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ABSTRACT

Urban safety is a critical issue in urban management. It affects the life quality and safety of
people in urban area. Among many factors, emergency response capability of fire station is the

most critical one.

Meanwhile, railway network is one of the most important transportation in urban area. In
most cities where rail stations locate in city centers, road networks are intersected with railway and
travel times of fire engines are affected. The system performance is even worse when railway
system is under construction in a long-time period. During the construction period, the road
network would be blocked or disconnected by fences in order to provide adequate space for the
construction works. In practice, the impacts of railway construction on emergency response
capability is often ignored in the project feasibility analysis, and thus construction works are

implemented without any action to mitigate the negative impacts on emergency response time.

This research, in addition to the presentation of the theoretical framework for the railway
construction on the emergency response capability, base on a local district (Nan-Gang) in Taipei city,
a case study of impact evaluation on system performance will be conducted by means of GIS

network analysis functions.

There are three phases in this research. First, build the road network data resource of
Nan-Gang district, and use GIS to model the railroad construction period road network, fences
barrier, and fire engines moving speed. Second, use P-center theory to analysis 103 demand points,
decide where the appropriate point to locate fire station is. Third, use GIS to performance
emergency response capability, compare the capability difference when construction fences exist or

not.

The research results indicate a significant impact. The fire engines speed would be slow down

202.41 meters per minute (12km/hr) and future fire station allocation improvements are suggested.

Keywords: emergency management, fire station, network analysis, P-center model
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295 725|AL053063090001  [%#f| ik 44 #: 1.00 30 30
296 726|AL054063090001  [%#f] 1% 56 # 1.00 30 30
344 774|AL055263090003 425~ F3 60 4 1.00 30 30
337 767|AL056263090002  |fiieE ~ T8 38 # 1.00 30 30
377 807|AL058063090001  |flif¥f-97 # 1.00 30 30
373 803|AL059263090001 |fkes = F& 212 # 1.00 30 30
378 808|ALO60063090001  |fisf|E123 # 1.00 30 30
351 781|ALO60063090002  |fisf|E123 # 1.00 30 30
374 804|AL061263090001 55 F 178 4 1.00 30 30
335 765|AL062263090001  |fiy¥its ~ F 86 # 1.00 30 30
356 786|AL064063090003  [Fifs 162 4 1.00 30 30
338 768|AL065063090001  [Fiffies 263 4 1.00 30 30
251 657|ALO68063090001 |~ Fi% 21 4 1.00 30 30
273 703|ALO69063090001 |1k 423 4 1.00 30 30
176 295|AL070363090001  [{sihirs = F 61 4 1.00 30 30
239 358|AL071363090001 [kt = Fi 161 1.00 30 30
468 945|AL074063090001 | FL[fE140 # 1.00 30 30
447 924|AL074063090002 | FLIfhE140 # 1.00 30 30
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458 935|AL075263090003 19~ F8 120 4 1.00 30 30
481 958|AL076663090001  |FLi= fu¥s-+ F2 370 4 1.00 30 30
450 927|AL077063090001 | FLifh142 1.00 30 30
455 932|AL078063090001  |[4fiiH+152 4 1.00 30 30
469 946|AL078063090002 | [4lH152 4 1.00 30 30
451 928|AL079063090001  |[4fiH+157 4 1.00 30 30
489 966|AL081063090001  |fis 170 # 1.00 30 30
473 950|AL083063090001 | FLffhE171 # 1.00 30 30
591 1073|AL084363090001  [fhyiths = F4 130 # 1.00 30 30
589 1071|AL084363090002 5= 130 4 1.00 30 30
503 980|AL085363090001  |Fik#& = F& 80 % 1.00 30 30
593 1075|AL085363090002 5= F3 80 4 1.00 30 30
509 986|AL086663090005  |FLI= ks -+ F 278 1.00 30 30
611 1099|AL087063090001  [fu#63 # 1.00 30 30
529 1006|AL088663090003 [ i+ F 250 # 1.00 30 30
562 1043|AL089663090001  [[LLH ok 4 F 212 # 1.00 30 30
612 1100|AL090663090001  [[LL:H st + F 188 # 1.00 30 30
590 1072|AL091363090001 425 = F3 67 4 1.00 30 30
485 962|AL092663090001  |fLi i+ F4 322 # 1.00 30 30
594 1076|AL093363090001  [fhyifh% = F4 106 # 1.00 30 30
592 1074|AL093363090002  [fhyith4 = F4 106 # 1.00 30 30
728 1354|AL094363090001 5= 256 4 1.00 30 30
409 839|AL095163090001  |b=f:i&—~ & 94 % 1.00 30 30
566 1047|AL096663090001  |[LIH ik 4 F 225 # 1.00 30 30
528 1005|AL097063090006  [fu#=77 4 1.00 30 30
586 1068|AL098063090002  [f# 108 # 1.00 30 30
498 975|AL099063090001  |fii 168 1.00 30 30
542 1019|AL100063090004  |fis#r#118 # 1.00 30 30
601 1083|AL102063090001  |wigss 64 # 1.00 30 30
578 1060|AL103063090002 [ #7°80 # 1.00 30 30
584 1066|AL104063090001 | %% 15 # 1.00 30 30
596 1078|AL105363090001  [fhyith4 = F4 190 # 1.00 30 30
621 1141|AL105363090002  [fhyith% = F4 190 # 1.00 30 30
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559 1038|AL108063090002 |4 4309 # 1 1.00 30 30
626 1157|AL109063090005 |4 #7339 # 1 1.00 30 30
478 955|AL111063090003  |i@ =373 4 1 1.00 30 30
609 1092|AL112063090004 |4 4310 # 1 1.00 30 30
548 1025|AL113063090002  [s#gis 171 # 1 1.00 30 30
549 1026|AL114063090002  [s4g% 206 # 1 1.00 30 30
491 968|AL115063090001 | #Hs 197 # 1 1.00 30 30
550 1027|AL116063090002  [sbiges 194 4 1 1.00 30 30
571 1053|AL117063090003  [sbigis 178 # 1 1.00 30 30
574 1056|AL118063090001  [sbigss 180 4 1 1.00 30 30
552 1029|AL119063090001  [sbigss 149 4 1 1.00 30 30
576 1058|AL120063090001 |4 4300 # 1 1.00 30 30
604 1086|AL121063090001  [siges 107 # 1 1.00 30 30
605 1087|AL122063090003  |wbigss 78 # 1 1.00 30 30
712 1324|AL124063090001  |flibt{=#% 50 # 1 1.00 30 30
430 862|AL125063090002 |7 251 # 1 1.00 30 30
730 1356|AL127363090001  |jiy¥k#s = F4 314 # 1 1.00 30 30
700 1308|AL128063090001  [fu#i=12 # 1 1.00 30 30
731 1357|AL129463090001 | fe&pIES 768 1 1.00 30 30
732 1358|AL130063090001 | % 438 # 1 1.00 30 30
637 1243|AL132063090002 |~ #4201 # 1 1.00 30 30
641 1247|AL134063090001 |~ #7235 # 1 1.00 30 30
633 1239|AL135063090003  [fu##+85 4 1 1.00 30 30
636 1242|AL137663090006  |[LIH it F 70 4 1 1.00 30 30
665 1271|AL138063090001 |~ 5166 # 1 1.00 30 30
714 1326|AL139663090001  |RIH fuss+ F& 9 4 1 1.00 30 30
635 1241|AL140663090001  |[LUH frs+ & 110 # 1 1.00 30 30
657 1263|AL141063090001 |~ ##=191 # 1 1.00 30 30
677 1283|AL142063090003 |~ #5140 # 1 1.00 30 30
664 1270|AL143063090001 |~ #4176 # 1 1.00 30 30
647 1253|AL144063090001 |~ #4190 # 1 1.00 30 30
666 1272|AL145063090001  |fliskiyis 49 # 1 1.00 30 30
667 1273|AL146063090001 |fliskiyss 31 # 1 1.00 30 30
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49 168|AL148063090001 |40 4 1 1.00 30 30
43 162|AL150263090001  [# = F 290 4 1 1.00 30 30
46 165|AL151163090001  |fjH= £ 1 4 1 1.00 30 30
255 684|EW067063090001 |l i 12 1.00 70 84
253 675|EW067063090002 | i 12 1.00 70 84
734 2294|EW120063100012  [H 431 12 1.00 70 84
733 2293|EW120063100013  [HH gt 12 1.00 70 84
13 55|HW003063090014 | 3 12 1.00 100 120
5 42|HW005063090007 | 5 12 1.00 100 120
10 47|0T184063090001  |# 3% 1 1.00 30 30
9 46|RD003263090001  |#jt i F& 11 1.00 50 55

1 2|RD003263090002 |4kt F& 11 1.00 50 55
717 1330{RD010063020001  |-J<f % 11 1.00 50 55
103 222|RD011063090001 |1 11 1.00 50 55
57 176|RD012063090002 |4 11 1.00 50 55
56 175|RD013063090002 [ 11 1.00 50 55
85 204{RD015063090001 | 4/Fiti" 11 1.00 50 55
156 275|RD016163090027  [Fjifhi~ F 11 1.00 50 55
331 761|RD016263090017 |y - F& 11 1.00 50 55
502 979|RD016363090019 |y = F& 11 1.00 50 55
144 263|RD018163090015 [kl ~ B 11 045 50 2475
153 272|RD018263090012  (Filikrs = B4 11 1.00 50 55
423 854|RD018363090004  (Filikrs = F4 11 1.00 50 55
424 855|RD018463090001  (Filikrs S 11 1.00 50 55
113 232|RD021063090001 |33} 11 1.00 50 55
83 202|RD024263090001 | it F& 11 1.00 50 55
180 299|RD025063090001  |#&|! [ 11 1.00 50 55
141 260|RD027063090001  |i]¥% 11 1.00 50 55
142 261|RD028063090001  |fl 11 11 1.00 50 55
123 242|RD031063090001 |y Heff= 11 1.00 50 55
260 690|RD037063090003 [ ff 11 1.00 50 55
230 349|RD038063090001 | f iy 11 1.00 50 55
271 701|RD039063090004  |fitod i 11 1.00 50 55
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261 691|RD040063090001 | i 11 1.00 50 55

33 141|RD041063090002 | = Fi¥% 11 1.00 50 55
305 735|RD042063090007 [/ 14% 11 1.00 50 55
461 938|RD043063090001  |Fi [ 11 1.00 50 55
287 717|RD050063090001 [l 11 1.00 50 55
313 743|RD051063090007 %% &% 11 1.00 50 55
432 909|RD057063090002 [y 11 1.00 50 55
314 744|RD063063090007 | fhffif 11 1.00 50 55
249 655|RD066063090001  [fiff-*ff 11 1.00 50 55
475 952|RD072063090003  |#:# ff 11 1.00 50 55
504 981|RD073063090007 | FLI 11 1.00 50 55
505 982|RD080163090001 | )%~ F& 11 1.00 50 55
492 969|RD082063090002 | fleFrf 11 1.00 50 55
652 1258|RD101063090016  [m4g:% 11 1.00 50 55
696 1304|RD107463090003 | 85 ]Es 11 0.45 50 2475
558 1036|RD110063090002  [#& = 11 1.00 50 55
640 1246|RD126063090001 | 4= 11 1.00 50 55
704 1313|RD131063090001  [fli¥{=# 11 1.00 50 55
629 1235|RD136063090003 i 11 1.00 50 55

42 161|RD149063090001 | it 11 1.00 50 55
669 1275|RD174063020007  |fl 11 1.00 50 55
735 2428|RD186063100001 |4 4ff 11 1.00 50 55
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model:

Title P center Problem ;

sets:

PopNode/1..13/:h;
Facnode/1..13/:x;
choice(popnode,facnode):d,y;
endsets

data:

Fachum=?;

h=f1;

Lingo B @F"f‘ﬁ'[’fﬂ?“?ﬁ,ﬂﬁ%

d=pct » BAIIERS - SR SR SR

enddata
I0bjective;
min =md;
@for(popnode(i):

@sum(choice(i,)):

d(i,j)*y(i,j))<=md;
);
IConstraint;
@sum(facnode(j):
x(j))=facnum;
@for(popnode(i):
@sum(facnode(j):y(i,j))=1);

@for(choice(i,j):

y(i,j)-x(j)<=0);
@for(facnode(j):

@bin(x(j)));
@for(choice(i,j):

@bin(y(i,j)));

End
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FO 1 |F2 [F3 |[F4 [F5 |[F6 [F7 F8 |F9 |F10 |F11 |FI12

P (P | FEL (DR ([ e TR (B EE (BT (EE [ EE
FO B 0| 1190 3450[ 2790 2008| 1489 2761 4768| 3653| 3704| 3422 5121| 5924
F1 |py 1190 0] 2273| 1604| 864| 1296| 2510 3884| 3498 3723| 3631 5453| 6463
F2 |=#% 3450 2273 0] 873| 1641| 3084| 3701 3299| 4566 4995| 5156 6948| 8162
F3 |#rh 2790| 1604| 873 0] 827| 2231} 2843 2873| 3734 4144| 4287 6087 7291
F4  Fl1Ry 2008| 864 1641| 827 0| 1454 2304 3107| 3267 3605| 3658 5487| 6626
F5 ™ 1480 1296 3084| 2231| 1454 0] 1310 3403| 2266 2440| 2338| 4166| 5223
F6 |77 2761| 2510{ 3701| 2843 2304/ 1310 0 2684| 990| 1308| 1483 3247| 4494
F7 <901 4768 3884| 3299| 2873 3107| 3403 2684 0] 2821| 3370| 3875 5169| 6567
F8 B 3653| 3498| 4566| 3734 3267| 2266 990 2821 0] 550/ 1088| 2481 3831
Fo B 3704| 3723 4995| 4144 3605 2440| 1308 3370| 550 0] 612 1976] 3299
F10 |E¢ 3422) 3631 5156| 4287 3658| 2338 1488 3875| 1083 612 0] 1834/ 3011
F11 &% 5121 5453 6948| 6087 5487 4166 3247 5169| 2481 1976| 1834 0] 1404
F12 % 5924| 6463 8162| 7291 6626| 5223 4494 6567| 3831 3299| 3011 1404 0
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