Appendices

Proof of Lemma 1:

Lemmal z,=»z.q,and > z, =y, VjeH.
4=Q 4=Q

Proof: When hub J is opened, y; =1. When z; is restricted to one and only one

element of setQ , we have Z(; z;,=1=Yy,.Suppose thatz; = & . From the definition of z;,,
qe

we have z, =§=zj55:§zjqq.
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When hub j is closed, y;=0. It is trivial that z; =0 and z;;, =0,vVqeQ .

Obviously, z; =0=)"z,q,and > z,, =0=y,. O]
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Table A1l: The 19 districts, their population density and per capita GDP

Node District Pupulation Density Per Capital GDP
1 Pudong 4468 19098
2 Huangpu 33083 33791
3 Xuhui 20547 15742
4 Changning 18418 17938
5 Jing’an 32795 41726
6 Putuo 23629 8997
7 Zhabei 28958 12378
8 Hongkou 35757 13327
9 Yangpu 21806 16037
10 Baoshan 6830 11087
11 Minhang 7414 7386
12 Jiading 3353 11101
13 Jinshan 1331 14891
14 Songjiang 2867 8904
15 Qingpu 1787 11090
16 Fengxian 1679 9284
17 Chongming 588 5593




Table A2:

The shortest distance matrix between the districts

ng

Districts Pudo | Huang | Luw | Xuh | Changni | Jing’ | Putu | Zhab | Hongk | Yang | Baosh | Minha | Jiadi | Jinsh | Songjia | Qing | Nanh | Fengxi | Chongmi
ng pu an ui ng an o ei ou pu an ng ng an ng pu ui an ng
Pudong | 0 63 76 | 124 | 124 | 103 | 164 | 98 6.5 69 | 243 | 227 | 360 | 669 | 416 | 43.1 | 358 | 406 673
Huangpu | 6.3 0 23 | 7.0 6.1 39 | 101 | 34 | 47 57 | 212 | 173 | 297 | 651 | 363 | 37.1 | 422 | 397 63.0
Luwan | 76 23 0 | 50 52 33 | 93 | 37 71 81 | 234 | 153 | 295 | 63.1 | 342 | 357 | 427 | 374 634
Xuhui | 124 | 7.0 50 | 0 40 47 | 88 | 78 | 120 | 133 | 280 | 102 | 299 | 573 | 300 | 32.1 | 436 | 348 678
Chi‘;gm 124 | 6.1 52 | 40 0 23 | 50 | 48 | 100 | 113 | 251 | 143 | 261 | 61.4 | 322 | 316 | 465 | 389 64.7
Jing'an | 103 | 39 | 33 | 47 23 0 | 61 | 26 74 85 | 227 | 150 | 273 | 628 | 339 | 338 | 448 | 388 62.7
Putwo | 164 | 101 | 93 | 88 5.0 61 | 0 | 71 | 123 | 142 | 243 | 177 | 213 | 635 | 341 | 332 | 508 | 417 62.8
Zhabei | 9.8 34 | 37 | 78 48 26 | 71 ] 0 52 70 | 206 | 180 | 260 | 658 | 370 | 366 | 454 | 409 60.6
Hongkou | 6.5 47 71 | 120 | 100 74 | 123 | 52 0 24 | 179 | 223 | 298 | 701 | 413 | 415 | 424 | 445 60.8
Yangpu | 6.9 57 81 | 133 | 113 85 | 142 ] 7.0 24 0 189 | 236 | 319 | 708 | 425 | 428 | 403 | 445 619
Baoshan | 243 | 212 | 234 | 280 | 251 | 227 | 243 | 206 | 179 | 189 0 383 | 229 | 862 | 572 | 533 | 548 | 608 438
Minhang | 227 | 173 | 153 | 102 | 143 | 150 | 177 | 180 | 223 | 236 | 383 0 346 | 477 | 197 | 29.1 | 446 | 247 781
Jiading | 360 | 297 | 295 | 299 | 261 | 273 | 213 | 260 | 298 | 319 | 229 | 346 0 | 780 | 43.1 | 329 | 716 | 581 543
Jinshan | 669 | 651 | 63.1 | 573 | 614 | 628 | 635 | 658 | 70.1 | 708 | 862 | 477 | 780 | 0 388 | 570 | 605 | 277 1257
Songjlan 416 | 363 | 342 1300 | 322 | 339 | 341|370 | 413 | 425 | 572 | 197 | 43.1 | 388 0 196 | 594 | 347 96.0
Qingpu | 43.1 | 37.1 | 357 | 32.1 | 316 | 338 | 332 | 366 | 415 | 428 | 533 | 291 | 329 | 570 | 196 0 | 731 | 526 86.3
Nanhui | 35.8 | 422 | 427 | 43.6 | 465 | 448 | 508 | 454 | 424 | 403 | 548 | 446 | 716 | 605 | 594 | 73.1 0 345 992
Fengxian | 40.6 | 39.7 | 374 | 348 | 389 | 388 | 41.7 | 409 | 445 | 445 | 608 | 247 | 581 | 277 | 347 | 526 | 345 0 100.7
Chongmi |+ | 630 | 634 | 678 | 647 | 627 | 628 | 60.6 | 608 | 619 | 438 | 781 | 543 | 1257 | 960 | 863 | 992 | 1007 0




