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Research Objective

To explore the value of the application of Crowd Sourced (CS) data in 

identification of damaged areas in the aftermath of an earthquake. 



The Role of Crowd Sourced (CS) in Disaster Response 
Concepts and Previous Work

• Do you feel it project (Wald et al., 1999)

• Applying Crowd Sourced data in flood damaged modeling (Poser and Dransch, 2010)

• Open Street Map databases after the Haiti earthquake (OpenStreetMap, 2010) 

• Wildfires Crowd Sourced data: Santa-Barbara 2007-2009 (Goodchild and Glennon, 2010). 

• Ushahidi platform in the Haiti earthquake (Meier and Munro, 2010)

• Ushahidi platform in snowstorms in Chicago, Illinois (Agrios, 2011).



Methodology



Data collection and preparation

• The CS data
– Questionnaire Survey with people who experienced the earthquake in Bam city, Iran, in 

2003. 

– 396; two stages cluster sampling method 

– Data:

– the number of injured people trapped in buildings, 

– the number of fatalities, 

– the destruction level of each building, 

– when it was suitable for them to submit data. 

• The GIS database:
– A point shape file;  

– The coordinate of location (X, Y)

– Geo-coding addresses of people

• Actual Earthquake (AE) data: 
– The building destruction level, 

– The number of fatalities

– The number of injuries in each building block  

– Were collected by Statistical Center Of Iran  by conducting a street survey (SCI, 2004). 

Distribution of respondents in the study area

The questionnaire form



Hot spot analysis

• To identify the statistical significance of the spatial clustering of values (hot spots) with the 
application of geospatial statistics Getis-Ord (Gi*) method (Ord and Getis, 1995).  

• The analysis of three measures derived from CS data: 

– The level of building destruction, 

– The number of fatalities, and 

– The number of injuries of each building. 

• The CS data was considered based on their submission time:

– Continuous data submission

– Discrete data submission

– Complete data submission



Data comparison

• The same unite of analysis to produce the hot-spot end results with the application of CS data and 
AE data.

• To compare the end results of the same parameters in order to determine how similar  they are 
(percentage of agreement).

In order to create an accurate comparative analysis, two aspects were taken into account. 

• Firstly, classifying the end results to seven similar classes (CS and AE hot spot maps). 

– Fuzzy Kappa index (Visser and Nijs, 2006; Hagen-Zanker et al., 2005), 

– Fuzzy Inference System (Power et al., 2002)

• Secondly, specifying 396 corresponding points (the same place) in both hot spot maps (CS and AE 
data).

– Cross tabulation (Pontius and Millones, 2011)



Hot spot analysis: CS-Continuous data submission

Submission Time (Minute) 5 10 15 20 25 30 40 45 50 60 90 120 150

Count of CS data in each time 1 11 8 68 3 98 2 40 1 53 18 24 6

Submission Time (Minute) 180 210 240 270 300 360 390 420 450 480 660 720 1440

Count of CS data  in each time 21 2 12 1 7 9 1 2 1 1 1 2 3
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Spatial Autocorrelation by Distance

Distance

2,6002,4002,2002,0001,8001,6001,400

z
-s

c
o

re

1

0.5

0

-0.5

-1

Spatial Autocorrelation by Distance

Distance

2,6002,4002,2002,0001,8001,6001,400

z
-s

c
o

re

4.2

4

3.8

3.6

3.4

3.2

3
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Distance band for: a) submission time of less than 20 min: 1700 meter; b) submission time of less than 60 min: 1800 meter; 

c) submission time of less than 120 min, 180 min, 360 min, 1440 min: 2200 meter.

Hot spot maps for the level of building destruction based on simulated

continuous submission of CS data after Bam earthquake 



Hot spot analysis: CS-Discrete data submission

Class 1 2 3 4 5 6 7 8

Survival percentage of trapped people 90 80 75 70 65 60 40 20

Submission time (Minute) 30 60 120 180 240 360 720 1440

Count of the CS data submissions in each time 

period

189 96 42 27 14 17 3 8

The survival time for trapped people 

(Coburn and Spence, 2002)

Discrete CS data submission after the earthquake occurrence

Hot spot maps for the level of building destruction based on simulated

discrete submission of CS data after Bam earthquake 



Hot spot analysis: CS-Complete data submission

Spatial Autocorrelation by Distance
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Spatial autocorrelation by distance for 

complete submission of CS data: 2200 meters 

c) The number of injured people 

a) Level of building destruction

b) The number of fatalities



Hot spot analysis: Actual Earthquake (AE) data

The hot spot analysis with AE data was based on the average 

value of three parameters in 1415 building blocks in Bam 

city and creating a centeroide for each block. 

Spatial Autocorrelation by Distance

Distance

3,0002,5002,000

z
-s

c
o

re

15

14

13

12

11

10

Spatial autocorrelation by distance for AE data: 2830 meters

c) The number of injured people 
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b) The number of fatalities



Comparison of Crowd Sourced data with Actual Earthquake data: 
Fuzzy Kappa

Red color: dissimilar = 0 and green color: similar = 1

X 100 = agreement percentage

c) injured people

a) the level of building destruction

b) fatalities

Parameters Fraction correct

The level of building 

destruction

0.46

The number of fatalities 0.21

The number of injured people 0.26

Fuzzy Kappa Index analysis

The similarity between hot spot maps of building destruction, fatalities, and

injured people was 46%, 21%, and 26% respectively.



Comparison of Crowd Sourced data with Actual Earthquake data: 
Fuzzy Inference System 

Parameters Fuzzy Global Matching

The level of building 

destruction

0.46

The number of fatalities 0.32

The number of injured people 0.35

Fuzzy Inference System analysis

a) the level of building destruction

c) injured people

b) fatalities 

This analysis showed a similarity of fuzzy global matching between hot spot maps of

building destruction, fatalities, and injured people was 46%, 32%, and 35% for the same

measures.

Red color: dissimilar = 0 and green color: similar = 1

X100 = agreement percentage



Comparison of Crowd Sourced data with Actual Earthquake data: 
Cross tabulation analysis

Count of Building 

Destruction Level

CS 

Dat

a

AE Data 1 2 3 4 5 6 7 Total

1 43 34 34 144 255

2 9 9

3 5 5

4 1 51 4 17 73

5 3 3

6 5 3 5 13

7 2 1 35 38

Total 43 34 35 219 0 8 57 396

Count of 

Fatalities 

CS 

Data

AE Data 1 2 3 4 5 6 7 Total

1 3 43 24 224 11 3 308

2 2 2 12 2 18

3 6 6

4 6 1 8 5 20

5 1 1

6 2 1 3

7 2 6 32 40

Total 3 45 26 249 16 20 37 396

Count of 

Injured People

CS 

Data

AE Data 1 2 3 4 5 6 7 Total

1 33 55 28 145 4 7 272

2 15 1 16

3 10 10

4 16 5 5 3 29

5 1 1

6 1 1 2

7 1 6 20 39 66

Total 33 55 28 187 16 34 43 396

c) injured people

b) fatalities

a) the level of building destruction



Comparison of Crowd Sourced data with Actual Earthquake data: 
Cross tabulation analysis

a) the level of building destruction

b) fatalities c) injured people.

Commission and omission in study area

Cross tabulation analysis pointed to a disagreement

between hot spot maps which had the allocation

dissimilarity of 11% for all three measures. These

similarity and dissimilarity measures clarified that there

was a low to moderate similarity between hot spot

maps based on CS and AE.



Conclusion
• CS data alone could have a moderate potential role in identifying highly damaged areas (hot

spots) and low damaged areas (cold spots).

• In this study the CS data were more indicative of the determination of cold spot areas and
divided the city into two general areas - east (hot spots with highly damaged areas) and west
(cold spots with less damaged areas).

• The results would suggest that the direct use of CS data could give a general idea about the
high and low damages in affected area, but it is rapidly after an earthquake happening (60
minute later).

• However, for effective disaster response decisions, the CS data should be only used as a
complementary data with combination of existing data such as various existing datasets
(spatial data infrastructure – SDI) and remotely sensed data.

• This study provides the initial ideas for future research regarding the integration of CS data
with SDIs to facilitate earthquake disaster response.



Thank you 


