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ABSTRACT

The increasing occurrence of natural or human-caused hazards is a significant
global concern. These hazards often strike unexpectedly and, due to their intensity, frequency, and com-
plexity, can inflict considerable damage on humans and their accomplishments. This article offers an
overview of utilizing remote sensing technologies for managing natural hazards. It focuses on enhancing
our understanding of the built environment’s vulnerability to such hazards and on developing methods
to more accurately assess their impact on urban areas.

[YETEE To evaluate the effectiveness of remote sensing technology in risk management, this paper pres-
ents several case studies, including the 1999 Marmara earthquake in Turkey, the 2003 Bam earthquake
in Iran, and the 2004 Indian Ocean earthquake and tsunami. These studies are based on library research
and analysis of results. The paper concludes with a discussion on potential future directions of remote
sensing in hazard management, exploring the technological advances and challenges that could broaden
its application in addressing future hazards.

EHMIE Analysis of sources indicates that remote sensing technology is highly effective in assessing dam-
age post-disaster, monitoring recovery and reconstruction progress, and enhancing knowledge about ur-
ban infrastructure. Establishing a comprehensive and accurate database of critical infrastructure is essen-
tial for emergency risk management, as it provides a baseline for estimating actual damage and related
losses following an event. Immediate damage assessment after a natural or man-made hazard is crucial
for initiating the response process and informing the prioritization of relief efforts and initial damage eval-
uations. The integration of GPS-based technologies with GIS systems has notably improved field detection
efforts after major disasters, underscoring the importance of these technologies in disaster response.
Over the past decades, remote sensing technology has seen widespread use in assessing the
impact of earthquakes, tsunamis, storms, floods, forest fires, and terrorist attacks. The research findings

Article Info: ¢ clearly indicate that remote sensing technology, leveraging satellite imagery with high spatial resolution
Received: 17 Jan 2024 ¢ and widespread availability, can effectively contribute to all facets of crisis management.
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Extended Abstract

Introduction

emote sensing yields valuable data for

various aspects of hazard management,

including early warning systems, damage

assessment, and resource allocation. This
aids in monitoring and predicting natural hazards, evalu-
ating their impact, and facilitating efficient response and
recovery efforts. Often, the adoption of new technologies
is driven by the imperative to rapidly gather critical in-
formation for disaster management, enabling emergency
responders to assess the impact of major disasters more
efficiently and monitor recovery and response operations’
progress.

Examples of technology implementation during signifi-
cant disasters, such as Hurricane Andrew in 1992 and the
1994 Northridge earthquake, showcased the potential use
of GIS for damage assessment and recovery. Similarly,
Hurricane Charley in 2004 demonstrated the effective-
ness of GPS-based field navigation technologies in miti-
gating damage and destruction in a timely manner.

These events underscore the importance of utilizing
time-critical information for making crucial decisions
during disasters. Remote sensing stands out as a technol-
ogy with a significant impact on risk management over
the past decade. Leveraging high-spatial resolution opti-
cal imagery and active sensors like synthetic aperture ra-
dar (SAR) and LiDAR, remote sensing technology plays
a vital role in quantifying post-disaster damage, monitor-
ing recovery progress, and developing information about
urban infrastructure.

One of the main drivers behind this rapid development
has been the availability of commercially accessible high
spatial resolution satellite imagery, which was previously
primarily accessible to government agencies, notably
military entities. The impact of this technology on risk
management has been remarkably significant. This paper
concentrates on assessing the efficacy of remote sensing
technologies across all aspects of hazard management,
encompassing preparedness, mitigation, response, and
recovery.

To illustrate the effectiveness of remote sensing across
these four areas, historical cases and recent examples of
hazards such as the Marmara Earthquake in Turkey, the
Bam Earthquake in Iran, and the Indian Ocean Earth-
quake and Tsunami have been examined. Additionally,
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the paper briefly discusses potential future directions for
remote sensing in hazard management, exploring both
advancements and challenges in realizing its broader ap-
plication in future hazards.

Methods

To elucidate the effectiveness of remote sensing technol-
ogy in risk management, particularly concerning invento-
ry development, damage estimation, and field surveying,
this research focuses on the cities of Marmara in Turkey,
Bam in Iran, and the Indian Ocean region. These areas ex-
perienced extensive damage due to earthquakes in 1999,
2003, and 2004 respectively. The research methodology
employed here is library-analytical. By reviewing existing
studies and research in the field of risk management and
analyzing their findings, the paper elucidates the role of re-
mote sensing across all aspects of crisis management, in-
cluding preparedness, mitigation, response, and recovery.

Results

This study evaluated and investigated the capability of
remote sensing technology, along with satellite imagery,
in all aspects of crisis management, including prepared-
ness, mitigation, response, and recovery. Specifically, it
focused on inventory development, instantaneous dam-
age estimation, and field diagnosis. Analysis of the results
revealed that remote sensing technology demonstrates
significant efficiency in assessing damage post-disaster,
monitoring post-disaster recovery and reconstruction
progress, and gathering information about urban infra-
structure. In terms of inventory development, compiling
a comprehensive and accurate database of critical infra-
structures proves effective in estimating actual damages
post-hazard occurrence. Moreover, in the context of miti-
gation and preparedness, there’s an increasing demand for
precise inventories of the built environment to conduct
vulnerability assessments, estimate repair costs, assess
insurer liability, and aid in relief planning. A significant
advantage of remote sensing inventories lies in their rela-
tively easy updating, particularly crucial at the city level
scale, where satellite imagery provides an overview for
planning departments to monitor urban growth, especially
regarding damages caused by urban settlements and criti-
cal infrastructure like roads, pipelines, and bridges. Im-
mediate damage detection after a hazard, whether natural
or man-made, initiates the response process by providing
crucial information to prioritize relief efforts, direct first
responders to critical locations, and optimize response
time and initial damage estimation. The analysis revealed
that damage estimation can be approached through direct
and indirect methods. In the direct approach, damage is
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detected by observing object characteristics or temporal Conflicts of interest
changes, while in the indirect approach, damage is identi-
fied through surrogate markers. GPS-based technologies The authors declared no conflicts of interest.

have significantly improved field detection efforts after
major disasters. Traditional post-disaster damage assess-
ment methods typically involve manual field surveys,
where damage indicators are recorded in spreadsheets
along with general damage states. However, the use of
GPS-based systems has shown to significantly expedite
land mapping data collection processes.

Conclusion

In recent decades, remote sensing technology has seen
extensive use in quantifying the impact of earthquakes,
tsunamis, hurricanes, floods, forest fires, and terrorist at-
tacks. This research focused on utilizing remote sensing
technologies for natural hazard management in Marmara,
Turkey; Bam, Iran; and the Indian Ocean, aiming to en-
hance human understanding of the built environment’s
vulnerability to such hazards and improve assessment
methods for their impact on urban areas. The findings of
this research demonstrate that remote sensing technology,
leveraging high-resolution satellite imagery, can effec-
tively contribute to all facets of crisis management. It en-
ables the creation of comprehensive databases document-
ing building existence before and after natural hazards,
aiding in the explanation of damages incurred. However,
the accessibility of high-resolution satellite images often
comes with a cost, posing a limitation on their widespread
use in natural hazard management. This financial aspect
should be carefully considered by experts and planners in
this field.
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9. Committee on Earth Observation Satellites (CEQS)

10. Early Post-Earthquake Damage Assessment Tool

11. Square Footage

12. Multidisciplinary and Multi-Hazard Earthquake Engineering
Research Center (MCEER)

13. Normalized Digital Surface Model (nDSM)

14. Digital Terrain Model (DTM)
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ai mean sea level (m OD)

Surface elevation
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2. Digital terrain model (DTM)
Bare cath clevations recorded
in meters meters relative to a

generis datum such ai mean sea
level (m OD)
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(see Figure 2a3) satellite imagery
Feature extraction
Building-
Maxima decision rule footprint
Maxumom buuldang Count
height (in meters)
Area of foot-
Conversion factor pruit (in pixels)

Conversion factor
Building height
(in stories)

Total building
square footage
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19. Image-Space

20. Object-Space

21. Long Beach

22. Mono-Image Height Extraction Algorithm (MIHEA)

18. Digital Elevation Model (DEM)
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23. Real-Time
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28. Difference

29. Correlation
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25. Bridge Hunter
26. Bridge Doctor
27. Federal Highway Administration (FHWA)

O3 Cupido 4 593 31 baminn (S5 59U 35145 3t (55950 -y\S0B 9 (5198 L]

FAA



https://dpmk.ir/fa

F oylos Y 0,90 NF+Y ylino)

Ol S0y 9 (6 Sl (iilS % /|

(--5 u.i:l.b 9 )AL}T) 399 5l Gl glojouz paglad 5l eolaswl b (6 b (sWolKiieSw g b lossbus oyl ausidd gy Y Jour

Cudguswe Cujo
)gl -1 R | Ole )”LA'M 9 &5)) A
39y lidyy Clelo 4y 391000 ¥ B sl 43 b (gl pguas ¥
S d35xe Jpd3k oiloj Y Ll duglio

02 pgual yaud .
9 8l cos Y

S50 g8 el Ly
Ly 0 )3 (6009005 ¥

el )l HSSgleg a3 ¥ oy
D90 (stlalla Sl abj 2ame 1,05l ¢)le Y
(sin 9 (K yiegd) Slououal
M, 3y
Sl ) Joslis
JE VI § Smagads Y
W9 ¥

ag) sl (gl oS (ot izl (0 )
(o) Cuiads (glaodld 3 axlizul b

(RADARSAT , ERS) /i,

o 3 o Syasis sl (laasles

) - “’“
9 oogigSal st alo) (695 o313 39,9
(e 293 3l e

§ €Lt orddslllas ddlais (068, yyolad
sl 0ta] o &y &I €1 P

My g 609 pobas Jolis Canl (e By

bl cglie (SIS 299 b (gjlone 439 b

AP o
O Ol o w8l Slles 5l oslizul b
)90 )I SR oy de 900 i
A8 ololid |y € pus® g € ytu» (LA JOVES B 3| WY V]
3l ulosle @) sloyasls
sl 50 gl capusl (gl oSl (I F)
Gk il 393 oy jl ot dey 2 ) )
s 1951
) ool b a8 lwlis L, SR
A d=g® Erat(22)) %’,‘ " j

S o ) e

3 Gy 9 Gilome e,y b loly gl 5l salazwl b calises

kel halie JoloSg o el haw pebde
Jls a3ls 5 s 9 Gt oais,9laes ERS 4 Landsat
9 csheb Slpasd (e |y (o) T (a) ST 5T 900 120
(%o 4350 59,8 (slapleiSl (sl (e CopaBly (slagyaess
(STl 3 guile ¥+ o) o STibly ¥+ o v o 5 i s
Yooo o STl 5 Wausle 138A (o Kan 5 SoT £199A
(o Yoo v e STyl o 5 guile sl

3 e Sl ol sl (stiline (55 5 (ST (slogihy,

1299 o 50 4.5 5 00 po yo al 315 aile calies (sl s yo al3)5
g (@Yoo Ko g 2o 6l Yo oo () ISom 5 265D
oo g STilely) o oslaisl Yo o ¥ Jlos 30 o)l plepes a3l
Vool o)) Kan g MasgS V0 (92> 5 yguinzld Yo 00
).151_436,434..,..1&.(\“~a‘o|)l.§.m34.;|)e\‘~b‘63ﬁ
50 Oy M Syl oF oes g A F o lod pygai o SPOT
oo g lol ) amo o ylits 3y O s Jdoay 1y S5k
[FPVOWE SURUUES S-S VN () R PR OV SN KL oW 1 ) SR

30. Hyogoken-Nanbu (Kobe)
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32. Block Correlation
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