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Earthquake Model Central Asia (EMCA)

Coordinated by GFZ
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Vulncrability Class,

Type of Structure

MASONRY

rubble stone, fieldstone

adobe (carth brick)

simple stone

massive stone

unreinforced, with manufactured stone units

unreinforced, with RC floors

reinforeed or confined

REINFORCED CONCRETE (RC)

frame without carthquake-resistant design (ERD)

frame with moderate level of ERD

frame with high level of ERD

walls without ERD

walls with moderate level of ERD
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walls with high level of ERD
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Motivation

463000 470000 477000

lls and ferro-concrete

Need for new approaches to estimate building :
inventory and thus vulnerability in a rapid,
standardized, comparable and scalable way.

8 .
Kilameters i

Population: 865.527 people (status 2009)

Built-up area 2009: 235 km? (from satellite images)
Built-up area 1994: 152 km? (from satellite images)
Built-up area 1977: 117 km? (from satellite images)
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Vision

- A rapid visual survey can lead to a reasonable first assessment over broad areas.
> By coupling remote sensing (topview) with omnidirectional imaging (streetview),
this could be done in an optimal way (in terms of time and resources).

- Open-source tools, low-cost data sources.
- Globally applicable on regional and local scale.
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Overview of the approach

Analysis of high resolution satellite images
3 -7 W i k = -

/- Selection \

Regional Local

Assessment Assessment

N s

polation

Inventory Data Capture

Extpolation frorr; building to block scale Analysis of high res. omnidirectional images

Inventory Database i

Probabilistic Framework

I
Hazard Assessment Vulnerability Assessment Risk Assessment
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Analysis of medium-resolution satellite images
Stage of Stratification Workflow / Results

Homogenous areas in terms of building type and age

Pixels

Intersection

Building types Age of built-up areas

object-oriented LULCC Change-detection

S

Homogenous areas (unlabeled)

Unsupervised Segmentation

L i
t2
Landsat Image| 13

Kilometers

Landsat 30m (R-G-B 5-4-2)

0 1 2 3 4 Landsat Image | t1 LL

Pixels — Segments — Thematic Classes — Urban Structure Types
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Analysis of medium-resolution satellite images
Stage of Stratification Workflow / Results
Thematic class (LULC)
! urban residential

1-2 storey
masonry, brick,
clay — type 2

3-6 storey
masonry, brick,
concrete, panel

7-9 storey
concrete, panel,
frame, monolithic
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Analysis of medium-resolution satellite images

Stage of Stratification Workflow / Results
Thematic Class (Age of built-up areas) 08.07.2009 Landsat TM

built-up area: 235 km? -
growth rate (1994-2009): 55 % |

I

before 1977

: 15.07.1994 Landsat TM
Bishkek

built-up area: 152 km? o
growth rate (1977-1994): 30 % | gt

22.08.1977 Landsat MSS

0 1 2 3 4 built-up area: 117 km?

e e m Kilometers
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Analysis of medium-resolution satellite images
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Urban Structure Type: 10

Stage of Stratification
Urban Structure Types

e e m Kilometers

T | Ype: 3-6 storey brick, concrete, panel

0 125 250 375 500

Meters

Urban Structure Type: 16
Type: industrial, commercial
Age: built before 1977

Urban Structure Type: 8
Type: 1-2 storey masonry, brick
Age: built between 1994 and 2009
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Stratified sampling and analysis of high-resolution satellite images

Sample areas

e Kilometers B cuitding [ vegetetion [ Shadow Meters

[ sealsd Surface Bare Seil

Quickbird R-G-B (3-2-1)
Building shape, area, roof-type, roof-color/-material, etc.
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Acquisition and analysis of high-resolution omnidirectional images
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Omnidirectional Image
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Acquisition and analysis of high-resolution omnidirectional images

Navigation Unit

Omnidirectional Camera

System mounted on car
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Acquisition and analysis of high-resolution omnidirectional images

Sample areas and OpenStreetMap

0 125 250 375 500
O w— Veters
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Acquisition and analysis of high-resolution omnidirectional images

Play/stop the stream

Google Map Window
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Omnidirectional Imagestream
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Acquisition and analysis of high-resolution omnidirectional images

Automated height measurement from 3D-points
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Acquisition and analysis of high-resolution omnidirectional images

Automated height measurement from 3D-points

27.9m
28.8 m
27.1m

31.0m

Vertical shape, soft-storey detection, nr. of windows, eftc.
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Data integration

> Priors from medium-resolution satellite images

> Estimated Age
> Land-Use / Land-Cover (LULC)

> Information from high-resolution satellite images:
> Building footprints

> L ]

> Information from omnidirectional images:
> Estimated Height of Structures

> L]

> Priors from manual data entry :

> Expert knowledge
> Ancillary data
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Vulnerability estimation (EMS-98): bayesian network

Building Age

(<]
Marc Wieland

Landuse- / Landcover Building Height

Yulnetability

3 - Selected node
index: 5

Node label: l Vulnerapility

Mumber of values: I B

I is evidence

evidence value: I

0.206814

Conditional probability table Posterior probability table |

0.381959

0153392 | 0.0706736 | 0116108 | 0.0710523

lI O B mm
A | B

C | D|E F

Posterior Probability

v
v Recalculate posterior probability table
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Vulnerability estimation (EMS-98): building scale

Age: 1994-2009
Nr. of storeys: 9
Type: 5-9 storey,
concrete, panel,
frame

Vuin: E
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Vulnerability estimation (EMS-98): extrapolation to district scale
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Work in progress...
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Conclusion

Marc Wieland

Stratified sampling using remote sensing proved successful.
Omnidirectional imaging: fast deployed, easily operated.

Feature extraction from remote sensing proved feasible.
Automatic extraction from omnidirectional images proved feasible.

Bayesian approach to data fusion seems promising.

Approach is scalable, flexible and transferable.
All tools are open source and costs for data can be reduced to a minimum.
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