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ABSTRACT

Effective disaster management is a complex problem, because it involves many
parameters, which are usually not easy to measure and even identify: Analysis of current
situation, planning, optimum resource management, coordination, controlling and
monitoring current activities and making quick and correct decisions are only some of
these parameters, whose complete list is very long. Disaster Management Information
Systems (DMIS) assist disaster managers to analyze the situation better, make decisions
and suggest further actions following the existing emergency plans. This requires not
only fast and thorough processing and optimization abilities, but also real-time data
provided to the DMIS.

The need of DMIS for disaster’s real-time data can be satisfied by Small Satellites
data utilization. Small Satellites can provide up-to-date data, plus a better media to
transfer data.

This paper suggests a rationale and a framework for utilization of Small Satellite
data by DMIS. DMIS should be used “before”, “during” and “after” the disasters. Data
provided by the Small Satellites are almost crucial in any period of the disasters,
because early warning can save lives, and Satellite data may help to identify disasters

before they occur. The paper also presents “when”, “where” and “how” Small Satellite
data should be used by DMIS.

1. INTRODUCTION

Most of the disasters are unavoidable, yet regardless of the reasons of the disasters, the
unwanted results, (harm and loss), of the disasters can be avoided when necessary
actions are performed [1] [2] [3] [4] [5]. Effective disaster management activities follow
a cycle of four phases: Preparedness, mitigation, response, and recovery. For each and
every phase of the effective disaster management, Disaster Management Information
Systems (DMIS) can be utilized for better managing the very complex catastrophic
conditions, which are complex problems for the disaster managers.

After providing brief information regarding DMIS, the paper provides utilization
opportunities of small satellites for disaster management. In addition, a framework to
show “when”, “where” and “how” to use the space technology for disaster management
purposes is also provided.



2. DISASTER MANAGEMENT INFORMATION SYSTEMS

In its simplest and broadest definition, a DMIS is an information system developed and
used for disaster management purposes. To support various types of DMIS users
(ranging from the operators to the incident command manager), the DMIS that is
referred to by this paper possesses the above definition specifications, furthermore it
keeps track of data and information regarding the following functional areas

— Disasters of all types (parameters and models to support disaster simulations),
— Resources inventory,

— Vulnerables (of all forms, assets, values and functions),

— Treaths and weaknesses, their indicators, and interpreters,

— Geographical Information System data for the disaster area,

— Emergency response, mitigation and recovery plans,

— Crisis management and monitoring,

— Task assignment at all phases of disaster management.

The technical specifications that should be satisfied by means of DMIS can be
grouped as follows:

— Mobility (DMIS should be used as place independent),

— Flexibility (DMIS should be flexible and generic enough to support all types of
possible disasters),

— High Performance (Time is very crucial in disaster management, DMIS should
be fast),

— Continuity (DMIS should work continuously without failure),

— Open (DMIS may need to communicate with other systems thus it should
provide open standards communication),

— Scalability (DMIS should respond effectively to requests of all scales).

Having clarified what is meant by DMIS in this study, following section presents use
of satellites by DMIS.

3. SMALL SATELLITES UTILIZATION BY DMIS

There are many application areas for satellite utilization [6] [7]. Being one of these
areas, disaster management utilizes satellite technology for various purposes, ranging
from planning to monitoring, mitigation and post-disaster evaluation.

Utilization of satellite technology for disaster management is not a new topic [8] [9]
[10] [11]. However, it is still a hot topic due to recent improvements in the technology
and presented advantages of satellites usage for disaster management [12] [13] [14] [15]
[16] [17] [18] [19] [28]. Some of these studies focuses on one respect of satellite
utilization in disaster management: Satellite communication [20] [21]. There are also
studies regarding small satellites usage in disaster management [22] [23] [24] [25].

In order to present a framework for small satellites utilization for DMIS, following
dimensions of disaster management will be defined:



— Disaster type (Natural and technological types of disasters origins, e. g.
Earthquake, flood, fire, NBC, terrorist activities, etc.),

— Time (before, during and after disaster situation),

— Functionality (Preparedness, mitigation, response, and recovery),

— Scale (level of disaster management for different scales, e. g. enterprise,
provincial, regional, national, international, global).

SCALE (Global, International, National, Regional, Provincial)

TYPE (natural and technological)

TIME (before, during, after)

FUNCTIONALITY (planning, monitoring, mitigation, etc.

DMIS

Figure 1. Utilization of Small Satellites at Four Dimensions of Disaster Management

Figure 1 aims to present the utilization areas of small satellites for DMIS, regarding
the four dimensions in disaster management type, time, functionality and scale as
defined above. The figure suggests that small satellites can be utilized for all types of
disaster, for every time period of the disaster, and for every functionality of disaster
management. As for the scale dimension, it is not very effective to suggest use of
satellites for homeland security, or enterprise level disaster management. Better results
can be obtained if small satellites are used for larger scale disasters, like international
and global.

Integrated use of small satellite system may support international even global
disaster management, and thus may reduce unwanted effects of disasters, saving many
lives and resources. Recent trends are in parallel to the above suggestion. Global Earth
Observation System of Systems (GEOSS) is a program aiming to pool all national and
regional observation data within the next ten years. Once in place, information would be
available instantaneously to all countries. It is stated that if such a network had already
been in place, tens of thousands of lives lost during the Indian Ocean tsunami strikes on
December 26 might have been saved [27].

4. CONCLUSION

This extended abstract briefly explains DMIS and satellite utilization for disaster
management. It suggests a framework for utilization areas of small satellites in disaster
management. According to the dimensions depicted for disaster management, small
satellites can be used:



— Time: All time periods of disasters (i.e. before, during and after disasters)

— Type: All possible types of disasters originated from natural and technological or
human factors

— Functionality: Almost every function of disaster management can be served via
small satellites

— Space: Serving large scale disaster management is more preferred to serving
small scale levels.

Full-size study deals with more details of the above statements, identifying specific
areas of use with supporting samples, and presenting areas of future studies.

5. REFERENCES

[1] Haddow, George D., Introduction to Emergency Management, Amsterdam: Butterworth-Heinemann,
(2003)

[2] Kadibesegil, Salim, Crisis Says: “I am Coming”, Kapital Medya A.S. (2002)

[3] National Earthquake Counsil, National Strategy to Mitigate Earthquakes, Ankara, (2002)

[4] Levitt, Alan M., Disaster Planning and Recovery: A Guide for Facility Professionals, Wiley, New
York (1997)

[5] Flin, Rhona H., Sitting in the Hot Seat: Leaders and Teams for Critical Incident Management, J.
Wiley, Chichester [England]-New York (1996)

[6] Mondschein, L.G., The Role of Spatial Information Systems in Environmental Emergency
Management, Journal of the American Society for Information Science 45 (9), 678-685. (1994)

[7] Chetty, P.R.K, Satellite Technology and Its Applications, Fairchild Space Company, Germantown
Maryland, Tab Books Inc. Blue Ridge Summit, PA (1988)

[8] T.C. Bayindirlik ve Iskan Bakanligi, Uses of Space Techniques on Disaster Mitigation and Physical
Planning Activities Seminar, Ankara, (24-26 June 1998)

[9] Elbert, Bruce R., The Satellite Communication Applications Handbook, Artech House Publishers
Boston-London (1997)

[10] Kuroda, T., T. Orii, S. Koizumi, Concept of Global Observation Satellite system (GDOS) and
measures to be taken for its realization, ACTA Astronautica, 41(4-10), 537-549. (1997)

[11] Jayaraman, V., M.G. Chandrasekhar, U.R. Rao, Managing the natural disasters from space
technology inputs, ACTA Astronautica, 40(2-8), 291-325. (1997)

[12] Yang, M.D., Yang, Y.F., Hsu, S.C., Application of Remotely Sensed Data to the Assessment of
Terrain Factors Affecting the Tsao-Ling Landslide, Canadian Journal of Remote Sensing, 30(4), 593-603.
(2004)

[13] Okada, Y., K. Kasahara, S. Hori, K. Obara, S. Sekiguchi, H.Fujiwara, A. Yamamoto, Recent
Progress of Seismic Observation Networks in Japan — Hi —net, F-net, K-net and KiK-net, Earth Planets
and Space, 56 (8), 15-28. (2004)

[14] Kohiyama, M., H. Hayashi, N. Naki, M. Higashida, Early damaged area estimation system using
DMSP-OLS night-time imagery, International Journal of Remote Sensing, 25(11), 2015-2036. (2004)

[15] Rejaie, A., M. Shinozuka, Reconnaissance of Golcuk 1999 earthquake damage using satellite
images, Journal of Aerospace Engineering, 17(1), 20-25. (2004)

[16] Paxton, L.J., J.H. Yee, The role of emerging technologies in imagery for disaster monitoring and
disaster relief assistance, ACTA Astronautica, 52(9-12). 793-802. (2003)

[17] Bhattacharyya N., Ray Jr. H., Design of an embedded receiver for satellite - Based real time voice
and data messaging for efficient disaster management, IEEE Region 10 Annual International Conference,
Proceedings/TENCON, 4, 1414-1418. (2003)



[18] Brandon, W.T., An introduction to disaster communications and information systems, Space
Communications, 18(3-4), 133-138. (2002)

[19] King, J.V., Cospas-Sarsat: An international satellite system for search and rescue, Space
Communications, 139-150. (2002)

[20] Bostian, C.W., S.F. Midkiff, W.M. Kurgan, L.W. Carstensen, D.G. Sweeney, T. Gallagher,
Broadband communications for disaster response, Space Communications, 18(3-4), 167-177. (2002)

[21] Hamilton, J.B., P.S. Anderson, Satellite communications in disaster management: Selected Canadian
systems, Space Communications, 18(3-4), 187-193. (2002)

[22] A. Bradford, L.M. Gomes, M. Sweeting, G. Yuksel, C. Ozkaptan, U. Orlu, BILSAT-1: A low-cost,
agile, earth observation microsatellite for Turkey, ACTA Astronautica, 53(4-10), 761-769. (2003)

[23] Cruiel A.D., A. Wicks, M. Meerman, L. Boland, M. Sweeting, Second generation disaster-
monitoring microsatellite platform, ACTA Astronautica, 51(1-9), 191-197. (2002)

[24] Tobiaa, A., W. Leibrandt, J. Fuchs, A. Egurrola, Small satellites: Enabling operational disaster
management systems, ACTA Astronautica, 46(2-6), 101-109. (2000)

[25] lglseder, H., W. Arensfisher, W. Wolfsberger, Small Satellite Constellations for Disaster Detection
and Monitoring, Natural Hazards: Monitoring and Assessment Using Remote Sensing Technique, (1995)

[26] Ince, A. Nejat, Modeling and Simulation Environment for Satellite and Terrestrial Communication
Networks: Proceedings of the European COST Telecommunications Symposium, Kluwer Academic
Publishers, (2002)

[27] Owen, J., Satellite Global Disaster Alert System Planned,
http://news.nationalgeographic.com/news/2005/01/0124 050124 geoss.html, 24 January 2005.

[28] ESA I-DISCARE, http://www.esa.int/esaTE/SEM5RZ71Y3E_index_0.html, 19 January 2005.




