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CHAPTER13: GIS DATA PROCESSING

13.1 Hierarchical Structure of GIS Data Processing

The geographic database development has completed and data analysis phase based on
this database can be started. A GIS application uses the database and system functions in
applying the manipulation techniques as follows;

Performing polygon overlay
Creating buffer zones

Using boundary operations
Manipulating tabular data
Performing model based simulations

¢ ¢ & & @

Those are spatial data manipulation in a particular manner required to support the
information requirements of the planning expert in BEIP study team. Applications applied
in this study involve simple spatial overlay, combinations of data using GRID base, so far as
to complex mathematical computation, in both graphic and tabular formats. The GIS
analytical process can be schematically illustrated on Fig. 13.1, then divided into three
hierarchical stages (primary, secondary and tertiary) according to the degree of spatial data
manipulation and the BEIP planning progress. ‘

13.2 Primary Data Analysis

This stage of spatial analysis comprises the initial overlay manipulation of basic map data
layers in order to identify new spatial relationships between the various geographic units
and features. It includes the cross tabulations of the area, length, density, average and
frequency caleulation for some specific geographic features per some specific geographic
units. Existing land use, for example, was overlaid with administrative boundaries so as to
calculate the area of each land use type per each district or sub-district unit (see Table 13.1).
On the other hand, the existing socio-economic data stored in the attributes files were
manipulated so that new information can be processed from the geographical point of
view(see Table 13.2 and 3). In the same way, the following data manipulations were
performed, and various cross tabulations were produced as a result of primary data
analysis. These table data are showing the existing urban condition of the BMA and having
a meanings of planning indicator.

Existing land use + Administrative boundaries
Existing land use + Sewage zone

Existing land use + Water service area

Existing land use + Inundated area by 1983 flood
Existing land use + Flood protection zone

Existing land use + Land subsidence zone

Land use zoning system + Existing Jand use

Land use zoning system + Administrative boundaries
Road network + Administrative boundaries
Statistical mapping using altributes (ex. demography)
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The results of the above geographic analysis can be communicated with maps, reports, or
both. A map is best used to display geographic relationships whereas a report is most
appropriate for summarizing the tabular data and documenting any calculated values. The
selection of criteria for the model analysis will be formulated based on the interpretation

and evaluation of the results of those primary data analysis.
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Fig. 13.1 GIS Analysis Procedure
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Table 13.1 Land use Statistics by District

DISTRICT 1uaGH MO LOW | COMM- | INDUS. | WARE- JGOVERN| AGRL- |CONSER- PARK |5C1 Jo0L RE- WAIER] 10TAL
NAME OENSITY[DENSITYV]DENSITY] £RCIAL | VRIAL | 120USE |MENTALICULTUR YATION LGION | 80DY

Bang Kapt 1354] 14.473] 10Atsp 2905 0398 ol ost0] 1AM o] 1384 098 0 0] 45.0%4
Barg Khen 0 7.300 1077 0.8)8] . 0 0 3.399] $3.256 Ly o] 0037 0438 g 15.34)
Barg Kho Laem ol s43¢] oasi] oss2] oo00] o038 oas) 03 o] o0.a30] o013} 00| LIS BAlE
B2ng Khun Thian o] 9ss3] 10983] o181 o0910] o0040] 0018 134339 o 00117 o.b18]  0.003] 0.20}] 156355)
Bang Phiat o| 4089} 4222 0939] 0038 6] 0018] 1484 o 0f o0035] 0043] OH7] 11858
Bang Rak o] 0038 o] 1 0 o] 0214 0 ol oo0te] o025} 0017 092 4044
Bang Sue 7438 1229} ©O851] 0746 04693 of O.t41] 121 ¢ ¢ 0091} 0012] 0555 13.08%
Bangkok Noi 0.615]  331s]  Ae| 1199 0 0] 0.832] 1B O ¢ 0168} 0210] 0586 12297
Bangkok Yai 0085] 3680] oas2) 0B&d] D028 ol 0131} 0533 0 ol o0123] 0173 O.d83] &2
Bung Kemn 0.985] 18577 7.535) 0383 0.849 0f 0051 33312 el LBE 0088 ¢ ] 83119
Chata Chak 3518| 166061 25| 1364 0212 ¢l 40 01N 0] 2418 0418 o 0005 22478
DinDaeng 6] 649 ¢l .05 0 0] 0483 0 0] c©.A28f 0.5 4} 0] 3478
Den Muang 0033 15245} 6451 0528 ¢ 0] 5.586] 20284 0 o o447 ¢ 6] 3857
Dusit 0.138] 26M| o©013] 0272 O.l44 o  s.188 ol 0893 0824 028 098] 074% PLIOD
Iheai Khwang of 54693 29| 1227 0 0] 0.080] 5925 [ 0] o048 0 o] 6330
fomtong ooit] 7883 3347 098] 0IN o] 0050] 10.35% 0 ol 0093] 028} 0439 NI
Khiong San 6 3900 o] o098 oIM] 0047 OU3B] 0.006 of . o] o124} 0038] 0379 6013
Khlong Toei 2369] 16533] 0328%] 2147] o058 087 2599 034 o] O0MF 0ME of 0949 17934
1.21 Phsao 052 10125 5938 0620] 0084 ol 0030} LIl 0 ol 0.082 [ 0] W3u
Lalkrabang 0.533) 23041 2012 0] 2088 & 0] 116979 0 o] 0.027] 0.020 0 I'!li?]e
Mirburi 0052 333 1202 OSMf 1907 o  0.107] 15).895 0 o] D254 0 C) 177.269
Hong Chek 0] 0452] 5.6% ¢ ¢ 0 0 234948 Q o] 000 ¢ o] 241056
Nong Khaeem o] son] 950 0143 0745] 0012] 0490 306N ¢ o] 0.138] ©020) 0] 45953
Pathumwan 0120] 0375 o0M] 109} ¢ o] L9 00N o 1265 L35S 0} 00651 B.080
Phasi Charocn 0.008] 16748 251} 1487|0438 0496 0.10)] 33285 0 0] 0.430] 02354] 0.475] 56612
Phaya Thai ¢ 7.989 0 D.28% 0 0 0529 [ 1] 0§02} 0.06} 0] 509 201
Phea Khanong 1.424] 23853 0.767] 03] 0239 1356] 0332 3938 0 . 6] 63520 Q] 89| 3842
Phra Nakhon 0.156] 0244 0086 20835] 0017 o] o778 0] 0294] 63601 0333 0442] O060H) 5396
Pom Prap Sattrupha  O.181]  0.034 ol 1589 0 ol 02401 0017 0 o]l o454 o47] O05B] 24U
Prawet o] 13.25] 113831 03N 02U 0 0] 38497 ol o575 oo 0 0.d17] 65476
Ratbueane 0387] 10048 2129} 099 0548] 0464 0279 30233 0 o_unr 0.248] 0.187] 1128 46718
Ratchathewi - 0495] .33 0468] 1467 0 0] 2408] 0167 o] 0.140] 0453 ol oosy 203
Samphanthawong [ 0 0 1.013 o] 0] 0038 4 [ 0] 0028 0123 0N 1.40%
Sathon 0.003| 3020 o o] os14] o0.140] 0093 OS] 0096 o] oc0183] 0298 G039 O0AM| 225
Svan Lvang o] ¢2m  4200] 0492] 0023 o] 0ol 6.0% 0] o2 0247 9] 0278 20341
Tating Chan o] 5435 1531 0 G 6| 0015] 565.15) 0 cf o2z ©300] 0.755] 81602
Thonburi 0.143 5.202 LA Ty 1,348 0072 0014 o1 0200 0 ¢l 0.136] OI1%4 0417 5133
Yan Nawa 1166 69351 0229 05925] 008y 0579 0214 0.526 0] 0.025 0099 6.034 1.574] 12403
Total 31.333] 260.103] 135.476|  39.670] 15267 4468) 47741|10134700 " 1I91] 10133 8370 3548 11101]F578.915

Unil: km
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Table 13.2  Sub-district Statistics Produced by GIS Data Manipulation (1)

P Deasity | P_Density . R_Denshy
Diztior Sub-District Code Area | Buwild Areal  Gross Net Increase Raze]  Open Build-up Gross R_Deasity | Soi Density
_ . . k) | (undy | dperKm2)y | {perkm2) (%) Space (%0} Rate(%) | (mHa) | Net(mily) {mhay |
Bang Kapi Fluz Mak w0y 1510 821 7578 14.376 592 3172 5270 ] 18 8337
Khlong Chan ol a4 £.52 10,06 14,645 9 1130 68.70 s 168 5X2%
Wang Thang Lang w1202 1697 13126 8523 10965 £.00 2185 7815 s 151 £9.23
8aag Khea Anusawari : 101401] 1568 1395 6,300 7.065 955 1083 89.17 101 113 8125
Khlong Thanon 101402] 650 132 10,545 $3.698 15.84 20.31 19.63 7 37 8430
O-rgoea wess| N6 082 130 15953 957 2197 603 24 401 6359
Sai hai 100404f 1400 L84 3,748 28,233 1250 8683 1317 %5 4 8186
Tha Raeng 151403) 1314 5.12 2299 8,150 13.82 3 821 17 145 $7.79
Bang Kha Laem  {Bang Khlo 19150} 471 407 14,941 17,506 215 289 8535 66 7 £367
Bang Kho lern 191507 214 148 13,176 19,382 226 699 £5.29 59 86 1564
Wat Praya ki 108501 161 136 21,590 32,539 175 160 8466 ) 7% 7153
Banz Khun Thina |Bang Bon tos3ol| 3538 228 2681 11,511 1024 76,62 2135 2 168 79.98
Semae Dam 08301 4593 1139 21351 9.502 1056 24.99 1.8 35 ) 2093
The Khamn w1302} 7827 238 384 12283 £32 96.73 KR} 19 817 88.41
Bang Phat Bang O 101704 308 192 25,310 40,591 1765 2516 6235 58 93 g3
Bang Pamru 101702 240 27 10,149 10,748 -145 557 9443 91 56 £5.51
Bang Phiat 10170 333 759 13475 16,902 639 1539 71835 9% 17 £0.95
Bang Yikhan 01703 304 267 Ban 31,136 1922 0.00 8.4 7 & 76.65
Bang Rak Bany Rek 101802 048 035 27.838 n158 15.83 0.00 7373 56 5 LT
Maha Fhuttharam 161803 065 0.64 8122 78,581 15.18 000 98 9] 120 12 5865
Si Lo 101804 156 155 17,345 17AlL 269 0.00 962 88 3 1972
8i Phraya 101504 0.76 0.76 89,568 £0,568 1545 0.00 100:00 96 9% 5321
Suranong 10805 0.60 0.60 20,293 20,293 .76 0.00 100.00 1% 133 5346 |
Bang Sue Bang Sue 101608} 1309 1128 25,583 30030 235 9.26 86.19 100 H7 LYY
Bangkok Noi Arun Amarin 101005 294 173 24,073 15926 0.00 143 9235 63 68 8336
Ban chang Lo 101064 132 122 25,913 21055 221 289 95.86 84 B7 098]
Bang Khun Non 101602 165 1.3 6,138 7630 -12.62 Z¥] 8045 53 % 7748
Bang Khun Si 105603 500 2.3 15,769 271390 331 4991 5157 57 100 9200
Sirirat 101601 138 116 3,334 10,567 0.7 0.00 8414 6 5 5775
Bangkek Yai Wt Arun 191102 036 0.26 31,834 15,869 4.86 0.00 £3.75 % 89 6398
Wat Tha Phra 103501 5.3% £64 14248 15,539 852 0.0 86.i5 75 87 BI04
Bung Kem Khanna Yo elooz| 2431 693 2266 6571 5.53 59.35 3251 53 163 88.66
Khlong Kun wienf 2488 14.00 s08% 0810 691 43.67 5633 95 169 9394
Saphan Sung 101903 1696 713 1046 1,249 37 $7.98 4202 65 154 87.79
Chatu Chak Lat Yao roos01] 3248 1306 701t 7835 204 22 59.49 113 126 8607 |
Dia Dacag Din Paeng 10370) 843 B2% 2538 13036 2279 0.00 98.43 153 153 47,22
Don Maang 5i Kan 100603 2069 nw 4357 8751 222 4588 402 ) 145 89.0t
Tatat Bang Khea 10060] 2124 1518 4133 5426 230 2182 76.18 60 79 7454
Thong Song Hong 1oocot] 1664 1091 6,757 10,305 936 L TRTY 6556 97 48 9504
Dusit Dusit ” 100701 136 196 0,156 24,196 1% o0 £330 M 8% sonf
S7 Yek Mahangk 100765 037 036 49354 50,912 1.7 000 o694 & 7] 87 17.50
Suan Chittada 100704 188 0.5% 14,530 43553 097 q02 ».80 60 206 17.41
Thanon Nakhon Chaisi 100702 557 5.2 32,298 35162 3 000 91 85 86 93 £0.54
Wichira Phayabar 100703 1.13 084 25,608 35697 153 0.00 7454 61 86 - 468
thosi Khnang Bang Kegi 103602 6.3 115 Ltol 2.03% 2734 4335 5145 56 168 291
Huai Khawany 10301 488 273 2011 16535 -13.75 4514 £586 §2 146 22,49
Samsen Nok 100604 538 155 5281 6267 593 1492 8508 129 152 $6.15
Jomtorg Bang Kho 100504 341 157 15,126 312824 183 26 80 46.08 5 13 $8.28
Bang Khun Thizn 100503 609 194 7.539 11653 284 3464 6169 19 £0 8116
Baryg Met 160504 .88 469 50T 9,579 6.66 493 5291 8 53 6015
Chom Thong 105502 s40) - 278 10903 21374 453 4566 5101 as 10 6740
Khlong Sen Bang Lam Phy Lang 160303 225 201 23871 15648 455 0.00 89.1% 78 83 8107
Klong San 100301 108 0.9¢ 29996 3235 180 000 87.62 £3 ) 5240
Kleng Yon Sai 100302 £ 161 19,992 21,205 050 0.00 9211 8 91 5119
Somdet Chaophraya (TrEhY] 0.91 .86 12.218 29833 108 164 9143 2 123 s164
Khiong Tocl Kiong Tan 00201 1 10.86 2,646 7559 T 258 403 9549 129 S s 83.9)
Kiong Tori 100201 902 813 14,692 16,309 6.10 a0l 50.08 9% 109 6468
Plia Xhanong 100203 .59 716 11.547 12.218 168 (T %435 17 124 RI04
Lat Phras Chorakhe Bua 103102 1447 714 1629 2312 572 50.61 49.39 106 s 8265
Lat Phrzo 103101 1408 10.23 6.89% 9,443 624 2694 7306 18 162 99,45
Lathrsbang Khiong Sam Praw ey 103004]  17.44 o8e 457 9.4 1203 95.18 432 36 Tl B2 04
Khlong Song Tonnun 103003] 1607 163 2210 0 16.91 $9.95 1065 4 £17 9209
Khuon Thong 19300 2662 138 284 5.466 733 9481 519 4 69 0.00
L arm Prathic 103006] 3328 269 558 5,501 9.11 slat 308 3 8 1209
Ust Krabang 10300 10.73 M 3,591 10,292 563 65.09 13 70 200 84.30
Thap Yoo 101005] 2436 133 630 11,541 837 9454 546 18 3 w42
Minburi Bang Chan 1w604] 2260 153 1677 19,735 1476 8438 1562 41 302 3
Minburi fozes1] 2016 399 4384 (TR27; 148 70.46 2954 56 189 8157
$ai Kongdin 0602 1309 0.35 453 i7.122 13.48 97.15 264 25 929 7583
Sai Kengdia Tai w03l 1617 037 610 11344 867 o461 539 42 1 8255
Sanrwa Tawanck 102606 4508 057 274 ¥ 240 83 48 57 1.41 2t 1474 EAN ]
Samwa Tawanick l02605]  28.72 0.17 233 8631 214 9730 250 20 75% 80.79
Sanszep 102601] M 129 7 20130 i10.87 96.44 15 k1] 864 10
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Table 13.3  Sub-district Statistics Produced by GIS Data Manipulation (2)

P_Density | P_Density . & _Deasity
Districk Sub-District Code Area | Duild Area Gross Met tnoeease Ratef  Open Build-up Liross R_Bensity Soi Rate
_ 2} thind) | {perKm2) | (perBind) (%3) Space (36) | Rate(38) { (ovliy) | Nertavita) (%)

Nong Chok Kktong Sip 103502 300 023 M 29,32} T 99 04 094 0 1069 5156

Khtong Sip Seng 103303 1t.31 08 [32] 1AM 9339 9113 261 7 59 000

Khok Fact 103503 3154 093 160 17,588 1M 9363 422 10 prs] B3

Khu Fang Nua 163504 t8.00 LIXE] 13 55,495 10.68 99.20 ¢80 22 2802 1253

Krathum Rai 103301 40.39 0.77 557 23,248 1.0 98 09 §91 7 J68 000

Lam Phak Chi 103507 333G 102 186 9315 10.33 26491 167 245 2402

Lam Toi Ting 103506 49 0.52 299 14,4358 840 9793 207 5 M7 000

Noug Chok - 193508 3082 135 422 9,512 954 5559 4.4% 9 198 000

Neng Kheem Lak Song 103403 1783 584 3409 9497 843 6727 nmn kH 112 399

Nong Khaain 103402 1468 L %] 2293 6461 1327 6454 1548 19 110 10300

Noog Khang Phiu 103401 HA4 5.29 3.809 10,396 74 631.36 3664 57 155 £9.5¢

Patbome pa Pathoinwan 102002 258 15% 32184 42,300 1388 347 7537 39 51 39.45

Rooyg Muang 102003 123 1.21 68873 71072 223 0.00 96.91 104 103 nn

Suan Lumphini 102004 340 .11 25173 30878 £0.52 0.00 3153 7 o4 5167

Wany Mai 102001 133 1.1 38,952 46,647 §2 63 0.00 3350 128 153 £0.11

Phasi Charcen Bary Chak 102504 - b4D 0.39 3,230 20563 417 1253 2187 25 . 16 99.45

Bang Duan 102507 425 Li9 2964 3t90 131 197 303 30 Z}] 8161

Bang Khae 192505 800 41904 6,150 12,183 4.9 4952 50.43 35 69 619

Bang Khae Nus . 102506 13.52 545 5,259 13,053 633 591 4043 44 109 8292

Bang fhai 102508 15.96 514 2115 6,606 59 6718t nn 44 136 6935

Bang Wa 102500 553 L9 8408 16646 a2 4930 50.50 34 ' o7 5139

Bang Wack 102509 .90 120 1859 13533 443 3503 4140 50 B ¥ 1] 269

Khlong Kwang 102502 .63 087 3486 10484 L] 654 3323 u ) .30

Khuhasawan 102503 0.71 0.47 12981 19,694 1.2% 3081 6591 54 82 9433

Pak Khlong Pasicharoea 1025410 1.1 182 15,585 16,550 0.6 335 M7 80 5 7’19

Phays Thal Samsen Nai ) 102101 2.07 2387 21,997 18641 294 000 9NN 107 109 1480

Phes Khanong Bang Chak 102401 1502 14.54 875! 9.139 518 1.45 9576 132 138 BO.92

Bang Na ) 102402 1875 14.74 6,680 8.501 504 1875 1858 12 [EX] 1808

Phra Nakhsa Baa Phan Thom 100106 0.41 039 31382 31338 049 ¢00 95.56 14 149 75.15

Rang Khun Phrom 100105 0.45 0.44 20,438 20837 059 000 S309 i %6 71X

Bowon Niwet 100104 0.49 046 13051 1,5M 152 000 9.7 139 149 s

Chana Songhkhrana 100102 0.35 0128 14,025 17,529 099 000 3001 1H 142 16.10

Phea Borom Maha Ratchawany 100107 153 1313 ’ 6031 11,4560 098 400 5280 &6 12% 1536

Sam Ran Rat 100111 022 (913 30,880 43285 -0.93 0.00 71.34 §1 o {mn

San Chao Fhor Sua 100110 0.}5 o4 41,594 41018 056 000 9428 1 17 6509

Saa Chinpcha 100012 0.16 013 31,898 41,710 032 0.00 8127 130 16G 59.16

Telad Yo 100103 019 o1 35081 32,635 D12 Q.00 9037 122 135 %49

" [Wany Burapha Phiton 106108 on| 057 1996 32,008 R 0.00 ED52 115 166 2420

Wat Rarchabophil 100169 022 o2 28757 31,000 136 0.00 9275 162 175 5238

Wat Sam Pleaya 100101 052 0133 11,756 16028 -1.00 000 1338 ol 97 2N

Pom Prap Sattruphqd Ban Babt 102204 0.49 ¢33 79786 84,544 19.87 ono o437 13| 11t 1361

Klong Mahanack : 102202 038 &.54 84,842 01,297 2% 287 9293 97 104 65,12

Pomprab Satrupibe 102205 0.5% 0.59 94,052 9,065 1557 000 99.99 63 165 5535

Wat Debsirin 102203 043 043 7014 11,146 "4 000 99.83 168 168 61.67

Wat Soamumanuy 1902231 645 044 65,413 62109 1327 000 9732 146 150G 3889

Prawet Dok Mai 102102 14.95 {67 1,400 41483 124} . 6878 nn [ S 207 8317

Nong Bon 102403 1282 810 35719 5690 5.64 3661 6290 83 141 86.60

Prawet 102101 3764 13.54 1558 7028 © 108 6243 1589 56 [3.2] oY

Ratburana Bang Mot 12904 11.41 330 4718 16,544 10.65 Ay 2394 26 91 6524

Bany Pakok ' 107903 804 459 1,771 613 58 18.20 S ) 64 6613

Rarburana 102901 5.61 102 15,583 1,780 2929 8441 T35 | 75 6618

Thung Khry 102902 2165 337 1219 14,267 10.30 344 15,58 ) 8 52 6138

Ratchathend Atakbasan 192804 247 239 12893 7 © 1338 000 96.53 92 ] 7003

Thaaon Phaya Thai ip2se1| - 125 125 11,152 2115 . 1SS 000 99.64 Ie 116 5061

Thanon Phetcha Bun 102802 092 D8 - 49,346 51013 126 ) 891 B5.58 b2 N 6158

. Thuny Phaya Thai . (02803 25! 237 47,900 50,237 368 243 94.41 n 16 65,16

Sampbenthanong JChakkraval ) 103202 051 AR 42,914 30,064 HE] . 400 8555 124 145 M2

Sa:n Phamthawcng 103203 ~ 049 o4 19292 43 808 .94 000 90.83 130 143 +1.30

Talat Noi : 103201 041 035 18,6860 90,409 1514 Qo0 37.00 12 32 anau

Sathen Yhong Mahamek 103302 191 291 LAY 10,582 B -1 0.00 105.00 107 1oy 63

Thuny Watdona ’ 103363 252 R ) 25,501 26,511 155 ©3EBI 96.19 5 8 ot

. Yannawa 100301 . 18) 163 23,015 25,055 0.1 0.0 91.86 T 88 95 €6 3%

Svan Luzng Sucn Luang 103304 2074 1425 1,806 1358 745 2938 372 B3 ) 123 164

Taking {han Bany Chuak Nang 0305 6.95 L] ] 1,455 14,167 - 310] B85 1027 15 143 4988

Bang Phrom 1008061 - 5.3 065 © 3287 15,206 7109 8467 . 1296 o 5% 6297

Bang Remat 106807 15.36 i [XEE 6516 837 78.58 1088 26 126 FARE

Chim Pl 100802 15.49 - 600 2631 6,795 1077 60.60 382 48 1% 6338

Khlong Chak Phra . 100801 2.54 142 5,455 9,151 904 3240 5595 » 0 5151

Sala Thammasop 100808 1933 1N 1.146 5.681 1491 19831 048 30 143 47.58

Taling Chan [{CH 0] 501 383 5419 8519 £.63 1320 63.72 LH 58 &3

’ Thawi Watthana 100804 16.60 192 1817 6801 912 242 .58 25 28 o719

Thenburi Bang Yirva 100501 19 7 41978 18845 007 .00 9802 76 7 o654

Bulbhalo 100203 430 390 34548 38.054 238 164 90.79 17 85 WH

thirsnrcht 100063 066 ©OD6S 10,244 11,079 152 0.00 97.97 90 9} nn

Talat Pllu 100702 (1] L&D 32,607 429 016 0.00 8182 6% 13 51490

Wat Kanlaya F00204 0.15 065 312042 35,783 4314 G000 BLH 56 &4 ar6s

Vin Nawa " |Bang Phonyg Pany 102702 496 3N 12220 16,229 673 15 330 k1 T 207

: Chong Nonsi 102704 4 654 12,384 14,083 949 201 3791 Kl &) 5830
Grend Total BM A 1,.578.91 4102
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13.3 Secondary Data Aneﬂysis

Geographic analysis allows users to study real-world processes by developing and applying
models. Such models itlustrate underlying trends in the geographic data and thus make new
information available. A GIS enhances this process by providing tools which can be
combined in meaningful sequences to develop new models. There are two kinds of
analytical models, qualitative and quantitative, coupled with the GIS database. In stage of
the secondary data analysis, the basis for the model calculation is a polygon overlay with a
qualitative model for the urban development suitability and potentiality evaluation. The
process of model consists of the following elements. o

1) Sclect criteria; ' .
2) Give different weights to the criteria selected  (optional); and
3) Combine different criteria.

First, criteria were selected in terms of physical constraint, urban environment service,
transportation service and living facilities service as shown on Table 13.4, and then the
weight score was given to each item of thematic map manipulated by GIS.

Next step is to perform the spatial overlay of the plural maps according to the assigned
score of each item, and sum up the tolal score value for four different evaluation maps. The
results are shown in the relevant part of this report. The importance from the viewpoint of
GIS is to assess the spatial distribution of problems and establish an objective before stating
any analysis. To review the problem, the potential area for the urban development in future
is being identified within an environmental regime. On this process, the score itself is merely
estimated relative value for discriminating a specific site to meet with the planning
requirements. '

Table 13.4 Criteria and Weighted Score for Urban Development Potential Evaluation

Evaluation Condition Score -3 2 -1 0
Ihysical Constraint  fN1{Ground Subsideace >1.5m 10-1.5m 0. 1.0m Om
N2jinundation by 1983 Flood Yes i No
N3jfaundation by 1693 IFload Yes : No
M4\’ leod Protection Zone *1) A zone 13 zone C zone Othars
tvalvation Condilion Score | I U
Urban Eovironment (UL Water Services Yes No
Survices U2)Sewcrage Seevices Yes Neo
Eviloation Condition Score : 5 4 3 : 2 -
‘Transporiation Ti|Accessibitity to Trunk Roads 0.5km of R1/A2] 1k of RIRY | O.5km of I3 temi of R) Noae
Services - 12 Accessibitity to Railways 0.5km from SIN| 1km from STN |1.5%m from STN} 2ken from STN Hone
A Accessibility 1o Dus Scrvices S00m zone 1000m vone MNone
livaluation Condition Score 5 4 3 2 1
Faving Facititics FI|Accessibitity to Hospitals - <lkm b-2kmzone | 2-3kmeone | 3-Skmzone >5km
Seivices F2 | Accessibilily to Commercial <2km” 1 2-Skmzone | 5-10kmzone | 10-13km zone >15hm
©*1) A : lastern King's Dike +2) R Primary Road
B foner Dike - King's Dike © R2:Sccondary Road
C . Tonburi Lowlands © R3:Trough Road
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13.4 Tertiary Data Analysis

In this stage, simulation modeling analysis for the future urban potentiality in BMA is
conducted. The objective of GIS is to provide the means to carry out the analysis which
relate specially to the geographic component of the data. The analysis may be more complex
“and sophisticated. At the advanced level, GIS can allow statistical calculations of the

relationship between data sets to be computed or distances between entities may be used to
determine the route that must be followed to move as quickly as possible from one location
to another. The most sophisticated analysis occurs when modeling is introduced. Tt is
possible, for example, to use atmospheric modeling techniques to discover which area might
be affected by pollution resulting from an explosion at a particular hazardous installation,
given certain criteria. The traffic conditions were also restored by the simulation method
according to the several alternative scenarios of transportation planning.

Finally, various indicators for the future urbanization were combined and analyzed through
the mathematical model. Data manipulation capability of the BEIP-GIS is fully applied for
the calculation and output mapping of the simulation modeling. The above digital
procedures and simulation results are described in each section for land use plan,
transportation plan and air pollution mitigation plan.
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CHAPTER 14: RECOMMENDATIONS OF INFORMATION
SYSTEM DEVELOPMENT

14.1 Developmént of Mapping System

Experts of BEIP study team have been working for more than one year and have conducted
large volume of data collection through the counterpart staff of DPW of BMA. In the course
of these efforts, study team have confronted many unseen difficulties such as availability of
existing data, accuracy, date of data generation, accessibility to the new and original data,
and institutional constraints for informatization etc.,. Those problems are mentioned in the

following paragraphs.

(1) Necessity of Large Scale Topographica_l Map as a Base of Urban Planning

In BEIP study area, those base maps are available for urban planning works such as
1:4,000, 1:10,000, 1:20,000, 1:50,000. In these maps, 1:4,000 and 1:10,000 maps were
prepared by JICA as a technical cooperation program in 1987. Royal Thai Swrvey
Department (RTSD) is basically a responsible agency for national survey and mapping.
This agency has been made an effort to the preparation and compilation for the
national topographical mapping. 1:20,000 and 1:50,000 scale topographical maps are
prepared by RTSD as a national base map in 1970’s , 1980's, and early 1990's. As we
recognize clearly that the urbanization and development activities are so fast in
Bangkok that the basic data preparation for land use control or urban planning is
totally late. The contents of those maps are now out of date already and updating
works of these maps are relatively limited. .

For the urban development and management planning of Bangkok as a modem and
huge city, fast preparation of large scale topographical map is an essential investment.
According to the result of BEIP study, built-up area of Bangkok in 1993 is calculated at
54,000 ha (540 square km), and land use changes are mainly taken place both in
business district in the city and fringe area of Bangkok. Eastern agricultural area and
south-western marsh land area of BMA are still less developed.

- For the economy of mapping cost and time, the new topographical map should be

+ prepared in two scale. In those area where the urbanization is highly expected, 1:2,000
or 1:2,500 scale map should be prepared and rest of area where the development and

- urbanization is not so high, 1:4,000 to 1:10,000 scale would be acceptable.
Administrative boundaries such as district, sub-district or related statistic unit etc,,
should be drawn clearly in these maps. In case of Japan as a reference, base map scale
for wban planning area is regulated at 1:2,500, 1:5,000, and 1:1,0000. All of
municipalities are prepared 1:500 or 1:1,000 scale topographical map for taxation and
management of urban facilities or ulilities in Japan. ' '

(2) Urban Land Use Mapping _ _
In addition to new topographical mapping, it is necessary to grasp the dynamics of
urban land use correctly. For this purpose, existing urban land use mapping should be

 conducted based on the new base map. Preparation of the most updated data for

- urbanization is a basic responsibility of the urban planning agency, therefore, necessary
budget and human resources should be invested in this sector. In this study, existing
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land use map which is compiled in 1995 by Mapping Division of City Planning
Department, BMA is provided to the Study Team, however, the basic scale of this map
is 1: 40000 and aerial photographs used for land use interpretation was taken in 1993.
Therefore we are able to have only a macro level understanding on the land use pattern
in BMA at 1993 from this map. Many buildings and sub-division development have
been taking place in these three years, so the necessary updating of this map should be
also conducted. New classification system and definition for urban land use mapping
based on the large scale topographical map should be discussed so that the final land
use map well shows the reality of existing urban conditions.

{3) Preparation of Aerial photograph in BMA

Preparation of the aerial photograph is also very significant to monitor the change of
land use in BMA. In order to check the land use change efficiently in urbanized area,
basic scale of aerial photograph should be set at 1:5,000 to 1:1,0000 and preferably,
aerial photograph should be taken once a year or once every two years.

(4) Involvement of Private Sector for Mapping Service _

It is not easy to mention something about the institutional system on mapping and
surveying in this country, however, flexibility of various scale of map supply seems to
be limited. Existing mapping service capability should be improved in short or middle
term point of view. Because of the fast growing of the Thai economy, many kinds of
infrastructures have been developed and started to operate. For the efficient operation
and maintenance of urban facilities, quick supply of large scale map is an essential
thing. Traditionally, survey and mapping functions are managed by military agency in
general due to the requirement of national security. Aerial photograph can be taken
under the permission of relevant military agency still in many countries, however, even
in ASEAN countries like Philippines, Indonesia, or Malaysia, :

14.2 Utilization of GIS for Administralive Purposes

(1) Problems for Introduction of GIS Technology

In BMA, many computer systems are installed and used for various data processing.
GIS is not an exception. Many EWS or PC based mapping systems including GIS are
using mainly in planning agencies. The largest and most critical constraints for the
promotion of geographic database development is the supply of basic map data. In
case of BLIS, due to the lack of most up-dated map data, old map which was compited
in 1985 had to be input into the most updated computer systems. Clear purpose and
long term perspectives are the most necessary things for the development of the
geographic database. The meaning of geographic information is to have the newest
coordinate data { or geographic boundary data) and related attribute data at the same
time, For the urban planning purposes, such data as existing urban land use, location
of buildings, type of building use, land use zoning and so on, should be input beside the
topographical data. In case of the development of tax assessment system, many
factors for tax evaluation must be input together with land ownership data and also
the systems for evaluation must be developed as a subsystem. It is very easy to
purchase the most updated and sophisticated computer systems, but it is not easy to
best use of the system efficiently without the plenty supply of the necessary data.
Basic and accurate data preparation should be accelerated for the future
informatization in BMA. '

(2} Establishment of the System Information Center for BMA

In BMA, GIS has introduced and operated in several depattments independently and
package software on those systems are either ARC/INFO or MaplInfo. Each system
seems to be operated and maintained by a few engineers. Although GIS has installed in
planning related agencies, application system development is still limited and the
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systenv is not fully utilized for planning works. Specific know-how such as
urban/regional planning, transportation planning, urban facility management or tax
assessment etc., should be well combined with the application of GIS technique.
Without those know-how or methodology, se called GIS expert can only reproduce the
input map again through the sophisticated computer systems. The most significant
purpose to infroduce and develop the geographic database is to conduct the spatial
data analysis to support the various planning works or to support the various
management works. In order to avoid the duplicated investment and to best use of the
existing GIS equipment, data and human resources, establishment of the System
Information Center based on GIS technique shall be one option. In this Center,
systematic training for the GIS operation, application system development, necessary
data generation and information production could be conducted as a basic service for
the whole BMA. Necessary discussion on this matter shall be waited.
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APPENDIX 1: THE BEIP TRANSPORT SIMULATION
MODEL

1. Back Ground

1.1 Introduclion

The simulation model used for BEIP has been developed for the whole of the
Bangkok Metropolitan Region, BMA plus the five adjacent provinces of Nonthaburi,
Samut Prakam , Pathun Thani, Nakomn Pathom and Samut Sakorn .However the
presentation of the results will concentrate on the BMA . ‘

This appendix describes the development of the simulation model. The appendix is
divided into an additional 6 sections. The overall model development structure is
shown in Fig.AP-1.1.

DATA COLLECTION
Demand
Demographic

Travel Surveys —
Supply .

Network Characteristics

Traffic Courts

Trip Generation
ang Modal Split

l

Trip Dislribution

Commercials l

— P Traffic Assignmenl

Externals }— l

CALIBRATION

Fig. AP-1.1 Model Development Process
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Section 2 describes the data collection procedure including the development of the
traffic zone system, and the trip generation and altraction mode! including the initial
production based modal split are detailed in Seclion 3.

The trip distribution for this model is discussed in Section 4. Section 5 describes the
development of the commercial vehicle and external trip tables. The final model
calibration / validation is given in Section 6.

In Section 7 the procedure for running the model to test different transport scenarios
is documented for reference including the interface with GIS for presentation and
environmental analysis. This seclion also describes the 10 cases analyzed in the
development of the Transport Vision for BEIP. The final post distribution modal split
for new nelwork analysis is also described in this section .

APL -2



BEIP-STUDY: FINAL REPCRT: APPENDIX 1

2.  Data Colleclion

2.1 Overview

The data collection for this study was jointly done with the Urban Transport Database
Model (UTDM), a national government project being undertaken for OCMRT. In the
past, transport studies in Bangkok have developed their own databases and zoning
systems. Now for the first lime a comumon approach is being used by two different
major studies. Although some details are different the models developed in each
project use a common database.

The UTDM project is designed to develop a model that will form the basis of
transport modeling in Bangkok for some time, the BEIP simulation model is
developed to evaluate overall transport strategies in Bangkok, rather than at the
individual project level. In-many respects the BEIP simulation model can be
considered a sub mode] of UTDM. '

2.2 Traffic Zoning System

For the first lime in Bangkok ,the zone boundary is developed directly from the
census boundaries. Each traffic zone was designed to consist as an aggregation of
Census Enumeration Districts. The BMA is divided into over 4,000 enumeration
districts each with approximately 500 households.

In the case of the BMA, it was divided into 332 zones wilh an average of 6,000
households per traffic zone. The whole BMR is divided into 505 zones. There are
further 15 zones which are the external stations representing the locations where the
major roads cross the study area boundary for the transport simulation model. The
roads represented by the external stations are given in Table AP-1.1.

" Table AP-1.1 External Stations

External Road Location

Zones =
L5906 ... HighwayRoute# 35
507 Highway Route # 4
508 Highway Route # 345
509 Highway Route # Ky3]

5i0 Highway Route # 340

511 Highway Reute # 3111

592 Highway Route # 3309

513 Highway Route # 1

514 © Highway Route # 32

-1 12 . Highway Route # ~ 3261
- 516 Highway Route# 305
517 Highway Route # 3342

- 58 - Highway Route # 304
.58 oo HighwayRoule# 34
520 H|ghway Route # 3

In the development of the zone boundaries within the BMR, three principles were
adhered to namely

*  azone boundary does not cross a dlSll ict or sub-district boundary ;
* azoneis des1gnated to be homogeneous in nature; and
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* azoneis designated to represent a transport catchment area .

However overall the guiding control was that a zone is an amalgamation of census
enumeration districts.

2.3 Home Interview Survey

The major data collection exercise for the transpart model was the home interview
survey. This was a joint survey with UTDM. UTDM undertook the first 4,000
surveys followed by an additional 4,000 by BEIP. The same survey staff was used in
both sets of data together with a consistent technique for survey sample development,
The survey sample expansion factors were developed for a combined sample. The
sample selected from each province is given in Table AP-1.2

Table AP-1.2 Sample Distribution

Total Households

Province Sample {1000)
Bangkok 3,971 2,037
Samaut Prakarn 1,459 242
Nonthaburi 1,022 : .. 163
Pathun Thani ) 723 147
Nakhon Pathon ' © 225 ) 172
Samut Sakhon 479 : 94
TOTAL 7879 2857

On the completion of the zoning system a zone to enumeration district equivalence
table was prepared for use by NSO . NSO then reprocessed the census data and
summarized selected census data on the basis of the 505 internal traffic zones for the
BMR. : ‘ ' '

Other survey data collected by the UTDM project used in BEIP included:

* Roadside Interview Surveys

*  Midblock Traffic Counts

*  Turning Movement Counts

*  Public Transport Passenger Interview Surveys
* Travel Time Delay Surveys

* TaxiSurveys C

24 Demographic Data

The base year demographic data for 1995 was developed jointly with UTDM and has
been thoroughly documented by that project data. The home interview data
provided an additional check on the consistency of the base year. A summary of the
planning data is given in TableAP-1.3 for the base year 1995 and the trend forecast
year of 2011. The districts boundaries are shown in Fig. AP-1.2
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Table AP-1.3 Summary of Demographic Data

District Population HHsize | Avg BH income Employmert Student
1995 2011 | 1995 2011 | 1995 2011 1995 2011 1995 2011 _
Phra Nakhon 106334 107,190] 449 40 27580  44048] 158370 301929 69542 71075
PomPrapSattupha| 198733 181,747{ 454 447  17.248 22,620 99,45 143201 30872 28215
Samphanthawong 73479 67422 460 41 36783 58834 52002 8323 16610 15241
Bangkok Noi 251535 208980| 422 39] 15497 24819 41500 59971 s0816 60519
Bang Phiat 247,004 301,047) 418 381 19902 31,448 77430 125854 39977 49,097
Khiong San 144,402 167,473] 461 434 18501 20,736 77766 105741 15743 18254
Thonburi 206,430 343,068] 442 399 15074 24,414 85862 115151 48837 56,143
Bangiok Yai 103061 127470 427 38y 17725 28353 46686 66204 44657 54631
Dust 253042 282910 390 364 2267 35260 84911 124549 115323 115296
Bang Rak 164413 150869| 409 379 14985  23955| 296236 451,534 50218 46,028
Bang Kho Leam 144223 168481 428 384 13215 21,134 84683 116020 11246 13052
Bang Sue 338,730  404365| 393 354 23,138 37,222 85456 109,684 40,195 50,403
Pathumwan 200939 266851| 448 40 1639  26214] 163812 250040 91673 83849
Phaya Thal 254027  307.974] 377 _3.53 18561 30,019 73320 127.00 33577 42,367
Yan Nawa 152,804  180088] 408 376 14636  23324| 118205 175001 23445 27,472
Ratchathewi 250,641 241,399 377 36§ 17935  28501| 240932 454861 80,120 74,479
Sathon 136963 161,532| 442 373 1738t 27,764] 113728 20650 57,427 67,280
Kiong Toel 306,564 338,142 394 3sd 17,122 27457 394509 522341 101,313 141,377
Chatu Chak 27700 269668 378 367 31188  40188| 120801 17589 126719 148518
Don Muang 208654 520213 381 347 226881 37330 137784 217654 77796 131,643
Bang Kapi 388381 538462| 344 33d 24141 36444 220334 21074 132524 154555
Bang Khen 377261 420802) 358 344 24247 37,406 70325 68644 58260 64553
Bung Kum 251,243 488993 362 35| 23000 35230 80863 122624 27,197 57,972
Phra Khanong 258,079  310499| 385 35 35226 55488 - 152774 154317 . 57,285 66,766
Suan Luang 161,910 282,459 386 354 26,416 45,02‘2 62385 80631 22036 44,631
Prawel 163,346  340256| 440 391 23528 38,732 64,788 83404 21416 34,126
Huai Khwang 93576 156008 350 220 16382 25908 150046 2028307 33165 66,659
Lat Phrao 164,073 297.852| 382 354 23624  35.170] 42007 s296d 12706 29715
Din Daeng 761,227  242838| 385 351 16546 26,607 123923 11832 720717 66973
Minburi 185830 268401| 492 37d 25349 43920 74282 61494 . 30085 45325
Latkrabang 123696 160370 396 374 14690 23538 83922 42811 34061 42149
Nong Chok 93244 - e5465| 457 ‘41d 12667 20262 32739 1615 13342 13652
Chom Thong 199,282 © 306422| 421 389 158502 24,730 69,117 81,85 22082 35963
Taling Chan - 171,706 282862| 403 371 28708 48352 44541 33524 19648 30696
BangKhunThian | 220975 477.450| 403 379 21,218 32167| 123,780 141,164 34861 72670
PhasiCharoen | 314860 438883| 445 374 12607 10607 < 173720 199421 77663 128752
Ratburana 264724 325158 432 30§ 24738  40327| 75270 6383 40968 48865
Nong Khaem 144,123 166520 392 36§ 28041  44872| . 122102 91834 36160 41,408
B8MA TOTAL 8,126,125 10495953 | 399 36 _ 21,032  33802] 4338325 5,767,894 1,871,458 2319.369
OTHER TR ‘ ' : ' :
PROVICES SRR = :
Samit Prakarn 982,794 1258367 405 374 15232 23151 661,040 932204 61,355 106,162
Nonthaburi 668926 1,007608| 409 37 27093  43788] 278857 34168 103033 122,661
Pathun Thani 584283 o19464| 397 38d 17733 32049] 363844 302407 128879 164451
NakhonPathon | - 721917 1071,249] 448 3770 © 15098  23,722| - 411,098 555508 153,107 266,344
- Samut Sskhon 357,650 ,' a73211] 392 364 12997 21323 206559 430049 42793 30374
'GRAND TOTAL 11,451,734 15225872 401 367 20004 32452| 6349718 8329754 2355625 3,002,360
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Fig. AP-1.2 Districts within the BMA

2.5 Network Development

The road network is a computerized simulation of the road system located within the
study area. The network consists of numerous links (road segments) and nodes
(intersection points), with each link being embedded with a unique set of indexes
describing ils operaling capabitities. Two of the most nnportant measures in this
regard are speed and capacily.

There does not, at present, exisl a manual in Tha:land which quanutahvely describes
the relationship between speed, volume and capacity and road inventory under local
conditions. In the past, these relationships have been developed in an ad hoc manner.

To adopt a scientific approach ,sources external to Bangkok and Thailand must |
therefore be employed for this purpose. Itis the opinion of this project that link speed
and capacity can adequately be developed based on recent findings of investigations
conducted by UTDM and Indonesian Highway Capacity Manual.

It is judged that the application of these findings in a Bangkok context is more
appropriate than the more traditional highway capacity manuals prepared for use in
American, Japanese or Australian highway capacity techmques

The use of a Thailand highway capacily manual is, of course, preferred once such a
document is available and adopted on a uniform national scale. Since on the master
inventory file there are data about road inventory such as locality, number of lanes
and side friction new relationships derived in Thailand can readily be used in the
future. This inventory to date has been based on the records of the BMA, 4
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The study area road system, including all national, province, district roads and major
through sois, a total of some 1,700 kilometers within the BMA. The level of detail
with which the zone structure and highway network are built must be in balance;
thus, not all existing roads need be included. Indeed, to provide linkage belween all
zones, a highway network embracing all nationally-owned, and principal BMA- and
DOH-owned roads, is adequate. '

The base-year (1995) network was therefore built via three steps:

+ Digitization of the network, using the capabilities of ARC/INFO software,
zone boundaries and relevant road network elements depicted on maps
developed by Royal Thai Survey. Within the study area, base map scales
varied belween 1:20,000 for BMA and 1:50,000 for cutside BMA,;

+ Integration of field surveys and inventory data available via previous
studies and our field survey conducted within the study area. This included
a review of all inventory data held at the BMA within the Department of
Public Works.; and

«  Caleulation of link parameters , the link parameters were calculated via a
series of linked spreadsheets. (In retrospect if this procedure is used again it
is strongly recommended that this procedure be redeveloped in a database
framework.)

For the purpose of the development of a transport model ,the transport modeling
software in this case, TRANPLAN', highway network simulation programs require
following parameters for each linkinodes, link distancelink capacity,and an
assignment group code {capacity index in some software).

The A and B nodes are numeric values that identify the “from” and “to” ends of a
link. Node locations are defined by their X and Y coordinates, which are derived from
the digitizing process, and thus permit displays of network content, perfermance and
operation via a graphical network editor in this case, NIS.

The Link distance defining the length of a link in kilometers ,this is measured directly
from the GIS software.

Free flow speed, which is defined as the safe speed at which a vehicle would travel on
a link in the absence of other traffic. The average free flow speeds are calculated
based on equations used in the Indonesian Highway Capacity Manual, augmented
by speed studies conducted throughout the study area.

Link capacity is defined in terms of practical capacity and assignment capacity.
Practical capacity represents an absolute limit regarding the number of vehicles
{peu’s) which can be accommodated on a given road section under realistic
operational and terrain conditions.

Assignment capacily represents a trip-making threshold for modeling purposes at
which alternative route choices {as possible) are likely. This is generally adopted as
being synonymous with a Level of Service C/ D? and uninterrupted flow condition”.

T YRANPLAN (Transpost Planning ) and NIS (N etwork Information Systems)is an integrated set of compules programns
cffering , witin a single package , comprehensive planning and forecasting capabilities for botiv highway and lransit systems.
TRANPLAN/NIS is proprietary softwaré distributed by the Urban Analysis Group , Danville, California USA and icensed for
use by Pacific Consultants International.

? Lecel of Service as defined by the Highway Capacity Manual , Spedial Report 209 Transportation Research Board , USA
1985 (w:th subsequent upda!es}
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Assignment capacity, free flow speed and traffic loadings are integrated via speed-
decay curves which dynamically decrease link attractiveness (speed) as the volume to
capacity ratio (V/C) increases.

Practical capacity is calculated in terms of hourly pcu’s per lane or section,
assignment capacity (about 80 percent of practical capacity) is generally expressed as
daily link pcu’s based on a specified percent peak hour factor.

Assignment group {ASG) code is used to identify links to which a common capacity
restraint function is to be applied, that is, link speed is reduced by a pre-determined
function as the link volume to capacity ralio increases.

Speed decay functions mirror the IHCM speed-flow relationships and depict speed
- decreasing from free-flow slatus as the V/C ratio increases. The change is
particularly pronounced for narrow roads due to numerous avoidance maneuvers
between directional lrafﬁc streams, as well as belween traffic streams and roadside
activities

Link type groupings are developed in accordance with relationship with the database
and represent inventory items such as the agency ownership of the read.
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3. TRIP GENERATION

3.1 Overview

Two concepts require definition when describing the structure of trip generation
models. The first is the concept of trip productions and trip attractions; the second is
trip stratification.

In this model also the initial modal split is applied at the generation stage. This stage
focuses on predicling the absolute number of daily person trips generated by each of
the study area’s 505 zones by purpose by mode.

3.2 Definitions
(1) Trip Production / Attraction

In modeling terms there are two types of trip ends - productions and attractions.
Trip productions are located at the trip maker’s home (the majority of all urban
trips begin or end at home). Trip ends ‘produced’ by the home are linked with
the characteristics of the household producing the trips - the number of persons,
workers and students in the household, the household inceme and the number
and type of private vehicles available to household members.

Trip attractions on lhe'other hand are trip ends located away from the trip
naker’s home and are estimated as a function of variables that ‘attract’ trips
{persons} to that location (for example, the availability of jobs or educational
places).

The 1995 household survey yields information describing the sociceconomic
characteristics of potential tripmakers in a given zone. This information
{household income, number of persons, workers and students in the household
and the availability of private vehicles) is related to the number of trips produced
by members of individual households. '

Trip productions therefore are estimated as a function of a zone’s residential
development. The attraction, or non-home, end of trips is estimated as a function
of the sociceconomic variables that tend to “altract” trips. Variables used for this
purpose include employment (number of jobs) and school enroliment.

It is generally accepted that trip productions are estimated with more accuracy
than trip attractions. Therefore, total trip productions are used to define a control
total for aggregale travel in the study area. As the final step in the trip generation
modeling procedure, Irip allractions are therefore factored to equal trip
productions. '

(2) Trip Stratification

Trip makers travel to satisfy different objectives. In the study of travel behavior it
has been found that it is possible to more accurately estimate the different kinds
of trips separately than in total. In addition, the purpose for which a trip is made
is often related to differences in several characteristics of the trip (the time of day,
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the mode of travel and the distance one is willing to iravel to satisfy one’s travel
objective).

Trip characteristics, particularly vehicle ownership patterns, are strongly
correlated with household income. Therefore, stratifying total trips by trip
purpose, levels of income as well as vehicle ownership improves the accuracy of
mode! components addressing these trip characteristics.

In the BEIP models four major trip purposes are used:

»  Home-based Work (HBW) - Trips between residence and primary work
location. _

* Home-based Educational (HBE) - Trips between residence and school
location.

*  Home-based QOther (HBO} - Trips between residence and all other locations
(shopping, recreational, religious and personal business locations). -

»  Non-home-based (NHB) - Trips with neither end at heme (for example, a
trip between work place and restaurant).

In addition to these major trip purposes, lwo important characteristics of the
tripmaker have been used to further stratify trip purpose; namely, vehicle
ownership patterns and household income. Review of the 1995 home interview
survey data found that trips made by different vehicle availabilily groups had
different characteristics of trip lengih and mode choice.

To represent these differences in the model {and lmprove the accuracy of the
forecasts) A total of sixteen purpose/vehicle availability group designations are
used to represent lhese differences in the model (and improve the accuracy of the
forecasts). These sixteen different categories of irips are processed separately by
the trip generation and (later) trip distribution model components. For each of
the four trip purposes listed above, four different levels of vehicle ownership are
adopted; namely, housecholds which own: '

*  Group 1: No vehicles;

*  Group 2: Atleast one motorcyde (but no cars),

¢ Group 3: At least one car (and possibly a motorcycle); and
*  Group 4 Two or more cars (and possibly a motorcycle).

As discussed in the following paragraph, household income is the single most
important determinant of vehicle ownership. Results of the home interview
survey yield typical household incomes; these were combined inte four major
groupings, with each grouping containing roughly one-fourth of study area
households. These four groupings represent houscholds with low, medium-low,
medium-high and high incomes (Table AP-1.4} ' :
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Table AP-1.4 1995 Household Income Distribution: BEIP STUDY AREA

Gielts income Group v " Income Range -7 Number of 7.7 Percentin o
S Number o Name “’(BahtMonth) .~ Households ' " Range '~ Group
1 Low Less than 5,000 125,786 44 265
5000-9988 - 631,787 221
2 Low-Medium 10,000 - 14,999 754,714 26.4 26.4
3 Medium-High 15,000 - 19,999 - 431,674 5.1 e
20,000 - 24,999 217,266 16
4 High 25,000 - 29,999 214,407 75 244
: 30,000-39599 174,355 6.1
40,000 - 49,999 117,209 41
50,000 - 93,999 160,091 56
_ 100,000 and up 31,446 1A
Total o 2,858,766 100.0 1030

Source: 1995 BEIP Household Survey

3.3 Generalion Model Developmé'nt

Further review of home interview survey results confirmed, in addition to the
previously defined stratification’s, that considerable differences in vehicle ownership
and trip making propensity exist between residents of the Bangkok Meiropolitan
Area {(BMA) and persons residing outside of the BMA but within the Bangkok
Metropolitan Region (BMR).

In terms of monthly household income (year 1995 Baht), differences are not overly
pronounced. The BMA average is, for example, 20,600 Baht, and outside of BMA,
18,500 Baht . However, a BMA resident is more likely to own a vehicle than a person
residing outside of Bangkok if incomes are reasonably simitar. Far example, some 60
percent of BMA households with an income of between 10,000 and 15,000 Baht are
likely to own no vehicles, and slightly over 10 percent own a car (Fig. AP-1.3). In the
case of households outside of the BMA with similar incomes, only some 40 percent
own no vehicles and about 25 percent own one car (Fig. AP-1.4).

Thus , one additional stratification hieraichy by geographic entity {BMA, outside of
BMA) was maintained throughout the production modeling process.

Two different mathematical techniques are used to construct the trip production atd
attraction models. The trip production models cross-classify households by income
and vehicle availability category. Within each income/ vehicle availability group an
average rate of trip making for each of the household cross classifications is derived
from the findings of the home interview survey .

These averages are then plotted and smooth curves are fitted to the individual points.
The trip rate curves represent trips per worker for homebased work trips, trips per
student for homebased school trips and trips per person for homebased other and
non homebased trips. In some cases, aggregations in vehicle ownership categories
proved possible due to similarities in trip making patterns. The adopted trip rates
confirm that {Table AP-1.5): ' :
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‘ 1555 VEHICLE CWRHERSHIP PATTERN - ?ANG!(OK_METRQPOI.IIAN AREA
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Fig. AP-1.3 Vehicle Ownership within BMA

1565 VEHICLE OWNERSHIP PATTERN - OUTSIDE 8MA
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Fig. AP-1.4 Vehicle Ownership within BMR ,but oﬁlsidé BMA

The unit tnp producllon rate of BMA residents is higher for all tnp purposes
than the rate exhibited by persons residing outside of the BMA. These data
confirm that urban study area residents travel away frem the home more
often than their rural compatriots.

Trip production rates are, in the case of HBE trips, largely insensitive to
income or vehicle ownership levels. The same pattern, although to a less
pronounced degree, is observed for HBW trip productions by BMA
residents. This suggests that non-discretionary trips (work, school) are
accomplished regardless of the household’s social strata.
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+  HBO and NHB trip produclion rates, two categories which can be viewed as
being more discretionary in nature, exhibit marked increases {particularly so
for persons residing oulside of the BMA) as household income and/or
relative levels of vehicle ownership increases . From the original home
interview surveys there was a significant level of underreporting in these
fwo categories . These trip rates were adjusted by cross checking against the
larger sample frame of the SIMR home interview survey.

Table AP-1.5 Person Trip Rates

WITHIN EANGKOK METROPOLITAN AREA
TRIPS . TRIPS TRIPS T iRDS
Ticowe| TRP_| VER | _PER | TR | ven | eer | TrRe [ ves | per | TRIe 1 ved | PER
GROUP| PURP | FSHIP WORKR] PURP_ | O'sHip | STUDNT| PURP | O'SHIP PERSON PURP | OSthP PERSOH
= 2

1 HEW | 12 [ 170 | HB 235 | He0 i D2 NHB | 1 0.0
a4 150 132 | 206 2 033 2 049

34 044 34 029

z HEN |12 180 | tee 2 7220 | HBO i 021 _NHB i 00
I Y 15 YN T z 039 2 0.1

34 .49 a4 F

3 oW | 137 180 | pee 3 220 | "HBO 1 024 HHB i 004
34 160 134 | 208 2 637 2 014

: 3.4 0.43 34 0z

] HEW | 42 180 | HBE 2 320 _|_HB0 1 024 _KHB i 0.14
34 163 ) 134 | 209 7z 037 2 0.14

34 046 34 03

CUTSIDE BANGROK WMETRCPOLITAN AREA [BMR LESS BIMA)

] TRIPE TRIPS . — TRIPS TRIPS
VoMl TR b vEn | pEr | TRP | wed | eer | TR [ ved | PER | TRP | VEH | PER
GROUP | PURP. | O st [ WORKA] PURD_ | Oorio | STUDNT| PURD | O'shio IPERSCH Punp | OSHIP [PERSON
+ few | 12 130 | WBE | 1234) 187 | Heo 1 007 | KHB 1 003
34 | o8s EE A 2 015 2. GG
34 075 34 0.17
Z oW |12 137 | HeE | 172341 170 | HBO 1 005 | fne 1 o.0d
3.8 100 z 016 2 0.04
34 027 34 X1
a_ T mwwl| 12 143 | 1B | 1.234] 170 |_HEQ 1 o0 | rmE |1 033
34 11 1- 2 018 2 O
34 027 34 0 X
1 W | 17 545 | _HBE | 1234 170 | HBO 1 012 | oS 1 0.05
*___ 34 | 143 | 2__ [ 018 Fl 0.1
34 028 3d 07

Notes; (1) income group definitions{all Baht/monthvhouseheld)
i-less than10,000 .
2-10,000-15,000
3-15,000-25,000
4 -more than 25,000

{2} Vehicle Ownership definitions
1-households with no vehicles
2 - households ewning &t least one motorcycle
3-households owning at least one car
4-househeld own at least two cars

3.4 Trip Attraction Model Development

The trip altraction models employ linear regression analysis to calibrate the
coefficients as shown in the following equation:

A, =a, +bx, +byx, +b,x,

wherc:
A = Trip attractions in zone §;
Xt = Socioeconomic variables describing zone j (employment, school
enrollment, etc.); and,
ab, = Conslants and cecfficients determined through calibration.

Results are presented in graphical form for homebased work trips (Fig. AP-1.5) and
homebased educational trips (Fig. AP-1.6). In each plot, a comparison of observed
and modeled atiractions on a zonal basis is presented, as is the equation form and
correlation coefficient (r2). It is noted that all 1? values are extremely high thus
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confirming (as expected) the strong correlation between HBW trips and employment,
as well as betlween HBE trips and student places. :

However, the regression analyses for homebased other trips and nonhomebased trips
proved more problematic. These type of frip attractions are lypically related to
landuses such as commercial activity, retail development and religious institutions.
Regretflully, zonal information which quantifies these data (such as square meters of
retail/commercial activity, number of restaurant seats, number of theater seats, size
of religious institutions) are not available from governmental sources, nor do the
resource and temporal conslraints of the current study permit development of such a
database.

In light of this limitation, a series of regression runs were undertaken to evaluate the
statistical relationship of available zonal variables with HBO and NHB trips. It was
found that tertiary employment is the mosi appropriate surrogate indicator;
unfortunately, the correlation coefficient is less than heped for (Fig. AP-1.7 and AP-
1.8). - :

To partially compensate for this shortcoming, the generation process was structured
to mainfain sensitivity toward both observed and empirical levels of demand. In
other words, the application of base (1995} and future zonal socioeconomic variables
resulted in the calculation of a relative rate of growth vis-a-vis observed conditions;
that is,
TF o Thx Tor
RE
where, for each zone,

Te = Estimated future - year trips

Te = Basc - year trips L

Trr = Regression trip estimale derived from
future socioeconomic variables

Tre = Regression trip estimate derived from

base - year sociocconomic variables

The final calculated attractions are, as indicated pr'e\lfi.ous'ly, balanced to calculated
productions for the BMA and areas outside of the BMA. o
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DAILY TRIPS = TOTAL EMPLOYMENT * 1.54635

MODELED ZONAL TRIPS

CORRELATION COEFFICIENT = 0.927

1400003

120000

100000

£0000

60000

40000]

200001

0
0 20000 40000 60000 £0000 100000 120000 140000
OBSERVED ZONAL TRIPS
Fig. AP-1.5 Regression for Home Based Work (HBW)

DALY TRIPS = TOTAL STUDENT PLACES " 1.93573

MODELED ZONAL TRIFS CORRELATION COEFFICIENT = 0.974
140000 '

120000

106000

BOODO

£0000

40G00

20000

o 20000 40000 " 60000 30000 100000 120000
' OBSERVED ZONAL TRPS

Fig; AP-1.6 Regression for Home Based Education (HBE)
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OAILY TRIPS = 2619.99+ (TERTLARY JOBS * 1.26065)
CORRELATION COEFFICIENT = 0.55

i 20000 40000 60000 &0000 100000 120000 140000
) OBSERVED ZONAL TRIPS

Fig. AP-1.7 Regression for Home Based Others {I1BO)

DALY TRIFS = 960.24+(TERTIARY JOBS * 0.79111)
CORRELATION COEFFICIENT = 0.54

1] 20000 C 40000 . 60000 BOOM0 100000 IZOOCK]
OBSERVED ZONAL TRIPS '

Fig. Ap-1.8 Regre_ssicm for Non Home Based (NIIB)
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3.5 Pre Distribution Madal Split

A pre distribution modal split approach was adopted in this study for the base year
analysis . In future years this was complimented with the modal split diversion
curves derived during the SIMR study .(This is discussed further in Section 7. ) The
modal split proportion factors were derived for each trip purpose and each vehicle
ownership group from the 1995 home interview survey . These proportions are
shown in Tables AP-1.6-AP-1.9 for each trip purpose.

Table AP-1.6 Modal Proportions for Home Based Work

Classification Area  {Income Group jWalk Mc Car Pubite
HBW - 0 Veh BMA 1 177% | 80% | 09% | 735%
2 175% | 7.5% | 13% | 73.6%

R 155% | 52% 0.8% | 78.4%

X 4 7.0% 3.2% 33% | 86.5%
BMR 1 | 106% | 78% 22% | 79.4%
2 34% | 83% 05% | 82.8%
3 | 140% | 88% 05% | 76.7%
. 4 8.5% 5.8% 39% | 87.8%
HBW - M/C BMA 1 80% | 825% | 03% 9.3%
2 | 3% | e78% | 1.1% 18.0%
B 3 | ea% | 549% | 06% 35.3%

4 T 1e% | 427% | 16% 48.4%

L BMR [ 40% | 882% | 09% 659%
2 78% | 776% | 24% | 125%
. 3 65% | 858% | 36% | 341%
4 53% | 579% | 03% | _2364%
HB8W - CAR BMA ] _62% | 121% | 616% | 201%
N 2 T 41% 38% | 748% | 17.2%
3 52% | 56% | 664% | 228%
_ 4 3.1% 66% | 622% | 281%

BMR i 02% | 11.4% | B12% | 72%
o 2 | 37% | 15.1% | 69.4% | 11.7%
3 54% | 12.8% | 633% | 18.6%
B 4 37% | 12.3% | 6845% | 155%

HBW-CAR 2+| BMA N 14% | 21% | 83.5% | 129%
B ' 2 14% | 21% | 83.5% | 129%
3 1.4% 21% | 833% | 129%
4 14% 21% | 835% | 129%

L BMR | 1 50% | 42% 782% | 12.5%
2 50% | 42% | 182% | 1235%

3 5.0% | 42% | 7182% | 125%

T T s 50% | 42% | 782% | 125% |

APl - 17



BEIP-STUDY: FINAL REPORT: APPENDIX 1

Table AT-1.7 Modal Proportions for Home Based Education
Classficalion Area  (Income Group |Walk MC Car Public

HBE-0Veh | BMA 333% | _68% | 08% | 602%
o B 265% | 34% | 02% | 678%
I A 219% | 1.9% | 20% | 742%
[ B T 144% | 59% | 18% | 78.0%
BMR 207% | 53% | 20% | 630%
285% | 59% | 45% | 61.1%
— 157% | 11% | 83% | 749%
) 157% | 1.1% | 83% | 745%
HBE - M/IC BMA_ 246% | 216% | 07% | 531% |
_____ . 1 226% | 216% | 0.7% | 53.1%
. 29.2% | 196% | 08% | 505%
202% | 196% |  08% | 505%
BMR 146% | 365% | 15% | 47.4%

232% | 237% | 4.0% | 49.14%

222% | 228% | 09% | 541%

222% | 228% | 09% | 54.1%

. 300% [ 438%
218% | 109% | 74% | 59.9%
157% |_79% | 17.6% | 58.7%
92% | 44% | 202% | 662%
202% | 39% | 154% | 605%

135% | _161% | 19.4% | 51.0%
18.3% | 49% | 139% | 629%
125% | 163% | 156% | 556%
67% | 24% | 455% | 45.4% |
6.7% | 24% | 455% | 454%
6.7% | 24% | 455% | 454%

67% | 24% | 455% | 45.4%

25% | _30% | 724% | 222%

25% | 30% | 724% | 222%

131% | 69% | 27.0% | 530%

92% | 33% | 420% | 456%

HBE - CAR BMA
r-—**#*% -~

BMR

0100 [N [t 103 | D | L [0 [ o | 10 o b [ [ 5 [0 [0 00 [0 ot L [0 0 Lo
-
o
o
®
-
o
[+]
®

HBE - CAR2+| BMA

BMR

Table AP-1.8 Modal Proportions for Home Based Other
Classification Area lincome Group [Walk MC Car Public

HBO-0Veh | BMA 1 34.0% 50%]  10% 600%
1 ~ 2 30%|  50%]  i0%|  B00%
o 3 [TTa4an% 5.0% 1.0%]  600%|
R 4 15.4% 65%] 145%] 633%
. BMR 1 | 340%] 50% 10%|  600%)

2 34.0% 50% 10%]  600%

R - 30%|  son| 10w 600%]
155%| 45% 88%|  T1.i%

HEO . MC BMA 200%| _ 500%| - 16%| z00%
___________ T N 29.0%)__ S00%| - 10%|  20.0%)
. o N 29.0%| 500% 10%]  200%
~ 23.0%|  500% 10%]  200%
o _ 1 BMR™ 29.0%|  500% 10%] 200%
o i 290%|  500%]  10%| 200%
Y 290%) 600%|  10% 0%
_____________ . 290%; 50.0%)  10%| 200%
HBO - CAR BMA | J350%]  150%  300% 200%
e T | 350% 158%[  30.0%] 200%)
- ‘ ~ 350%| 150%| 300%  200%
T ___ _i._350%| i50%| 300%|  200%
_BMR 350%|  150%| 300%| 200%

350%| _150%)  300%| 200%
350%] 150%]  300%] 200%
35.0%; 150%]  300%]  20.0%
300%|  100%|  s00%!  10.0%
300%;  10on]  500%]  100%
300%] 100%]  s00%| 10.0%|
_300%| 100%]  500%| 100%
30.0%)  100%;  500%!  10.0%
300%)  100%| soo%| 1007

i
|
|
i
|
!
[
|

et A LR N TR R E TR P PR O R SRS N SR PN Y PR
H H [ ! :
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Table AP-1.9 Modal Proportions for Non Home Based

[ Ciassification | Aea  lincome Group |Walk MC Car Public

NHB-OVeh | BMA 1 184%]  93%| 244%) 47.9%
o - 2| 310%] 158%| 114wl 41.8%)
3 Tz32%|  306%!  56%)  316%

B N 4 12.7%]  asw| 229%| 509%
7777777 | Bmr 1 69%| 3% 7% 19.4%
I T 432%|  SoH|  11.7%|  342%
B 400%]  100%]  100%| 40.0%

N 400%]_ 100%  100%] 40.0%

NHB - MiC BMA _ 300%| 200%! 100%| 400%
~ 300%]  200%|  100%|  40.0%

_____ L | Ta00%|  200%!  100%| 40.0%
. TV soowf  200%]  100%]  40.0%

o BMR 00%  200%| 100%| 400%
o ] 300%  200%  100%| 40,0%
I Rl 00%| 200% 1006%| 400%
| a00%| z00%  100%| 40.0%

NHE - CAR BMA 200%| 100%| 500%] 20.0%
,” 200%| 100%  S00%| 20.0%

) 200%|  100%  500%| 20.0%

o B 200%]  100%)  soox| 200%
BMR | 200%|  100%  s00%]  20.0%

200%!  100%! 500%} 20.0%
200%!  100%!  500%! 200%
200%!  100%)  S00% 20.0%
200%]  100%; _600%] 10.0%
200%!  100%  600%] 100%
200%]  100%  600%| 100%
200%]  t00%] e00%] 100%
" 200%]  t00%]  e0o%] 100%
200%]  100%]  e00%] 100%
200%]  10.0%]  600%! 10.0%
200%]_ 100%  600%] 100%

NHB-CARZ+ | BMA

Lo 1S IS b (G0 (KD el G0 B [ B G A e B (D IR (kD [ (R e (B IR

BMR

3.6 Adjustmehl for Under Reporting

In all home interview surveys there is a general tendency to under report non regular
trips, trips that are made on the day of the survey but are trips that the interviewee
does not normally make on that day. These irips are most likely to be non work or
non educational trips. The trips that are typically under reported are therefore
Homebased Other and Non Homebased trips. The home interview survey , can thus
be biased towards work and educationatl trips {rom the home .

However in this project roadside interviews were also conducted at fourteen sites
within the study area. These surveys which resulted in a random sample of vehicles
being stopped are unlikely to be biased towards any trip purpose. The difference in
the different percentage distribution of the four irip purpose was used to estimate
purpose expansion factors. The purpose expansion factors were developed for
Homebased Other and Nonhome Based. These factors were used in the trip
generation analysis and appended to the home interview survey files. The values
derived in this way are 2.8 and 3.2 for Homebased Other and Nonhome Based
respeclively. (Trip Rates presented in Table 5 includes these factors)
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4. Trip Distribution

The trip distribution models take zonal preductions and atiractions produced in
_ earlier phases of the model, and link them to form a trip matrix of zone-to-zone
movements. A total of 16 models were buill; 12 for private vehicle modes (four
purposes by three vehicle availability groups) and four for public transport modes
(four purposes) .

The public transport distribution has basically been developed in detail as part of the
UTDM process and is documented in their Interim Report {Sept. ,1996) and is not
discudssed in detail further. The basic reason for this is the detail development of the
public transport network was undertaken by UTDM whilst the major development of
the road network was prepared by BEIP.

4.1 Overview

A gravity model is used to achieve the trip distribution and is expressed as:

ORI TN

Ty =
@)
Ay 1
E 'r(lx) ('r‘}
Where Tipy = trips produced in zone i and attracted to zone j

P = lrips proeduced in zone i

Aj = trips attracted to zone j

G5 travel time between zone i and zone j

r = empirically derived travel time factor that expresses the
“ii) _

average area-wide effect of spalial separation on tnp interchange
between zones that are t{i,j) apart

Kij) specific zone-to-zone adjustmeht factor to allow for the

incorporation of spatial/ geographic influences upon travel patterns

Distribution functions for each zone pair are prepared using as input public and
private vehicle generalized cost skims and the calibrated distribution function.
Subsequently, these distzibution function values and an observed modal spllt matrix
are applied to zonal trip productions and trip attractions to generate private and
public person trip matrices. These two steps are conducted separately for each of the
four trip purposes - home-based work, home-based school, home-based other and
non-home-based. ' '
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4.2 Details of the Model

For private vehicle trips, generalized cost is calculated using the following equation:

6C = t+ I(Rxdij)lVl + (C/V)

WhereGC = Generalized cost expressed in minutes
b = access/trip time for movement from zone i to zone j
R = cost per kilometer, taken as 0.72 Baht
dij = distance from zone i to zone j
v = value of time, which is different for each mode of public

transport, related to the average income of the user by
mode. It is taken as 57 Baht/hour for the private person
-. . trip by private vehicle.
- C = out-of-pocket trip cost (parking, tolls)

For public trahspoﬂ trips, genefalized cost is calculated as:

Where,
GC = Generalized cost expressed in minutes
5, = Access/wait/trip time for movement from zone [ to
Zone j
E; = fare for movement from zone I to zone j
\% = Value of time, taken as 28 Baht/hour (Average over all

public transport modes)

For both private and public transport trips, intrazonal generalized costs were
estimated by taking half the value of the cost to the nearest three zones. For private
transport trips, terminal times were also added at each and of the trip. The terminal
times estimated for the base year are five minutes for CBD zones, two minutes for all
~ other zones.

The criteria used in defining the distribution function is that, when applied, it should
return a teip length distribution (TLD) as close as possible to the observed TLD. The
TLD gives for each cost increment the percentage of trips occurring at that cost. The
observed TLD was created by taking the observed trip matrix, together with the
associated generalized cost, and tabulaling the number of trips, and thus the
percentage, for each cell with a given cost.

Typically, a TLD rises quickly from zero to a peak and then drips off gradually,
finally becoming ragged as observations become sparse. All trips wilh both trip-ends
within the study area {zones 1-505} were included in the observed trip matrix {and
trip length distribution}). The resultant TLD is then input to the gravity model
calibration program: together with an initial estimate of the distribution function.
TRANPLAN uses an iterative technique to adjust the input distribution function in an
effort to match the observed TLD; this is generally achieved after about five or ten
iterations. ' '
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The iterative procedure uses a weighting factor of the percentage of trips for each
interval thereby ensuring that the curves are fitted closest for the intervals which
contain the greatest number of irips. The use of such an approval yields trip
distribution functions which are reasonably free from irregularities caused by
sampling errors and other errors inherent in survey data.

Models were calibrated for private vehicle tnps by purpose (HBW HBE, HBO, NHB)
by vehicle avaitability group (none, motorcycle, car); for public transport trips,
models were calibrated for each purpose. Resultant frequency curves (F - factors} for
the Hone Based Work private person trip are depicted in Table AP-1.10 as an
example. '

Average trip lengihs vary, as expected, with longest trips typically increased by
public transport trips, and shorlest trips being those mode by households not owning
a vehicle.(see Table AP-1.11)

As a final check , person trip matrixes derived by the distribution model were
converted to vehicle trips, assigned to the road network, and compared lo observed
traffic counts for private person trips . At this stage a set of K factors or geographical
refinement factors were also developed to fine tune the trip tables and to correctly
replicate the travel patterns as a result of geographical barriers such as ihe river. (This
is discussed furher in model calibration.}
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Table AP-1.10 F Factors for Home Base Work

PRIVATE TRIPS (2) BY

VEHICLE OWNERSHIP GROUP

. PRIVATE TRIPS (2) BY

TIME (1) TIME (1){  VEHICLE OWNERSHIP GROUP
(minuTes] NONE M'CYCLE  CAR | (MINUTES] NONE M'CYCLE CAR
1 640116 1454017 130553 61 331 32056 3629
3 393620 1092557 112962 | 63 304 2794 3287
5 247221 826629 97935 | 65 280 2444 - 2998
7 168507 629667 86072 | &7 260 2143 2730
g 103689 482822 74041 | 69 242 1884 2488
1" 69168 372633 64563 71 226 1661 2271
13 47025 289426 56403 § 73 211 1468 2076
15 32667 226202 49367 | 75 168 1300 1899
17 22062 177869 43287 | 77 187 11563 1739
19 16474 140699 338024 79 176 1025 1594
21 12020 111947 33461 | 81 166 213 1463
23 89156 89579 29486 83 156 815 1344
25 8717 72080 26047 85 147 728 1236
27 5139 58315 23040 | 87 138 652 1137
29 3989 474290 20415 | 89 130 584 1048
31 3141 38774 18118 | 91 122 524 966
33 2507 31859 6106 | 93 114 471 892
35 2028 26305 14341 § 096 106 423 824
37 1661 21824 12789 | 97 | 99 381 762
39 1377 18189 11423 89 92 343 705
41 1154 16229 10219 { 101 84 309 853
43 978 12806 9155 103 77 278 805
45 838 10814 8215 105 70 251 561
47 725 9169 7361 107 64 226 521
49 633 7806 6642 109 57 204 484
51 567 6670 5985 111 - 51 184 450
53 485 5721 5401 113 45 165 418
55 443 4925 - 4880 115 40 149 389
57 388 4254 4416 117 35 134 383
58 363 3686 4001 119 30 121 338
60 346 3436 3810 120 28 114 326

(1) Includes cosls associated with Irip time, trip distance and out-of-pocket costs converled to equivalent minutes.
(2) Trips made by private means of mechanized lransport (car, motorcycle). Viehicle ownership group refates to

household characteristics . Maxmum trip lengths by househald ownership grouping: None - 146 minutes;
Motoreycle -177 Minutes ; Car - 218 minutes. :
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Table AP-1.11 Average Trip Length Distribution

jvalent M

.,

in

“Riciage Tip Longlh

ules) -

(Equ

 PRIVALL .

796

None

Motorcycle 3L5

Car 439

HBE None 40.5
Motorcycle 42,3

Car 388

HBO Nonc 27.8
Motorcycle 25.0

Car 31.7

NHB None 26.7
Motorcycle 30.5

Car 41,6

The final calibration process is discussed in Section 6 .
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5. Non-Person T ﬁps

Inany city there ate other types of trips being made at any one time besides internal
person trips . In particular there are tivo major categories namely external trips and
commercial vehicle trips . The development of the trip tables for these two categories
of trips is presented in this section.

5.1 External Trip Table

The major home interview surveys undertaken during this project does not record
trips being made by people from outside the study area to inside the study area or
those trips that pass through the study area . This is termed the external cordon and
the crossing points or external station locations are described in Section 2.

This external trip table was developed in three stages :

* Development of External-Internal Trip Table ;
* Development of External-Internal Trip Table ; and
*  Allocation of Buses (Bus Passengers were not interviewed at the Cordons)

A flowchart depict'mg the process is given in Fig. AP-1.9

1. External - laternal

Roadside oy |
Interview AddPCU
Data Factor
L
Add External Eliminate
Station Internal Trips
Number

2_External - Exdernal
[ - Estimate Propoition
;:?eﬁ:ﬁenata of External Enfries
" to External Station

Develop Look up
between External Zone Total Orieway

. External
and Exiemal Station Teip Table

External -Exernal
Trip Teble

3. Bus Trips

Allocale Buses
at External Station
o Internal Bus Terminals

Fig. AT-1.9 External Trip Table Development

The development of the Extemal to Internal Table is relahvely sunple . li is the
observed external station (506-520) to the internal zone (1-505),
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The external to external trip table involves linking the external zones (up to 812) as
defined for the roadside interview . The procedure was as follows : :

¢ Build the full trip table from the roadside surveys (zones 1 - 812).

*  Allocate each combination of External Station to External Zone to have a
temporary destination zone i.e. matrix expansion procedure.

*  These temporary destination zones are then associated with an external
station.

¢ The matrix is then squeezed back to a 520 X 520 matrix .

The buses was then allocated to the three intercity bus lerminals.
This external matrix was developed from the beginning as an all day pcu

matrix .

5.2 Commercial Vehicles

The commercial vehicle model for the study area was developed for truck movements
within the BMR . The external matrix discussed above includes the external truck
movements. ‘There is liltle data available on commercial vehicle movements in
Bangkok . The best source of data is from traffic count information. For that reason a
matrix estimation technique was used in the development of the commercial vehicle
matrix . Fig. AP-1.10 depicts this in a flowchart .

Truck Trip
Generstion
Cbserved Cal-bratlon' of '
Truck Trip Length ¥} Truck Gravity Truck Gravity
Distribution Model Mode! Run
‘ - -,
o — — :_‘s:ta%l_'l?__h_'lalnx
Partial Observed 4 Eatimation
N 1 I
Matrix p!  Matrix
Estimation
y
Obseived | )
Truck Counts . Fmél
Calibrated
Truck Matrix

Fig. AP-1.10 Commercial Vehicle Trip Table

The goods vehicle {(comumercial } matrix was developed in three steps namely :

*  Trip Generation
*  Trip Distribution
¢ Trip calibration , Matrix Estimation.

[t is important to note that the generation and distribution used in the development
are really used simply to improve the starting matrix for the matrix estimation
procedure .The truck trip generation equations have been adopted from the earlier
SPURT study namely:
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- Truck Trip Generation in a zone
= (0.009*Zonal Employment) + (0.01*Zonal Households)

The gravity model for trip distribution is calibrated against the observed truck trip
length distribution from the internal roadside interview locations . In this case the F
factors derived from the gravily model take the form of a Gamma function as
described below : '

F(Cij)=Cij» X1*exp(X2*Cij)
where
F(Cij) is the F factor curve
Cij is the generalized cost of travel
X1 and X2 are calibration constants with the value of -
X1=-1.5 |
X2=0.00163

This results gives good correspondence between the observed and the estimated
mean trip length of 176.8 for the observed and 180.1 for the estimated .These F Factors
are the used in a full run of the gravity with the trip generations discussed above to
produce a starting matrix for matrix estimation .

The matrix estimation uses as input traffic count data from over 150 sites to produce
the best estimate of a goods vehicle matrix.
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6. Traffic Assignment and Calibration

6.1 Overview

Prior to the assignment of the trip tables to the network it is necessary to develop the
peak hour pcu trip table from the total daily person trip tables and from the external
trip table and the commercial vehicle trip table. This will then able the assignment of
the vehicle peak hour trip table to the road network.

6.2 Developmént of Peak Hour Private Trip Table

The person trip tables as oulput from the gravily models are not in a suitable format
for traffic assignment . These tables need to be converted to a peak hour origin
destination matrix from the production / attraction format as outpui from the gravily
moadel . The following formula is used in the first step :

ODij = a*PAij + b*TR{PAij}
where ODij is the matrix in origin destination format
PAij is the matrix in production attraction format
TR{} is the mathematical matrix transpose function _
ab are constants used to 'develop the fnofning peék hour

(see Table AP-1.12)

Table 12 Peak Hour Facloyrs

Factor Trip Purpose
HBW HBE HBO | NHB
3 015 0.15 0.04 0.02
b 0.01 0.01 0.04 0.02

This is still in the form of a person trip table , these are then converted to vehicle
format with two sets of factors namely :

* Passenger Car Unit (pcu) factor
*  Vehicle Occupancy Factor

These are presented in Table AP--1.13. The peak factors for goods vehicles and
external vehicles are also presented in this table .

Table AP-1.13 Vehicle Occupancy and PCU factor

Vehicle Type  [Peak PCU Trip Purpose Occupancy Faclor
Hour Factor |Faclor HBW | HBE | HBO | NHB
Car - 1 1.73 2.32 208 1.97
Motoreycle - 0.25 1.38 1.6 1.22 | 1.47
Goods Vehicle 0.03 2.3 - - - -
External Vehicle 0.05 - - - - - -
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The peak hour trip table for traffic assignment is the addition of the three pcu tables
namely person , external and comunercial trip tables.

6.3 Traffic Assignment

The purpose of the trip assignment process is to replicate the amount of tralfic on the
road system. Thus, the content of trip matrixes (peak hour trips) is “loaded” onto the
roadway network where trip origin-destination patterns are permitted to interact
with embedded network parameters (distance, time, speed, capacity and other user-
specified criteria such as road toll).

Since route choice, travel time and congestion impacts are important considerations,
an equilibrium assignment algorithm is considered appropriate. Equilibrium, in the
context of transportation assignments, occurs when no trip can be made by an
alternative path without increasing the total travel time of all trips in the network.
Equilibrium assignment consists of an iterative series of all-or-nothing traffic
assignments with an adjustment of link capacity/speed reflecting congestion
encountered in each associated iteration.

The load from each assignment after the first iteration is combined with the previous
load in such a way as to minimize the impedance of each trip and thus reducing the
number of iterations to find the equilibrium loads. Equilibrium assignment is
multipath because the final loads are a linear combination of the all-or-nothing loads
of each iteration. These loads may be assigned to different paths because of the time
adjustments after each iteration.

For the BEIP project these assignment paths are bases on a generalized cost derived in
equivalent minutes for the path between each zone pair and takes the form of:

GCij = a*Tij + b*Dij +c* Ajj
where GCij is defined as generalized cost in equivalent minutes
- Tij  is the travel time
Dij is the distance
Aij  is the additional cost such as expressway tolls in units of 10 Baht
a,b,c  are constants defined as: a=1.0,b= 0.76 and c = 6.58

The other parameters input in_tb the rdad traffic assignment include the preload
volumes developed in the bus passenger assignments which as discussed in previous
sections are not discussed in this technical appendix .

6.4 Calibx.ation/ Validation

When the traffic assignment procedure is complete , the resulls are then compared
with the on ground counts . If there is a good comparison then there is no need to do
any review of the parameters . This is not usually the case . Indeed this is now
considered an important step in model development , the calibration or validation
procedure .{See Fig. AP-1.11)
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Ocvelop K Factars? Private Person

Trip Distribution

Bus Prefoads
External Vehicle
Commercials

@EMED | Rosd Networt >
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[ Traffic Assignment J

v
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Match Counts 7

NO

YES | CALIBRATED

Fig. AP-1.11 Model Validation Proceduze

Indeed during the BEIP to calibrate the model it was necessary to both make
modification to the network , change the initial speed coded on links or in some cases
make nebtwork corrections as well as develop K Factors or geographical calibration
factors . The relationship of these factors to the gravity model is presented in Section
4. S : :

The model was considered calibration in the final validation against screenlines (see
Table 14 ) and in detail along the river screentine for the morning peak hour in Table
AP-1.15.

Table AP-1.14 Screenline Calibration

RUNBEROF, |, DALY PRVATETRIPS |7
STATIONS " Observed | Estinaled - | - Ra

Raiway BT T Teessn |

River Bridges 12 774,722

CBD 2 1,725,085

East 17 549,206

Norh 10 249,659

West 9 s | 1843% 114

Total 92 | 4319980 | 4488725 104
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Table AP-1.15 River Screenline Morning Peak PCU Comparison

Link Location Nanie Dirgction COUNT ASSIGNMENT
Rl PATIIUMTHANI BRIDGE kB 1,513 1,147
rR2 | NONNIABURI BRIBGE [P 1,643 1069
R3 FHRA NANG KLAQ BRIDGE kB 2,629 1017
R4 RAMA VI BRIDGE NB 2,567 2,260
RS KRUNG TIION BRTIDGE EB 2,759 4,592
R6 FIRA FIN KLAO BRIDGE ) 6,492 5,328
____R?7 MEMGORIAL BRIDGE NB 2,937 2,829 B
RS PHRA POK KLAD BRIDGE(New Memerial) | NB 355 _ 4,503
R9 TAKSIN BRIDGE B | 451 6325
RI1D KRUNGTHEF BRIDGE tB 2,522 3,226
R11 : RAMA JX BRIDGE EB 2,058 3,120
Ri2 POO CIIAQ SAMING PRAI FERRY B 430 R
TOTAL 34018 35418
b _ % Difference = 4.1%
RI PATHUMTIIANI DRIDGF, WB 1,549 1,588
R2 L NONIIIABURI BRIDGE wB 1500 866
R3 PHRA NANG KLAO BRIDGE WB 2397 1,305
R4 RAMA VII BRIDGE sB 3,11 2493
R5 KRUNG THON BRLDGE wB 1,506 1,677
R6 FSRA PIN KILAO BRIDGE Wh 3015 2,201
R7 MEMORIAL BRIDGE SB_ 280 1,721
R8 FHRA POK KLAO BRIDGE Sh 2,601 3,180
R9 TAKSIN BRIDGE ___ WEB 2,185 2,715
RI10 KRUNGTHIP BRIDGE WB 1,831 911 -
Rit RAMA 1X DRIDGE WB 2,610 37
Ri2 | _POO CHAQSAMING PRA! FERRY WB 279
TOTAL 22,364 19,318
o % Difference = -133%
GRANDTOTAL - 56382 35,136
e % Difference = 29%
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