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Background Three

• To minimize losses of earthquake disaster and its accompanying 
disasters, to guarantee the land use requirement for post-disaster 
emergency response and reconstruction, and to achieve national 
economic smooth transition as soon as possible; 

• To provide policy and decision-making reference aiming to the 
emergency response and reconstruction of earthquake disasters 
from the area of land management; 

• To better improve our land use planning theory and practice;

• To better perform our responsibility for globalization obligation;
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Research Progress

• There are lots of researches, however, many of 
them are about scientific algorithm and 
mathematical formulae. It is too abstract and 
indirectly for solving practical problems. 
Therefore, the visual analysis and fast location is 
the characteristic of this research. 
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Theoretical Basis

• System Management

• Operations Research

• Land Use Planning Theory

• The Theory of Calamity

• Seismology

Network Optimization Expert Team

Profile of study area

• Yushu Tibetan autonomous prefecture (hereinafter refer to as the Yushu 
prefecture)is located in the southwest of Qinghai province, PRC., north adjacent 
to Hercynian Mongolian Tibetan autonomous prefecture, east adjacent to Goluo 
Tibetan autonomous prefecture, southeast  adjacent to Ganzi Tibetan autonomous 
prefecture of Sichuan province, south and southwest  adjacent to the border zone 
of Changdu region and Naqu prefecture of Tibet Autonomous Region, northwest 
adjacent to Bayinguoleng Mongolian autonomous prefecture of Xinjiang Uygur 
Autonomous Region. There are six counties of Yushu, Zaduo, Chengduo, Zhiduo, 
Nangqian, Qumalai. The capital of Yushu prefecture is base on JieGu town , the 
permanent population of the whole state is 357,300 and the region's GDP totaled 
2.55 billion Yuan in 2010. 
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Profile of study area

The depth of hypocenter is 14 km, and the 
highest intensity of earthquake is 9 degree, 
the fault zone is Yushu - Ganzi sinistral 
strike-slip faults, the intensity of 
meizoseismal area is ⅨⅨⅨⅨ degree. The affected 
scope is about 3 square kilometers, which 
causing heavy casualties and property losses.

There is 7.1 magnitude earthquake in Yushu 
county of Yushu Tibetan autonomous 
prefecture in Qinghai province at 7:49, on 
April 14, 2010.The epicenter location is 96.6 
N, 33.2 E, which is located in the mountain of 
4300 meters above sea level in Yushu Tibetan 
autonomous prefecture of Qinghai province, 
from which Yushu county town (Yushu 
prefecture and Yushu county government)is 
about 42 km. 
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Profile of study area
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Conception
• Earthquake emergency shelters

(emergency shelter for earthquake disasters)

• is such a temporary and safe place arranged by the planning and 
construction, which has service facilities for emergency shelter 
and emergency evacuation[7].Generally speaking, the earthquake 
emergency shelters using for quake victims[8] (seismic shelter for 
evacuation) can be divided into three types , such as temporary 
emergency shelters, fixed emergency shelters, center emergency 
shelters according to the capacity of quake victims and 
comprehensive facilities.

temporary emergency shelters——basic facilities——10d
fixed emergency shelters——basic facilities——10-30d
center emergency shelters ——comprehensive  facilities ——30dmore
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Requirements

Requirements
temporary 

emergency shelters

fixed emergency 

shelters

center emergency 

shelters 

Safe distance from 

secondary disasters 

hazard(m)

30m Fire safety belt，1000m safe distance

The average effective 

evacuation area(m2)
1 2 /

Sites areas（（（（hm2）））） 0.1 1 50

Service radius(km)/(min) 0.5/10 2-3/60 /

Aisle width（（（（m）））） 4 7 15
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The principles of location-allocation

Safety

unified planning, combine with daily facilities

Premise

adjust measures to local conditions
comprehensive utilization

the nearest evacuation, security and accessible
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Geographical Spatial Geometric Network
• Geometric Network Model[117] can be interpreted as: A network is set 

by the node (the node) and the connecting arc [arc, or (branch)], 
expressed by symbols (N, A), hereinto, N is the  set of nodes, A is the 
set of arcs.

• geographical spatial geometric network analysis[118] is that human 
activities always tend to be in a certain target selection to achieve the 
best effect of space position. The simulation of  the network status 
and situation analysis shows the requirements of path analysis and 
network analysis, to assist in the visualization analysis of path 
problem (path finding), resource allocation problem (resource 
allocation), tracking problem (trace), spatial interaction (spatial 
interaction), the distance matrix computation (short for the matrix 
calculation) and location - configuration (the location allocation)
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location-allocation optimizing strategy

P-median P-center
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location-allocation optimizing strategy
LSCP

（（（（ Set covering location model ））））
MCLP
（（（（Maximum  set covering location model ）
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location-allocation optimizing strategy
BACOP1

（（（（ Backup coverage model ））））

BACOP2

（（（（ Backup coverage model ））））
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Several distance measuring 
geographic space 

Euclidean distance

Network distance

Manhattan distance

2 2
12 1 2 1 2[ ( ) ( ) ]d x x y y= − + −

12 * cos[ si n * si n cos * cos * cos( ) ]d r a b d b d c a= + −

12 1 2 1 2d x x y y= − + −
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Dijkstra shortest path algorithm
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[40,3](2)

[90,3](2)

[90,4](3)[30,1](1)

[ , ] [ , ]j i i ju i u d i= + 0i jd ≥
node mark state

1 [0,-] permanent

2 [0+100,1]=[100,1] temporary

3 [0+30,1]=[30,1] temporary

node mark state

1 [0,-] permanent

2 [100,1] temporary

3 [30,1] permanent

4 [30+10,3]=[40,3] temporary

5 [30+60,3]=[90,3] temporary

node mark state

1 [0,-] permanent

2 [40+15,4]=[55,4] temporary

3 [30,1] permanent

4 [40,3] permanent

5 [90,3]或者[40+50,4]=[90,4] temporary
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Research methods
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Evaluation Indexes System

A the 
optimization 

strategy 
of location-
allocation

B1

effectiveness
0.2

C11 effective refuge capacity (population) 0.15

C12 the average slope of alternative sites 0.05

B2

accessibility
0.4

C21 the shortest route of community residential areas 0.20

C22 the shortest route of  medical facilities 0.10

C23the shortest route of  fire-fighting facilities 0.05

C24 the shortest route of  water sources 0.05

B3

safety
0.4

C31 Euclidean distance of the earthquake fault zones 0.20

C32 Euclidean distance of geological hazard points 0.10

C33 Euclidean distance of the flammable and 
explosive hazards points

0.10
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Quantitative evaluation indexes

Uniform index dimension using the linear utility function
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Determine the weight of indexes 

• Analytic Hierarchy Process (AHP)

• Clear problem and build hierarchy 
analysis diagram

• Construct comparative judgment 
matrix

• Calculate the maximum eigenvalue 
and eigenvector

• Consistency check

• Range and order
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The comprehensive location-
allocation model

• arithmetic average method

• , hereinto，i i
1

wk
n

i

C
=

= ∑
n

i
i=1

w =1∑
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Range the location level

• When C≥0.5, alternative emergency shelter is the best 
location; 

• When 0.4＜C≤0.5, alternative emergency shelter is a 
suboptimal scheme; 

• When0.3＜C≤0.4, it means generally matching the 
requirements of safe, effective and accessible; 

• When C＜0.3, it is not suitable for an emergency shelter.
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Demonstration

• Build traffic geometric network and geographical 
spatial data system
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The effective refuge capacity
FID Id sites SHAPE_Area

effective 

refuge areas

effective 

refuge 

populati

on

upper lower positive

Location 1 201 广场 21840.22 15288.15 7644 58185.19 893.82 0.1178

Location 2 202 广场 3876.20 2713.34 1357 58185.19 893.82 0.0081

Location 3 203 广场 30054.14 21037.90 10519 58185.19 893.82 0.1680

Location 4 206 广场 4840.14 3388.09 1694 58185.19 893.82 0.0140

Location 5 101 绿地 19505.91 13654.14 6827 58185.19 893.82 0.1036

Location 6 104 绿地 8837.96 6186.57 3093 58185.19 893.82 0.0384

Location 7 402 停车场 4814.21 3369.95 1685 58185.19 893.82 0.0138

Location 8 103 绿地 39594.08 27715.86 13858 58185.19 893.82 0.2263

Location 9 401 停车场 8564.55 5995.18 2998 58185.19 893.82 0.0367

Location 10 102 绿地 5521.12 3864.78 1932 58185.19 893.82 0.0181

Location 11 106 绿地 33370.39 23359.27 11680 58185.19 893.82 0.1883

Location 12 302 公园 237490.57 116370.38 58185 58185.19 893.82 1.0000

Location 13 403 停车场 6206.08 4344.26 2172 58185.19 893.82 0.0223

Location 14 301 公园 78709.89 38567.85 19284 58185.19 893.82 0.3210

Location 15 404 停车场 5667.35 3967.15 1984 58185.19 893.82 0.0190

Location 16 204 广场 117349.68 82144.78 41072 58185.19 893.82 0.7013

Location 17 412 停车场 7315.81 5121.06 2561 58185.19 893.82 0.0291

Location 18 405 停车场 4224.92 2957.45 1479 58185.19 893.82 0.0102

Location 19 407 停车场 2786.56 1950.59 975 58185.19 893.82 0.0014

Location 20 105 绿地 56197.92 39338.54 19669 58185.19 893.82 0.3277

Location 21 110 绿地 31530.73 22071.51 11036 58185.19 893.82 0.1770

Location 22 107 绿地 125925.50 88147.85 44074 58185.19 893.82 0.7537

Location 23 408 停车场 11358.81 7951.17 3976 58185.19 893.82 0.0538

Location 24 205 广场 7842.96 5490.07 2745 58185.19 893.82 0.0323

Location 25 409 停车场 9157.42 6410.20 3205 58185.19 893.82 0.0403

Location 26 113 绿地 25471.83 17830.28 8915 58185.19 893.82 0.1400

Location 27 111 绿地 2553.76 1787.63 894 58185.19 893.82 0.0000

Location 28 112 绿地 7886.77 5520.74 2760 58185.19 893.82 0.0326

Location 29 410 停车场 3722.34 2605.64 1303 58185.19 893.82 0.0071

Location 30 411 停车场 5945.12 4161.58 2081 58185.19 893.82 0.0207

Location 31 108 绿地 21836.28 15285.40 7643 58185.19 893.82 0.1178

Location 32 109 绿地 85637.25 59946.07 29973 58185.19 893.82 0.5076
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The average slope
FID Id sites slope lower upper negative

Location 1 201 广场 9.19 10.13 0.00 0.0928

Location 2 202 广场 10.13 10.13 0.00 0.0000

Location 3 203 广场 5.56 10.13 0.00 0.4511

Location 4 206 广场 9.40 10.13 0.00 0.0721

Location 5 101 绿地 0.85 10.13 0.00 0.9161

Location 6 104 绿地 0.59 10.13 0.00 0.9418

Location 7 402 停车场 2.56 10.13 0.00 0.7473

Location 8 103 绿地 5.46 10.13 0.00 0.4610

Location 9 401 停车场 0.51 10.13 0.00 0.9497

Location 10 102 绿地 8.54 10.13 0.00 0.1570

Location 11 106 绿地 2.73 10.13 0.00 0.7305

Location 12 302 公园 0.97 10.13 0.00 0.9042

Location 13 403 停车场 1.35 10.13 0.00 0.8667

Location 14 301 公园 0.30 10.13 0.00 0.9704

Location 15 404 停车场 2.72 10.13 0.00 0.7315

Location 16 204 广场 0.89 10.13 0.00 0.9121

Location 17 412 停车场 0.21 10.13 0.00 0.9793

Location 18 405 停车场 7.35 10.13 0.00 0.2744

Location 19 407 停车场 4.02 10.13 0.00 0.6032

Location 20 105 绿地 0.76 10.13 0.00 0.9250

Location 21 110 绿地 4.68 10.13 0.00 0.5380

Location 22 107 绿地 1.00 10.13 0.00 0.9013

Location 23 408 停车场 1.00 10.13 0.00 0.9013

Location 24 205 广场 1.55 10.13 0.00 0.8470

Location 25 409 停车场 1.93 10.13 0.00 0.8095

Location 26 113 绿地 1.88 10.13 0.00 0.8144

Location 27 111 绿地 1.79 10.13 0.00 0.8233

Location 28 112 绿地 4.57 10.13 0.00 0.5489

Location 29 410 停车场 2.30 10.13 0.00 0.7730

Location 30 411 停车场 5.99 10.13 0.00 0.4087

Location 31 108 绿地 5.74 10.13 0.00 0.4334

Location 32 109 绿地 3.50 10.13 0.00 0.6545

Location 33 406 停车场 0.00 10.13 0.00 1.0000
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The Shortest Route
Name

Incident

Cu

Facility

Cu

Incident

ID

Total_

SHAP
upper lower negative

Location 1 - Location 1 1 1 1 829.33 5612.02 229.86 0.8886

Location 2 - Location 1 1 1 2 1116.04 5612.02 229.86 0.8353

Location 3 - Location 1 1 1 3 1059.13 5612.02 229.86 0.8459

Location 4 - Location 1 2 1 4 411.64 5612.02 229.86 0.9662

Location 5 - Location 1 1 2 5 5612.02 5612.02 229.86 0.0000

Location 6 - Location 1 2 2 6 4722.49 5612.02 229.86 0.1653

Location 7 - Location 1 1 2 7 3018.97 5612.02 229.86 0.4818

Location 8 - Location 1 2 2 8 3669.94 5612.02 229.86 0.3608

Location 9 - Location 1 2 2 9 3752.71 5612.02 229.86 0.3455

Location 10 - Location 1 1 2 10 2661.53 5612.02 229.86 0.5482

Location 11 - Location 1 1 2 11 1964.01 5612.02 229.86 0.6778

Location 12 - Location 1 1 2 12 925.52 5612.02 229.86 0.8707

Location 13 - Location 1 1 1 13 308.19 5612.02 229.86 0.9854

Location 14 - Location 1 1 2 14 461.75 5612.02 229.86 0.9569

Location 15 - Location 1 1 1 15 960.09 5612.02 229.86 0.8643

Location 16 - Location 3 2 1 16 607.80 5612.02 229.86 0.9298

Location 17 - Location 3 2 1 17 915.01 5612.02 229.86 0.8727

Location 18 - Location 1 1 1 18 1915.12 5612.02 229.86 0.6869

Location 19 - Location 3 2 2 19 426.89 5612.02 229.86 0.9634

Location 20 - Location 1 2 2 20 5002.28 5612.02 229.86 0.1133

Location 21 - Location 1 2 2 21 4356.59 5612.02 229.86 0.2333

Location 22 - Location 1 2 2 22 4006.63 5612.02 229.86 0.2983

Location 23 - Location 1 1 1 23 4157.27 5612.02 229.86 0.2703

Location 24 - Location 2 2 2 24 1518.69 5612.02 229.86 0.7605

Location 25 - Location 2 2 2 25 2977.21 5612.02 229.86 0.4895

Location 26 - Location 2 2 2 26 3428.93 5612.02 229.86 0.4056

Location 27 - Location 2 1 2 27 251.62 5612.02 229.86 0.9960

Location 28 - Location 1 1 2 28 3866.66 5612.02 229.86 0.3243

Location 29 - Location 1 2 1 29 646.06 5612.02 229.86 0.9227

Location 30 - Location 3 1 2 30 1188.71 5612.02 229.86 0.8218

Location 31 - Location 3 2 2 31 1798.72 5612.02 229.86 0.7085

Location 32 - Location 2 2 2 32 306.77 5612.02 229.86 0.9857

Location 33 - Location 1 1 2 33 229.86 5612.02 229.86 1.0000
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Euclidean distance
FID Id

应急应急应急应急

场地场地场地场地
NEAR_FID NEAR_DIST 上限上限上限上限 下限下限下限下限 正功效正功效正功效正功效

Location 1 201 广场 11 1055.64 5545.12 7.29 0.1893

Location 2 202 广场 11 1072.85 5545.12 7.29 0.1924

Location 3 203 广场 11 1247.25 5545.12 7.29 0.2239

Location 4 206 广场 11 1403.85 5545.12 7.29 0.2522

Location 5 101 绿地 9 787.07 5545.12 7.29 0.1408

Location 6 104 绿地 9 695.84 5545.12 7.29 0.1243

Location 7 402 停车场 7 276.81 5545.12 7.29 0.0487

Location 8 103 绿地 7 264.34 5545.12 7.29 0.0464

Location 9 401 停车场 4 263.63 5545.12 7.29 0.0463

Location 10 102 绿地 7 548.07 5545.12 7.29 0.0977

Location 11 106 绿地 7 1044.07 5545.12 7.29 0.1872

Location 12 302 公园 10 1083.81 5545.12 7.29 0.1944

Location 13 403 停车场 11 1487.16 5545.12 7.29 0.2672

Location 14 301 公园 10 1349.55 5545.12 7.29 0.2424

Location 15 404 停车场 11 2182.79 5545.12 7.29 0.3928

Location 16 204 广场 13 1674.00 5545.12 7.29 0.3010

Location 17 412 停车场 13 1618.21 5545.12 7.29 0.2909

Location 18 405 停车场 13 2562.00 5545.12 7.29 0.4613

Location 19 407 停车场 13 675.06 5545.12 7.29 0.1206

Location 20 105 绿地 9 781.85 5545.12 7.29 0.1399

Location 21 110 绿地 9 710.53 5545.12 7.29 0.1270

Location 22 107 绿地 4 7.29 5545.12 7.29 0.0000

Location 23 408 停车场 8 110.98 5545.12 7.29 0.0187

Location 24 205 广场 13 4560.31 5545.12 7.29 0.8222

Location 25 409 停车场 8 5321.78 5545.12 7.29 0.9597

Location 26 113 绿地 8 5545.12 5545.12 7.29 1.0000

Location 27 111 绿地 13 3572.99 5545.12 7.29 0.6439

Location 28 112 绿地 4 592.14 5545.12 7.29 0.1056

Location 29 410 停车场 11 1389.35 5545.12 7.29 0.2496

Location 30 411 停车场 8 109.60 5545.12 7.29 0.0185

Location 31 108 绿地 8 313.63 5545.12 7.29 0.0553

Location 32 109 绿地 13 3433.79 5545.12 7.29 0.6187

Location 33 406 停车场 10 1513.06 5545.12 7.29 0.2719
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The optimal strategy
FID Id

C11 
effective 
capacity

C12 
the

slope 

C21 
residential 

C22 
medical 

C23 fire
-fighting 

C24 
water 

sources

C31 
fault zones

C32 
geological 

hazard 

C33 
explosive 
hazard

U

Location 16 204 0.70 0.91 0.86 0.93 0.90 0.45 0.30 0.31 0.25 0.5991

Location 12 302 1.00 0.90 0.84 0.87 0.33 0.64 0.19 0.16 0.35 0.5900

Location 32 109 0.51 0.65 0.78 0.99 0.83 0.29 0.62 0.20 0.24 0.5869

Location 25 409 0.04 0.81 0.99 0.49 0.11 0.04 0.96 0.69 0.18 0.5789

Location 27 111 0.00 0.82 0.82 1.00 0.75 0.27 0.64 0.35 0.32 0.5516

Location 26 113 0.14 0.81 0.75 0.41 0.00 0.00 1.00 0.47 0.29 0.5283

Location 17 412 0.03 0.98 1.00 0.87 1.00 0.41 0.29 0.03 0.35 0.5080

Location 24 205 0.03 0.85 0.21 0.76 0.44 0.16 0.82 1.00 0.18 0.4775

Location 15 404 0.02 0.73 0.76 0.86 0.68 0.51 0.39 0.18 0.23 0.4566

Location 22 107 0.75 0.90 0.21 0.30 0.73 0.82 0.00 0.63 0.79 0.4490

Location 20 105 0.33 0.92 0.79 0.11 0.24 0.96 0.14 0.62 0.33 0.4472

Location 5 101 0.10 0.92 0.96 0.00 0.09 1.00 0.14 0.91 0.16 0.4423

Location 14 301 0.32 0.97 0.59 0.96 0.45 0.61 0.24 0.09 0.20 0.4413

Location 10 102 0.02 0.16 0.91 0.55 0.27 0.75 0.10 0.25 0.89 0.4320

Location 6 104 0.04 0.94 0.87 0.17 0.31 0.94 0.12 0.45 0.45 0.4207

Location 8 103 0.23 0.46 0.70 0.36 0.58 0.85 0.05 0.22 0.85 0.4195

Location 21 110 0.18 0.54 0.79 0.23 0.40 0.91 0.13 0.28 0.60 0.4132

Location 3 203 0.17 0.45 0.77 0.85 0.66 0.49 0.22 0.16 0.05 0.4116

Location 19 407 0.00 0.60 0.83 0.96 0.73 0.38 0.12 0.11 0.26 0.4095

Location 7 402 0.01 0.75 0.61 0.48 0.48 0.82 0.05 0.18 1.00 0.4013

Location 11 106 0.19 0.73 0.48 0.68 0.18 0.72 0.19 0.13 0.72 0.3952

Location 33 406 0.02 1.00 0.51 1.00 0.51 0.59 0.27 0.12 0.17 0.3930

Location 18 405 0.01 0.27 0.59 0.69 0.69 0.43 0.46 0.07 0.23 0.3796

Location 9 401 0.04 0.95 0.41 0.35 0.67 0.84 0.05 0.43 0.83 0.3796

Location 28 112 0.03 0.55 0.58 0.32 0.53 0.88 0.11 0.32 0.71 0.3744

Location 2 202 0.01 0.00 0.71 0.84 0.64 0.48 0.19 0.24 0.12 0.3586

Location 13 403 0.02 0.87 0.47 0.99 0.64 0.54 0.27 0.00 0.02 0.3550

Location 29 410 0.01 0.77 0.44 0.92 0.63 0.52 0.25 0.08 0.02 0.3375

Location 1 201 0.12 0.09 0.48 0.89 0.57 0.50 0.19 0.25 0.11 0.3354

Location 23 408 0.05 0.90 0.00 0.27 0.79 0.80 0.02 0.69 0.90 0.3221

Location 4 206 0.01 0.07 0.45 0.97 0.64 0.54 0.25 0.03 0.01 0.3046

Location 30 411 0.02 0.41 0.55 0.82 0.49 0.37 0.02 0.18 0.00 0.2809

Location 31 108 0.12 0.43 0.06 0.71 0.38 0.31 0.06 0.12 0.20 0.1994

Actually, Location12 and Location16 had been used as the headquarters office of 
earthquake relief, while location32 MinZhu Village is actually used as a refugee 
resettlement site, location 25 wetland park is actually as temporary construction site.
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