.47
177.96
22245
266.94
311.43
355.91
400.40
44489
489.38
533.87
578.36
622.85
667.34
711.83

e Model training
Sub-Model 1: Bare Land

Constant forcing results (Holding variables that has least effect constant)

Model Variables included |Accuracy (%) |Skill measure
With all variables All variables |‘78-48 0.7130 I Model Variables inchaded |Accuracy (%) Skill measure
Step 1: var.[2] constant [1.3.4,5.6,7.8,9] 78.46 0.7128 With all variables Alfl variables 78.30 0.7107
| Step 2: var.[2.3] constant [1.4.5.6.7.89] [78.24 0.7099 | St 1 Tl coheiat 234567 7792 07056
Step 3: var.[2.3.1] constant [4.56789]  [77.93 0.7057 Step 2 var.[1.5] constant 234.6.7] 2760 0.7013
Step 4: var.[2.3.1.7] constant [4.5.6.8.9] 7720 0.6960 |:> Step 3:var.[1,5.7] constant 2.3.4.6] 75.26 0.6702
Step 5:var.[2.3.1.7.5] constant [4.6.8.9] 73.87 0.6516 StepA-var [1.5.7.3] coustant 2.4.6] 66.59 0.5545
Step 6: var.[2.3.1.7.5.9] constant [4.6.8] 66.22 0.5496 Step 5-var [1,5.7.3 2] constant |[4.6] 66.07 0.5477
Step 7:var.[2.3.1.7.5.9.4] constant  |[6.8] 65.74 0.5432 Step 6: var.[1,5.7,3 2.6] constant |[4] 50.35 03379

Step 8: var.[2.3.1.7.5.9.4.8] constant [6] 4980 0.3306



Sub-Model 2: Forest

EModel ‘Variables included |Accuracy (%) Skill measure
With all variables All variables 76.27 0.5254 | Model [Variables incnded Accuacy (%) [Skill meague
Step 1: var.[4] constant [1.2.3.5.6.7.8.9] |76.70 0.5340 [With all variables [All variables =500 0.5000
| |Step 2: var.[4.6] constant [1.23.5,7.8.9] |76.70 0.5340 | [Siep I var 7] constast [123456] =503 05006
Step 3: var[4.6,9] constant 123578  |76.39 05278 (Step Zvar 73] constast [12456] 7496 04992
'Step 4: var.[4.6.9.7] constant [1.23.5.8] 75.60 05119 i ,
Step 5:var[4.6,9.7.3] constant  |[1,2,5.8] 176.08 05216 Step 3: var.[73,5] constant [1.246] [74.94 L
Step
[Step 6:var [4.6,9.73.1] constant_|[2.5.8] 74.43 0.4887 LrStep 4var[13.5.2] constant[1.4.6] 7331 ‘r0'4663
Step 7 var [4.69.73,15] constant 2.1 187 04373 Step 5:var.[7.3.5.2.4] constant |[1,6] 1712.02 0.4404
Step 8:var.[4.6.9.7.3,1.5.2] constant|[8] 7154 0.4309 Step 6: var.[7.3,5.2.4.1] constant [6] 72.13 0.4426
Sub-Model 3: Agriculture
i‘Model iVan'ables included |Accuracy (%) |Skill measure
‘With all variables All variables  }68.40 0.3681 | Model Variables inclided |Accuracy (%) Skill measure
Step 1: var [6] constant [1.23.4.5.7.8.9] 68.40 0.3681 \With all variables All variables 68.02 0.3604
| Step 2:var [6.7] constant [1.23.4.5.89] 6832 ECE Step 1: var.[6] constant 123457  [67.67 0.3534
1:@ 3 van. {65, 7. 1] constant 234589 6823 I°-3647 ‘Step 2: var.[6,2] constant 13457 67.38 0.3476
(Dtep Svac ], |y consthl [2:45.8.9] 6845 10-3691 |::> [Step 3:var.[6.2.7] constant  |[1.3.4.5] 68.00 10,3600
iStep 5:var.[6.7.1.3.9] constant |[2,4,5,8] ]68.10 |0.3621 {Step 4 var.[6.2.7.1] constant '[3=4=5] i67-11 50.3422
Step 6:var.[6.7.1.3.9.4] constant  |[2.5.8] 6731 0.3463 ‘ : ,
Step 7:var.[6.7.1,3.9.4.2] constant |[5.8] 66.61 0.3323 Step 5:var [6.2,7.1.4] constant_[3.5] 66.57 el
Step 8: var.[6.7.1,3.9.4.2,5] constant |[8] 66.62 0.3325 Step 6: var [6.2.7.1.4.3] constant [5] 66.44 0.3288
Sub-Model 4: Built up
Model |Variables included |Accuracy (%) Skill measure
With all variables All variables 5.90 0.5453 Model Variables included Accutacs (%) Skill measuce.
| Step 1: var [2] constant [13.4.56.7.89] 16566 0.5421 With all variables All variables | (66.15 0.5487
Step 2: var.[2.9] constant [134.5678] [6527 0.5369 ‘Step 1: var[§] constant 1234567 [66.12 0.5482
Step 3: var.[2.9.7] constant 134568  [64.00 0.5200 Step 2: var[8.6] constant 123457  [6550 0.5400
Step 4: var [2.9.7.6] constant [1.34.5.8] 62.85 0.5047 | > Step 3: var.[8.6.5] constant [1234.7] 63.89 05186
Step 5:var[2.9.7.6.8] constant  |[1.3.4.5] 61.01 0.4801 Step 4:var[8.6.54] constant  [[1.2.3.7] 61.27 0.4836
Step 6:var [2.9.7.6.8.4] constant|[1.3.5] 56.57 04210 Step 5:var[8.6.5.4.7) constant _[[1.2.3] 5629 [04173
Step 7:var.[2.9.7.6.8.4.5] constant |[1.3] 4936 0.3248 Step 6:var [8.6.5.4.7.3] constant_[1.2] 4698 0.2930
Step 8: var.[2.9.7,6.8.4.5.3] constant [1] 37.71 0.1695 Step 7: var [8.6.5.4.7.3.2] constant [1] 2683 0.1580




e The land use change from the year 1984 to 2002 is found to be hard to predict due to unpredicted changes that occurred due to external
factors such as the regime change in 1991 and the consequent changes in land policy where the new land policy motivates urban development
and construction which was not given much attention during the communist regime before 1991.

e Prediction Result

Predicted change (2010) Actual land use (2010)

I suitup I suitup
[ Forest [ Forest
[ BareLand [ BareLand
[ Agricutture [ Agricutture

Water
I water

Possible reasons for the gap between predicted land use and actual land use

- Land policy change in 2002 and
- The new public housing program called the integrated housing development program (IHDP) approved and implemented after 2005



e Task#2

Prediction
Inputs

Major land use changes from 2002-2016 = Changes greater than or equal to 1000 Hectares

Three sub models have been developed for training the ANN i.e. Built up, Bare land and Agriculture

Forest to BuitUp
BareLand to BuiltUp
Agriculture to BuitUp
Forest to BareLand
Agriculture to BareLand
BarelLand to Agriculture

ONER0N




Sub-Model 1: Built up

Sub-Model 1: Bare land

Model Variables inclided Accuracy (%) |Skill measure
With all variables All variables 99.82 0.9976
‘Step 1: var [2] constant [134567.8] 100.00 1.0000
‘Step 2: var [2,1] constant [3.45678]  100.00 1.0000
'Step 3: var [2,1,4] constant [3.5.6.7.8] 1100.00 1.0000
‘Step 4: var [2,1,4.6] constant [3.5.7.8] 1100.00 1.0000
Step 5:var.[2.14.6.7] constant  |[3.5.8] 1100.00 1.0000
Step 6: var[2.1.4.6.7.8] constant |[3.5] 1100.00 1.0000
'Step 7: var.[2.1,4.6.7.8.5] constant [3] 4995 0.3327

Model Variables included Accuracy (%) Skill measure
With all variables All variables 9.69 0.9963
'Step 1: var [4] constant [1235678] [100.00 1.0000
'Step 2: var.[4,1] constant [23.56.7.8]  [100.00 1.0000
'Step 3: var [4.1.2] constant [3.5.6.7.8] 100.00 1.0000
'Step 4: var.[4,1,2,3] constant [5.6.7.8] 1100.00 1.0000
'Step 5:var.[4,1,2.3.6] constant  |[5.7.8] 100.00 1.0000
'Step 6: var.[4.1,2.3.6.8] constant |[5.7] 100.00 1.0000
'Step 7- var [4.1.2.3.6.8.5] constant [7] 4974 0.3968
Sub-Model 1: Agriculture
:Model iV ariables included |Accuracy (%) Skill measure
'With all variables All variables 1.3 0.8245
'Step 1: var [3] constant [1.245678] [99.65 0.9930
Step 2: var.[3,4] constant [12567.8]  [100.00 1.0000
'Step 3: var.[3.4.1] constant [2.5.6.7.8] 100.00 1.0000
Step 4: var [3.4,1,2] constant [5.6.7.8] 100.00 11.0000
Step 5:var [3.4.1.2.5] constant  |[6.7.8] 1100.00 1.0000
'Step 6: var [3.4.1,2.5.6] constant |[7.8] 100.00 1.0000
Step 7:var.[3.4,1,2.5.6.8] constant [7] 100.00 1.0000




e Prediction Result

Predicted change (2020)
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