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Fragility Function

Dam age Rank Matsuoka and Nojima,2010
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Integration Using Bayes' Probability
30m res. C-band SAR U pd ate

Damage Rate based on Integration ?:f SAR and Seismic Intensity
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) Severe Damage Ratio 3 @ @ 3 @@@
[T T - GO00e00 - 0000068
o mnm | = 000000 | | o000ee0
§ " .D% EO* 0@5@@@@@ EO o.ee6 0gga oo @i G
2 | E 1 | oo owme 0w oo o (@ (1 T 0.0 036
g 0.4 g 2 | 0607 0.614 0.8¢8 0,54 01 O(Te r@ 5
§ a3 0.606 0.012 0.8e4 0.0% 0BT O(HO l@ 3
02
4
-5 4.5 4 -3.5-3 -2.5 -2 -1.5 -1 0.5 ;ﬂi 1152 253 35 4455 ﬂ’j&& :-ha]g&
Seismic Intensity vs Fragility Function (a) HEEEEFOFHME pp (c) MEEEHEFD pp —ap (FHUEO0)
Severe Damage Ratio 4 ¢
! s 1 3 oys o1 o4 o@4 oD oS o 3
- HEELL P 2 | @@ o@e Do @ 0B D B 2
{ il e@@@e@®® 5
- I 1o @@ @BGS@B®S | §o
§ . m o || % 4 o@s o@9 o@e 0@ oF @ @ ‘I:: A
<99.9% I II 2 | om0z om0 o@s ofs (3P (@ 2
0z I'. ‘fsf : i | 3 vaes 05 0@ 0@6 o@e (B (G 3
0% 4 2
Kobe SHAEE S
(b) HE2EFOENRE op (d) HEE2EFED up +op (igﬁé__ 1)

(Nojima et al., 2006) TR & SAR TRIEE RIS ROMENEIT & 5 e




How to Develop Likelihood Function
from SAR Imagery

» Dataset: Kobe earthq.(JERS-1/SAR (L-Band), BRI
damage data)

 SAR index: difference and correlation

» Method: pixel selection for seven damage rankings to
examine the relationship between indices and damage
rankings
— Combined index, Zg;, from Regression discriminant

function

— Likelihood function (fragility function) to estimate
damage ratio from Zg,

M. Matsuoka and N. Nojima: Building Damage Estimation by Integration of Seismic Intensity Information and
Satellite L-band SAR Imagery, Remote Sensing, MDPI, Vol.2, No.9, pp.2111-2126, 2010.9.

Dataset (JERS-1 and Ground Truth
Data for the 1995 Kobe Earthquake)
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Change Detection Index from SAR

v Image matching

v Speckle noise filtering

v’ Calculating following indices,

v' Difference of backscattering
coefficient (after — before)

damage < no damage

v' Correlation coefficient

damage < no damage
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Difference in Backscattering Coefficient
and Correlation

Difference:

d=10-log,, la, —10-log,, Ib,

Correlation:

r =

N N N
N lalb.— > 1a Y Ib,
i=1l i=1 i=l

N%‘Iaiz—[i;laijz : N%‘Ibiz—(%lbi]z}

where i is the sample number, and /a; and Ib; are the digital numbers of the

post- and pre-images, respectively. /a; and /b; are the corresponding
averaged digital numbers over the surroundings of pixel i within a 13 x 13
pixel window; the total number of pixels N within this window is 169, which

is used to compute the two indices.




Pixel Selection and Scatter
Diagram for Damaged Areas

SAR indices images are overlaid on damage survey data, then 2000 pixels
are randomly extracted from seven damage rankings.
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Regression Discriminant Function

ZRj =-1.277d-2.729r
Zg; : discriminant score, d: difference, r: correlation

Takardzuka - .

Osaka Bay:. .
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Likelihood

Likelihood Function of Severe Damage
Ratio from Z,
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Relationship between Zg; and
Severe Damage Ratio
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This curve is equivalent to the fragility function for damage without seismic

intensity information, the severe damage ratio increases with increasing Zg;.
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Damage Ratio derived from JERS Zp
Images

(c) METILAXA, Analyzed by AIST

Difficult to estimate the areas where the o L
damage ratio lower than about 30% - Limitation of SAR utilization

Integration Using Bayes' Probability
30m res. L-band SAR U pd ate

ZRrj vs Normalized Likelihood Function
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Integrated Results and Comparison
with Damage Survey Data

Takatet e s A distribution which resembles the
'- | so-called “earthquake damage belt”
from Kobe to Nishinomiya is
Severe .
Damage obtained. [BRI, 1996]
Rate (%)
100 I
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As for Takarazuka whose seismic intensity ¥ DRak
has been underestimated, the severe 0 0 20k
damage ratio estimated by the integration

is also underestimated due to small
discriminant score Zg; from the SAR data.
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How to Apply the Method to
Other Area/Country

- For different area and SAR sensor -

» Dataset: Peru earthq.(ALOS/PALSAR (L-Band), CISMID
damage data)

Development of

—Combined index, Zg,, from Regression discriminant
function

—Likelihood function (fragility function) to estimate
damage ratio from Zg,

—Fragility function from Shake Map

18




Application to ALOS/PALSAR:
The 2007 Pisco Peru Earthg.

v Date: Aug. 15, 2007

v Earthquake: M8.0, 30km depth

v' Death or Missing: 500 <

v" Collapse or Severe damage:
35,000

<

78"

76"
(USGS 2007)

PALSAR Images Before and After the
Earthquake

(b)

20km |

(c) METI/JAXA

(c) METI/JJAXA

(a) 2007/7/12 (b) 2007/8/27 .




Ground Truth Data
- Pisco City -
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(a) Damage map by CISMID  (b) Severe damage ratio distribution

Estrada, M.; Zavala, C.; Aguilar, Z. Damage study of the Pisco, Peru

earthquake using GIS and satellite images. In Proceedings of 21
International Workshop for Safer Housing in Indonesia and Peru,

Tsukuba, Japan, March 2008

Pixel Selection and Scatter
Diagram for Damaged Areas

SAR indices images are overlaid on damage survey data, then 2000 pixels
are randomly extracted from seven damage rankings.
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Regression Discriminant Function

Zr,=-0.029d-2.613r

Zg, - discriminant score,
d. difference,
r. correlation

METI/JAXA
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Damage Ratio derived from PALSAR
Zr, IMages

Estimated damage ratio is
about 20% even in slight or no
damage area.
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Relationship between Z, and
Severe Damage Ratio
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Sample of Shake Map (USGS)

ShakeMap PGV data " Chincha

converted to |;,, using
empirical equation

JMA Seismic
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Sample of Fragility Function in
terms of Seismic Intensity

Modified Kobe model (the curves are shifted -0.25 in terms of seismic
intensity) - weaker strength than Kobe

Severe Damage Ratio
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Integration Using Bayes’ Probability
Update

10m res. L-band SAR

ZRj vs Normalized Likelihood Function
Severe Damage Ratio
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Summary

In order to develop a damage estimation model for SAR images, a
discriminant scores was obtained by regression discriminant
analysis, using the difference values and correlation coefficients
from pre-event and post-event SAR images of the areas affected by
an earthquake, as well as damage severity rankings, as explaining
variables.

Then, a modeled likelihood function for severe building damage ratio
from discriminant scores was developed.

We demonstrated that the severe building damage ratio distribution
can be estimated from SAR images through integration with the
fragility function for damage in terms of seismic intensity of the
earthquake.

Above mentioned procedure were applied to the 1995 Kobe and
2007 Peru earthquakes as examples, and the accuracy of the
proposed models through comparisons with local field investigations
was examined.




