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PV SOLAR PSEUDO-SATELLITE HIGH POWER SYSTEM FOR
ELECTRICITY GENERATION BY
MICROWAVE-BEAMING TRANSMISSION IN DISASTER AREAS
Arie Lavie

Professor NYIT-New York Institute of Technology and President CTI-Creative Technologies Israel

E-mail; arlavie@zahav.net.il
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Abstract

One of the key technologies throughout the 20th century was the application of radio for telecommunications.
However, radio can be also used for other purposes such as human welfare. Due to a lack of energy supply
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during the next fifty years, Space Solar Power Station (SPS) could help solve the problem. Microwave
wireless power transmission (MPT) is a promising technique for the long term power supply for places
where it is difficult to install power transmission lines, including disaster areas This article deals with a “PV
Solar Pseudo-Satellite Power Station” concept to be developed, validated and demonstrated as a
“predominant demonstration component” by transferring the absorbed in the sky PV (Photovoltaic) power to
a terrestrial end-user by microwave beaming wireless transmission, including electricity supply to end-users
in disaster areas. The PV MICROBEAMING concept is going beyond existing state-of-the-art at world level.
It has potential for wider commercial and urgency exploitation by using solar PV energy transmission to
disaster areas and innovative elements to utilize the “multiple benefits of PV system” that adds an extra
cost-effective use of available PV power absorbed in the sky.

1. Introduction
M ICROWAVE WIRELESS POWER TRANSMISSION - ACTIVITIES IN THE WORLD

Over the last two decades, there has been a substantial amount of work around the world, in the USA, Japan,
Russia, Canada, Germany, and France on microwave wireless power transmission.

US Activities

In the United States an important milestone in the history of microwave power transmission was the
three-year study program called the NASA/DOE Satellite Power System Concept Development and
Evaluation Program or NASA/DOE reference model, started in 1978. The next program was published in
1997 as an improved SPS reference system, called the Fresh-Look-SPS concepts as the Sun Tower SPS
concept which was one of their new models. In 1998 SSP Concept Def. Study was examined. The SSP
Exploratory Research and Technology (SERT) program was examined in 2000, and in 2004 SSP Concept &
Technology Maturation (SCTM) program has been pursued by NASA.

European Activities

A Sail Tower SPS was proposed by Europeans in 2001 The characteristics of the European Sail Tower SPS
are shown in the following table. In 2005 a point to point wireless power transmission system was examined
to deliver 10 kW of electricity power to a small isolated village in Reunion Island, France

CHARACTERISTICS OF THE EUROPEAN SAIL TOWER SPS

Frequency 2.45 GHz
SPS Tx Power 400 MW
SPS Tx Antenna (radius) 510 m
Orbit GEO

Final number of SPS 1870
Receiving antenna site:

Final number 103
Antenna size 11x 14
Site including safety zone 27 x 30 km
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Power delivered per SPS 275 MW
SPS tower

Length: 15 km
Electricity prod. 450 MW

The largest application of the WPT via microwave is a Space Solar Power Satellite (SPS). The typical
parameters of retro directive space and ground SPS system are shown in the following tables respectively.

TYPICAL PARAMETERS FOR RETRODIRECTIVE SPS SYSTEM

SPS orbit GEO (36,000
km)
Frequency 5.8 GHz
Antenna diameter 2.580 m
Power transmitted to earth | 1340
Total/one element MW/0.175 W

TYPICAL PARAMETERS FOR RETRODIRECTIVE GROUND STATION SYSTEM

Signal power (Pt) 1 KW (60
dBm)

EIRP 114 dBm

Free space loss (36,000 km) 199 dB

Antenna gain Gt (D=10m, | 54 dBi

n=0.7)

SPS transmitter -80 dBm

antennaelement received power

(Pr)

SPS  transmitter  antenna | 6 dBi

element gain Gr (circular

microstrip antenna)

Atmospheric loss 1dB

PV MICROBEAMING

State of the art

The great advantage of a photovoltaic (PV) system is to be able to supply electrical energy to isolated and
inaccessible areas with low resources and also as a business opportunity as a small scale energy supplier.

Normally they are composed by photovoltaic modules, inverters, charge regulators, energy storage system
and all the necessary electrical (fuses, breakers, plugs, switches), the power surplus is stores and can be sold
to the local energy supplier if the installation fits the legal standards.
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Photovoltaic system

A few advantages and disadvantages of solar power:
Advantages

* The 89 petawatts of sunlight reaching the earth's surface is plentiful - almost 6,000 times more - compared
to the 15 terawatts of average power consumed by humans. Additionally, solar electric generation has the
highest power density (global mean of 170 W/m=famong renewable energies.

* Solar power is pollution free during use.

* Facilities can operate with little maintenance or intervention after initial setup.

* Solar electric generation is economically superior where grid connection or fuel transport
is difficult, costly or impossible.

* Once the initial capital cost of building a solar power plant has been spent, operating
costs are extremely low compared to existing power technologies.

Disadvantages

* Solar electricity is often more expensive than electricity generated by other sources.

* Solar electricity is not available at night and is less available in cloudy weather conditions.
* Limited power density

* Solar cells produce DC which must be converted to AC

The article objectives are:

1.Analyse and define PV MICROBEAMING operational and performance specifications.
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2.Analyse and define technical specifications to demonstrate new PV Solar Pseudo-Satellite Power Station,
based on long endurance High Altitude Platform (HAP) absorbing PV energy in the sky.

3.Analyse and define technical specifications for developing wireless energy transmission of a PV Solar
Power Ground Station, including PV concentrated solar power, to be transmitted through smart microwave
beaming energy networks based on HAPS, to places where it is difficult to install power transmission lines.

4.Analyse an alternative SATCOM application during night time for the pseudo-satellite power station, and a
hybrid electricity generation application in night time for the PV solar ground station.

5.Conclude and propose feasibility of PV MICROBEAMING technology by conducting field-tests with
test-benches to microwave beaming transmission of PV solar power to airship, and vice versa, propose a test
of microwave beaming transmission of PV solar power from airship to ground customer as following
described.

2. Scientific and technical quality

2.1 Concept and objectives
Proposed objectives

This article tends to provide major scientific breakthrough for high risky/high impact long term emerging
concept to analyse and to determine the feasibility terms and conditions for new technology field of an
efficient wireless transmission of improved PV energies by a high power Microwave-Beaming technology,
from the level of today state-of-the-art of few Kilowatts to the level of Megawatts in the future. Applications
of high power transmission could be in the field of electricity generating system by PV and other alternative
energies produced in an optimal improved way at specific sites (Solar energy, Hydrogen energy, Wind
energy, etc.) to power plant allocated at long distances. Such applications would provide better exploitation
of improved alternative energies and impose societal economic impact. Today only a small fraction of PV
Solar/Alternative energy sources are exploited due to lack of useful wireless power transmission from the
site where energy is optimally generated to specific user and customer. Other uses of this high power PV
technology are in PV MICROBEAMING power transmissions to charge energy accumulating devices placed
in areas nearby ground PV power stations to provide electricity demands during night in absence of solar
radiation. Such combination of using in parallel the PV power absorbed in sky may lead to a dramatic
reduction of PV electricity generated cost, even below the today lowest cost of EUR 0.25/ kwh provided to
customers.

Corresponding objectives

In this article the concept of microwave beaming transmission of PV high power generated by an improved
ground (possibly regenerative fuel cell) solar station to HAP1 (High Altitude Platform1), and then to a very
long distance hovering HAP2 (High Altitude Platform2) at thousands km from HAP1, and then to ground
power distribution station to various customers, is investigated and demonstrated. Such way of transmission
of PV/alternative energies to isolated or to regions absent of electricity generation infrastructure, would
provide abundant, clean, secure and affordable energy to any customer achieving substantial reduction of

green house gas emissions too. In the following figures an illustrative description of the concept is presented.
9
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Recently, research works being conducted in NYIT New York Institute of Technology (Final report Nr
993/41349-01 December 2007,new US DOE PEO EIS contract W157-D-E407/0009-0005,2008) in
co-operation with Japanese Research Institute show significant progress in the development of “High Power
Microwave-Beaming Technology” including new high power source in the GHz range and new transmit
antennas design. In this article a scientific challenge justification will be given for long term PV
MICROBEAMING research of foundational nature based on laboratory experiments and on
field-air-field-tests of proposed test-bench operating at 94 GHz frequency and transmitting 20W/ 20KW
power to measure an overall PV transmit/absorbed energy significantly improved efficiency to order of
25%-30%. The proposed tests to be conducted will approve the feasibility and effectiveness of the PV
MICROBEAMING concept/technology in the new field of wireless point-to-point power transmission of
improved PV/alternative energies generated in an optimal way.

2.2 Relevance to the objectives of the article
RENEWABLE ELECTRICITY GENERATION

Research into, development and demonstration of integrated technologies for electricity production from
renewables, suited to different regional conditions where sufficient economic and technical potential can be
identified, in order to provide the means to raise substantially the share of renewable electricity production in
the EU. Research should increase overall conversion efficiency, cost efficiency, significantly drive down the
cost of electricity production from indigenous renewable energy resources including biodegradable fraction
of waste, enhance process reliability and further reduce the environmental impact and eliminate existing
obstacles. Emphasis will be on photovoltaics, wind and biomass including CHP. Furthermore, research will
aim at realizing the full potential of other proposed sources of renewable electricity: geothermal, solar
thermal power (i.e. Concentrating Solar Power or CSP), ocean (e.g. wave, tidal power) and hydropower.
Policy context: this activity would facilitate the actual implementation of the “Directive on the promotion of
electricity produced from renewable energy sources in the internal electricity market (2001/77/EC, O.J. L283,
2./10.2001)” as well as its revision and medium-term application.

CONTRIBUTION TO THE ENERGY POLICY OBJECTIVES

Research into, development and demonstration of integrated technologies for electricity production from
renewables, suited to different regional conditions where sufficient economic and technical potential can be
identified, in order to provide the means to raise substantially the share of renewable electricity production in
EU. Research should increase overall conversion efficiency, cost efficiency, significantly drive down the
cost. Emphasis will be on photovoltaics and other sources of renewable electricity including geothermal,
solar thermal power (i.e. Concentrating Solar Power or CSP), etc.

PV MICROBEAMING photovoltaic solar cell integration

Currently the PV solar cell market is manly dependent on large area polycrystalline silicon solar cells built
on top a typical glass substrate with an epoxy resin protection covering/coating, making the technology and
the solar cell panels very expensive and, in some cases, impracticable for integration onto/into smaller and
flexible structures. Recently, with the development brought by amorphous silicon solar cell technology,
flexible solar cells built on top polymeric substrates are becoming a viable option for integrating solar cells

10
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onto/into structures that require light-weight and flexibility. However, amorphous silicon solar cells still need
to overcome some difficulties, such as the efficiency, durability and unit cost in order to become a viable
option.Several research works are focusing on achieving an upgrade in durability and efficiency by
introducing new protective and anti-reflective coatings atop the solar cell structure. New technologies are
proving that new materials, new multi-layer structures and surface treatments may be the answer to increase
both durability and efficiency.Multi-layer anti-reflective coatings of metallic oxides (5),alloys (2), DLC
coatings (7,8)&polymeric (9,10) coatings are proving to be the most promising approaches; results show
clear improvements in efficiency (up to 40% improvement) and in durability of the solar cell.

PV MICROBEAMING transmission of photovoltaic generated power

Regarding the microwave-beaming transmission of PV generated power and based on previous research
applications, a scope of work, budget and preliminary schedule is presented in this article for an
experimental demonstration and assessment of the possibility of using electromagnetic (EM) beamed power
for wireless efficient power transmission applications of PV alternative energies for civilian needs, but also
for security need to defeat objects of threat that are located at large distance from the emitter/transmitter
antenna. Such system could basically be researched to impair transfer of PV power to be absorbed at the
receiver/RECTENNA and used by an absorbing device as self generated energy, but to not permanently
harm human beings, and that are classified as non-lethal wireless transmission (NLWT) devices.The use of
focused electromagnetic beams for the efficient,wireless transmission of PV energy from one point to
another is an important area of fundamental research challenge aiming to solve hard problems beyond the
present state-of-the-art technology in the sector. The frequency of operation for such systems (including
development of power source for given frequency and development of efficient antenna/RECTENNA array)
is a crucial research choice:

1. In order to avoid the effects of atmospheric attenuation, frequencies below approximately 6 GHz must be
used. For example, at the ISM frequencies 2.45 GHz, the atmosphere is practically transparent even under
conditions of high humidity and rain. However at this frequency, the dimensions for the required transmit
and receive antennas would be in the range of 50 meters. Antennas dimensions as such would be
prohibitively expensive if constructed as continuous rigid structure. It is proposed to research the use of
arrays of non-uniformly spaced, relatively small antenna elements to achieve the required electromagnetic
focusing, refs. (6, 7). Such antenna arrays would be lighter, mobile and far less expensive to build than a
single large, continuous, rigid antenna structure.

2. At altitudes above the earth’s atmosphere, and beyond to outer Space, electromagnetic frequencies of 10
GHz and higher can propagate without experiencing atmospheric absorption. Also, for short distances of 1 to
2 km or less, the effects of atmospheric absorption are not excessive. For example, at 94 GHz, the
attenuation through dry air for a distance of 1 km is approximately 0.1 dB. (The attenuation at this frequency
would increase sharply under conditions of high humidity and rain.) The diameter and weight of antenna
structures required for efficient beam focusing is inversely proportional to the frequency of operation. At 94
GHZ a transmit antenna diameter of 2.5 m would have electromagnetic focusing properties equivalent to that
of a transmit antenna diameter of 100 m at 2.5 GHz. At frequencies in the range of 94 GHz, called the
millimeter range, development of a rectenna, the integrated receive antenna, and power rectification system
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presents a very difficult challenge. The rectenna must provide efficient conversion of the incident high
frequency electromagnetic energy to a usable DC power source. Efficient rectenna performance has been
achieved at microwave frequencies (e.g. 2.45 GHz) but not yet in the high millimeter range (e.g. 94 GHz). It
is proposed to demonstrate the use of specialized array synthesis algorithm, ref.(11, 12),to achieve efficiently
performing rectenna at 94 GHz.

In many cases, the terms microwaves are used interchangeably with the term EM waves. Three important
factors to be characterized in these research systems: a) Their power levels, b) The spectrum of frequencies
used and c) The waveform time dependence of the emissions. With respect to power, levels < 2 kW are
generally classified as low power electromagnetics (LPEM) with levels up to tens of megawatts (MW)
designated as high power electromagnetics (HPEM). The spectrum emitted can range from single
frequency operations, all the way to ultra wide band (UWB) operations in which energy is emitted with a
spectrum ranging from hundreds of MHz to 4-5 GHz (see ref. 7). The goals of this article in general will be:a)
Analyze NLWT technologies in accord with the definition of mission requirements.b) Develop specialized
simulation software for NLWT computer experimentation and performance evaluation. ¢) Research, develop
and construct an experimental proof-of-concept NLWT system.With respect to goal a, our effort will focus
on the various levels of system output to assure that the system researched will meet the requirements of the
mission. With regard to goal b, a NLWT simulation software will be based on development of specialized
EM computational software packages. With regard to the main implementation goal c, it is proposed to
research full-scale system operating at 94GHz/20kW (average)-100kW (peak) starting with a scaled
experiment at 94GHz/20W that will be used to evaluate key parameters of the full-sized system, to achieve
an overall transmitted/absorbed power efficiency of 25%-30% with compare to hardly acceptable few
percent efficiency of the today state-of-the-art technology. The concept for such test arises from the need to
assess feasibility of using micro-wave beaming system to wireless power transmission of alternative energy.
To do so one of the key metrics is to measure the power density at the receiving antenna, rectenna
instrumented to determine, among other variables, both the average and peak power densities. Preliminary
estimates indicate that for the full scale 20 KW beamed power case, with the target allocated at about 200m
from beaming source, the values are approximately 100 KW/m? (average) and 500 K\W/m? (peak). Scaling
the beamed power to 20W (which is the case in this project) indicates that in the proposed test we may see
about 50 W/m? (5mW/cm?).

3. PV MICROBEAMING Pseudo-Satellite Platforms

3.1 Description of Platforms
HAA BERKUT GLOBAL HAWK HALE UAV  Global Observer HALE UAV

AV Global Observer
[production configuration)

12
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Lockheed-Martin HAA X -STATION

== == GEO Satellite: 36,000km

BT <o Satlit: 500km

a) The HAA Berkut is a solar powered airship capable to keep its position over a certain place on a 20 - 23
km altitude. The Berkut can carry up to 1200 kg of various communication and surveillance equipment
and supply it with electrical power. Geostationary performance (station keeping) enables to provide
various communications, broadcasting and observation services to the territory of more than one million
square kilometers.

b) The Global Observer USA NASA/AeroVironment stratospheric UAV, presented in the picture below
flies today for one week endurance at altitude of 20 km (with liquid Hydrogen), carrying payloads of
35-100 kg mainly for telecom and remote sensing. By year 2008 Global Observer will fly for one month
with solar/regenerative fuel cell propulsion and payloads of 400 kg.

c) The Lockheed-Martin stratospheric airship, presented in the picture below, will be available by year
2009 for 1 month endurance to fly in a quasi-geo stationary position for persistent on station-keeping as a
telecommunications relay, a weather observer, or surveillance platform, and will be able to carry payloads
of 1000 kg upon customer requirements.

d) The ATG StratSat stratospheric airship, similar to the Lockheed-Martin one developed mainly for
communications applications to be available by year 2010.ATG claims to negotiate with the Malaysia
Government to deliver 5 StratSat airships above the country, including islands in the Indian Ocean, and
to deploy “Telecommunication Backhaul in the Sky” to compensate with the luck of terrestrial

infrastructure.

e) The GLOBAL HAWK,RQ-4A is high altitude, long endurance unmanned aerial reconnaissance system
designed to provide high resolution, near- real-time imagery of large geographical areas. Advanced
technology sensors, a range greater than halfway around the world and the ability to remain in flight for
long periods of time, enables the Global Hawk to provide surveillance and intelligence data. The new
version of the Global Hawk will perform more than 50 hours endurance flight, 65,000 ft altitude and
16,000 nautical miles range.

f) The StratXX LTA Platforms

The X-Station (from StratXX AG) is a LTA platform, developed in Switzerland by the company
StratXX AG. Such platform has several unique innovative aspects, leading to high competitiveness in

terms of mission profile, payload transportation, system safety, low cost for production ad operation. The
13
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X-Station 100 concept shows an ultralight lifting body, resistant to the harsh thermal environment of the
lower stratosphere, and a so-called Payload Plane, being connected underneath the LB, and containing all
the electronics, propulsive system, Electric Power System, etc.

The PhoeniXX(from StratXX AG) is a LTA all weather platform, developed in Switzerland by the

company StratXX AG. Such platform has several unique innovative aspects, leading to high
competitiveness in terms of mission profile, payload transportation, system safety, low cost for
production ad operation.

g) The BOEING VULTURE Ultra-Long-Endurance Aircraft

Boeing has received a $3.8
million Defense Advanced
Research  Projects Agency
contract for Phase 1 of the
Vulture program. Vulture is
an ultra-long-endurance
aircraft that could stay aloft
for several years and serve as
a pseudo-satellite system. The
yearlong Phase 1 covers
conceptual system definition,
and formal reliability and
mission  success  analysis,
concluding with a System
Requirements Review. It also requires conceptual designs for sub- and full-scale demonstrators.

3.2 Progress beyond the State-of-the-Art

The DoubleSun ® technology, developed by the R&D group at WS Energia, combines the benefits of solar
concentration, provided through flat metallic mirros, with the benefits of solar tracking systems, provided by
state of the art solar trackers.

The HELIOTS® products (series based on the DoubleSun tech platform) includes, mirrors, solar tracking
system, linear motor and electronic system control. The elements are all produced using fisrt-class material:
galvanized steel, zn-coated - UV and outdoor resistant aluminium for the mirrors, polycarbonate " bullet
proof” panels for the mirrors support and stainless steel for the modules clips. The tracking elctronics uses
sensors to detect the inclination of the trackers and to automaticly adjust it to the best angle.

HELIOTS® system with DoubleSun® technology, increase up to 160% the energy produced by photovoltaic
solar modules. The high efficiency Si-mono cristalline panels have 20 years warranty over the power levels.
3.3 Applications of PV solar power by energy wireless transmission

Photovoltaic system — Solar energy generation

14
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Solar cells that are resistant to environment at those altitudes must be thin, flexible and light and can be
easily fixed to the surface of the aircraft wingspan. Of course these solar cells must be coupled with another
power system for night operations: this could be with fuel cells or batteries.

The traditional solar cell is a single crystal semi-conductor deposited onto glass, which is efficient but heavy
and expensive.At 22 km altitude, the solar power is over 1 kW/m=2With a 8% efficiency for the solar array,
that is translated into 80 W electricity per m=2For an airship with total surface that could reach 25-30.000 m=
only a small percentage of the surface needs to be covered with solar cells as the required daytime required
power should be something like 400 kW (of which 15 for the payload). For aircraft applications a different
consideration should be assumed as explained later.

The lenticular shape offers for the solar cells some advantages. Even if using solar energy as the primary
source of power is accepted as a reasonable approach,several aspects have to be kept in mind looking in
some more level of detail.

Alternative solutions for use of solar energy

What is sometimes referred as the “Regenerative Fuel Cell (RFC)” for use at night is certainly an attractive
future solution. In the day, the airship drives its propellers and the payload with the solar arrays and uses the
surplus power to electrolyse at-night-fuel-cell-produced water into hydrogen and oxygen. At night, the RFCs
generate power through the reaction of these gases.

Plataforma Solar de Almeria

In the province of Almeria in southeast Spain, on the edge of Tabernas
Desert, lies the Plataforma Solar de Almeria (PSA). On this
over-250-acre site, the full force of the Andalusian sun has been
exploited since 1980 for the testing and optimisation of a variety of
high-temperature solar technologies under nearly practicable conditions.
More than 20,000 square metres of mirrors of various shapes in
different test facilities concentrate the direct solar radiation to generate
high and extremely high temperatures. These facilities in the middle of
a barren landscape, some of which seem to have come from the future,
make up the largest test centre in Europe for concentrating
high-temperature solar technologies - and one which leads the world in its variety.

Plataforma Solar de Almeria

4. PV solar pseudo-satellite for renewable electricity generation

4.1 High Altitude Airship ' Berkut **

Application of the High Altitude Airship Berkut Our High Altitude Airship (HAA) Berkut is a unique
combination of lighter - than - air and space technologies, a cost effective alternative communication and
earth observation.The HAA Berkut is a solar powered airship capable to keep its position over a certain place
on a 20 - 23 km altitude. The Berkut can carry up to 1200 kg of various communication and surveillance
equipment and supply it with electrical power. Geostationary performance (station keeping) enables to

provide various communications, broadcasting and observation services to the territory of more than one
15
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million square kilometers. It covers any large metropolitan areas and such countries as France or United
Kingdom! Unlike geostationary satellites, the HAA allows to repair, upgrade or replace the equipment every
3 - 4 months while the airship perform service landing. This stratospheric platform is expected to generate
new earth observations at the local area (highly important for anti terrorism and anti smuggling missions).

4.2 Microwave beamed energy for solar power wireless transmission

This article tends to provide major scientific breakthrough for risky long term research aiming to determine
feasibility conditions for new emerging field of efficient wireless high power transmission by
Microwave-Beaming (MICROBIMING) technology, from a level of today few Watts to a level of MWatts.
Applications of high power transmission could be in the generation of Alternative Energies produced in
optimal way at specific site (Solar energy, Wind energy, etc) to power plant allocated at long distance. Such
applications would provide better exploitation of alternative energies and provide societal impacts. Today
only small fraction of the Alternative energy sources are exploited due to lack of useful transmission from
site where energy could be optimally generated to specific user.Other uses of PV MICROBIMING
technology are in the power transmissions to charge battery placed in remote site or in airborne platform.
Recently research work conducted in Canada Japan and NASA (NYIT FR No 993/41349-01) show a big
progress in the development of PV MICROBIMING technology including new high power sources and new
transmit antennas. In this article scientific justification will be given for long term PV MICROBIMING
research of foundational nature based on laboratory and proposed field-test-bench tests to be done, operating
at 94GHz frequency and transmitting 20W/ 20KW power to measure overall transmit/ absorbed improved
25%-30% efficiency.

MICROWAVE POWER TRANSMISSION AND ITS APPLICATION

A block diagram of the microwave wireless power transmission demonstration components is shown in Fig.
3. The primary components include a microwave source, a transmitting antenna, and a receiving rectenna. A
combination of an antenna and a rectifying circuit is a rectenna. The antenna receives electromagnetic power
and the rectifying circuit converts it to electric power. The microwave source consists of a electron tubes
(Klystron, TWT or microwave oven magnetron) or solid state devices (GaAs MESFET, GaN pHEMT, SiC
MESFET, AIGaN/GaN HFET, and InGaAs) with electronics to control the output power. A
coax-towaveguide adapter is connected to a waveguide ferrite circulator which protects the microwave
source from reflected power. In order to match the waveguide impedance to the antenna input impedance the
circulator is connected to a tuning waveguide section. The slotted waveguide antenna, parabolic dish, and
microstrip patch are most popular type of tx antennas. Due to high aperture efficiency (95%) and high power
handling capability, the slotted waveguide antenna is an ideal antenna for power transmission.
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The typical parameters of the transmitting antenna for the SPS are shown in Table II. A rectenna which was

invented by W. C. Brown in 1960’s (21) is composed of a rectifying circuit and antenna. A rectenna is

passive element with a rectifying diode (Si or Ty Slofied WG

GaAs Schottky barrier, SiC and GaN) and low e Antenna
pass filter between the antenna (dipole, YagiUda, o ' @ —
microstrip or parabolic dish) and the rectifying — WG wcalitar

Power

diode to suppress re-radiation of higher Source
harmonics for absorbing transmitted microwave
energy from a transmitter and converting it into

: LPF for DC Fundamenta :
direct current (DC) power. The first rectenna : I—d“' ” I
was composed of 28 half-wave dipoles c LT !

Free space

LPF for Rx Antenna

terminated in a bridge rectifier using [ Gahs Schotlky

point-contact semiconductor diodes. Later, the

point contact semiconductor diodes were Fig:3. Block diagrarm of e misromavelwitéléss power transpiksion
replaced by silicon Schottky-barrier diodes system

which raised the microwave-to-DC conversion

efficiency from 40 % to 84 %, the efficiency being defined as the ratio of DC output to microwave power
absorbed by the rectenna. In the demonstration of microwave power transmission at the Jet Propulsion
Laboratory (JPL) Goldstone Facility in 1975, an efficiency of 84 % was obtained and power of 30 kW was
successfully transferred from the transmitting large parabolic antenna dish to the distant rectenna site over a
distance of 1.6 km at the 2.5 GHz band.

— T =

Rectenna

PV MICROBEAMING PSEUDO-SATELLITE
PLATFORM TECHNOLOGY

Until the moment most of the similar airships only have a type of
renewable energy, in most cases solar power connected to a battery
system that feeds the systems during the night, but these batteries groups
are very heavy and don’t have a very high life span

There are other models that use solar and wind power, but still require
the batteries groups. But some more recently developed models already have two locomotion systems, and
electrical engine that runs with the solar power and a hydrogen engine as a backup system, but this vessels
have no hydrogen production capabilities. These type of vehicles are being used mainly for communication
and observation missions, a much more limited vision and usefulness.

When there is a MICROBEAMING station in a functional range the airship can feed and/or receive power
to\from the station thru the Antennas\Rectennas. During this micro wave docking, the ship can restore the
power to the backup batteries and produce hydrogen until the tank is full. But the Station can be installed in a
remote location in order to supply energy to specific clients (populations, remote observatory, other vessels)
and also communications services; the station in this case must have the capability to distribute the electrical
energy to the clients. When a station supplies energy it should have a power station attached, for example a
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PV system similar to the one installed on the airship, but with more capability if necessary. The ship must
have also a system the converts the micro wave into electrical power, and the other way around also.

4.3 High Altitude Platform Stations

StratXX's 'High Altitude Platform Station (HAPS) technology allows payload equipment to be lifted and
maintained in the environment prevailing at high altitudes (low temperature, low air density, high radiation).
The concept combines modules that are relatively inexpensive to produce, assemble and operate. The
X-Station is unique due to its innovative design, rapid deployment-redeployment characteristics,
upgradeability and modular design. The technology is packaged in a simple, modular and upgradeable
product range. The X-Station will be made from super-strength and super-light materials. With this novel
technology developed by StratXX, our clients can communicate with a fixed "on station" platform 21
kilometers above the Earth.

= == GEO Satellite: 36,000km

Y CS,BC? LEO Satellite: 500km

il civil aviation: 12km
Jet Stream: 10km

Possible Applications: Communications; Crisis and disaster management; Security and border control;
Monitoring / protection of critical infrastructures; Laser detection technology

HAP 1 Schematic

PV cells i
2¢

&

Antenna

Microwave PV Power Station

y

PV MICROBEAMING SYSTEM BASED ON MICROWAVE BEAMED ENERGY

Based on international power beaming experiences like the Canadian “SHARP” and the Japanese “MILAX”
projects, the NASA survey to transmit energy from a satellite to a rectenna on land, a scope of work for the
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proposed entirely innovative basic research project is presented for experimental assessment of possibility of
using at European scale an Electro Magnetic (EM) beamed power for efficient high Wireless Power
Transmission (WPT) for civilian needs at European level, but also for security needs to defeat objects of
threat located at large distances. PV MICROBIMING system could be basically researched to impair transfer
of power to be absorbed at the receiver/rectenna and used by the absorber as self generated energy (or to
defeat electronic equipment), but to not harm human beings, and that are classified as Non-Lethal Wireless
Transmission (NLWT) devices.

The use of focused EM beams for the efficient, wireless transmission of energy from one point to another is
an important area of fundamental research challenge aiming to solve hard problems beyond the present
state-of-the-art technology in the sector. Frequency of operation for such systems (including development of
power source for given frequency and of an efficient antenna /rectenna array) is a crucial research topic in
this article:

1. In order to avoid effects of atmospheric attenuation, frequencies below approximately 6 GHz are desirable
to be used. At 2.45 GHz, the atmosphere is practically transparent even under conditions of high humidity
and rain. However at this frequency, the dimensions for the required transmit and receive antennas would be
100 meters or greater, and prohibitively expensive if constructed as continuous rigid structure.

2.At altitudes above the earth’s atmosphere EM frequencies of 10 GHz and higher can propagate without
experiencing atmospheric absorption. For short distances of 1-2 km or less, the effects of atmospheric
absorption are not excessive. At 94 GHz the attenuation through dry air for distance of 1 km is
approximately 0.1dB.The size/weight of antenna structures required for efficient beam focusing is inversely
proportional to the frequency of operation. At 94 GHZ a transmit antenna of 2.5 m diameter would have EM
focusing properties equivalent to that of transmit antenna of 100 m diameter at 2.5 GHz. At frequencies in
the range of 94 GHz, called the millimeter range, the development of integrated receive antenna, and power
rectification system to be done in this project presents a very difficult challenge.

In this article 3 important factors should be characterized regarding WPT systems: a) their power levels; b)
the spectrum of frequencies used and c) the waveform time dependence of the emissions. The goals in this
article in general will be: a) Analyse NLWT technology in accord with use requirements; b) Analyse
specialized simulation software for NLWT computer tests and performance evaluation; c) Research, develop
and construct an experimental proof-of-concept NLWT system. With respect to goal a, our effort will focus
on the various levels of system output to assure that the system researched will meet user requirements. With
regard to goal b, a NLWT simulation software will be based on development of specialized EM
computational software packages. With regard to the main implementation goal c, it is proposed to research
full-scale system operating at 94GHz/20kW(average)-100kW (peak) starting with a scaled experiment at
94GHz/20W that will be used to evaluate key parameters of the full-sized system, to achieve an overall
transmitted/absorbed power efficiency of 25%-30% with compare to hardly acceptable few percent
efficiency of the today state-of-the-art technology. The research will be based on novel approach by utilizing
laboratory developed components of power source and the emitter/ receiver in order to achieve required
performance and efficiency at minimum project cost. The concept for such test arises from the need to assess
feasibility of using micro-wave beaming system to WPT. To do so one of the key metrics is to measure the
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power density at the receiving antenna, rectenna instrumented to determine, among other variables, both the
average and peak power densities. Preliminary estimates for full scale 20Kw beamed power case, with the
target allocated at about 200m from beaming source, the values are 100KW/m? (average) and 500 KW /m?
(peak). Scaling the beamed power to 20W that is in the proposed test we may see 50W/m?,

The PV MICROBIMING foundational research challenge is to account for the matrix of design parameters
performance indexes and cost factors in order to determine in long run development of optimum European
WHT system. The article attempts to establish: 1) Recommended operational frequency; 2) Transmitting
antenna size and design concept; 3) Rectenna specifications and design concept; 4) Power conditioning and
charging circuit design concept; 5) Microwave sources suitable for WPT; 6) Radiation hazard protection
subsystem; 6) Conduct a proof-of-concept laboratory experiments and field tests using microwave beams at
94GHz frequency to wirelessly supply power to potential user’s absorbing device.

This article suggests a development and an operation of a scaled low power laboratory experiment and
field-tests of a set-up at 94GHz that will be used to evaluate key parameters of a potential high WPT system.
Beam power density is an important factor in terms of rectenna efficiency and radiation hazard. Assuming
that the transmitter antenna has the proper beam pointing angle and range focusing, the power density
incident at the rectenna is a function of transmitter power, transmitter antenna aperture size and range. In this
project a transmitting power of 20W will be experimented in the laboratory at 10 m distanced rectenna, and
field tests of a test-bench set-up will be conducted at 1 km distance of the rectenna, to measure its power
density (predicted to be 37 W/m? with 20W transmitted power), and perform a measurable extrapolation tol
KW transmitted power (rectenna power density of 1.6 KW/m?), and to 20 KW transmitted power as well. An
important measuring will be done to estimate the overall WPT system efficiency transmitted/ absorbed
power hopefully to show a significant improvement of reaching 25%-30% efficiency. This aerticle is
challenging and entails issues of basic science and technology. But there are also scientific and technological
risks due to many uncertainties suggesting that the article may not achieve the goals set this effort. These
resides in the nature of microwave power beaming itself and the selected frequency for the proposed
experiments, including: 1) Efficiency dependence on temperature and rectenna size; 2) Scaling problems and
low efficiency of process; 3) Complexity of working at desired frequency; 4) Electromagnetic compatibility
and thermal balance (heat accumulation and dissipation); 5) Beam pattern control, focus and shape.

Description of potential applications: Wireless Power Transmission ground to aircraft

As an example of prospective scientific challenging application of PV MICROBIMING is the following high
power PV MICROBIMING transmission ground to high altitude (10-20 km) long endurance (month) aircraft
or airship propelled during day time by using absorbed sun light power and during night time by using PV
MICROBEAMING received power. Such HAP-High Altitude Platform hovering at altitude of 10-20 km
above clouds and absorbing during day Sun Light Power by efficient photovoltaic cells, and during night
absorbing power transmitted from ground through a microwave beaming system allowing its narrow beam to
penetrate clouds and fogs at certain frequencies, to rectenna of the HAP. At the present state-of-the-art, the
proposed research project will concentrate on the specifications required for the efficient
microwave-beaming transmission of absorbed energy (see following scheme). Preliminary PV
MICROBEAMING feasibility work carried out so far suggest that if specially designed ground antenna of
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50m in diameter attached to 1MW power source then the absorbed rectenna power Pr having diameter Dr
and absorbed power density Sr at frequencies f will (without atmospheric attenuation) be as follows:

f(GHz) Dr(m) Sr(W/m?) Pr(KW)
2.45 147.0 17 288.4
5.80 62.1 95 287.6
35.0 10.3 3,435 286.1
94.0 2.5 285.6

The smaller antenna would have advantages that might outweigh atmospheric losses. Such important figures
should be covered and tested at 94 GHz by a Test-Bench prototype as described later in the article. Such an
application of power transmission to HAP is a real airborne issue hindering deployment of a HAP.
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Abstract

Romania is regarded as one of the most seismically active countries in Europe; in the Vrancea seismic zone
are occurring 2-3 earthquakes of magnitude M> 7.0 per century, affecting about 2/3 of the Romanian
territory. This area includes the city of Bucharest, considered the most quake vulnerable capital of Europe.

The paper presents the strategy of Ministry of Regional Development and Tourism as responsible central
institution for the development of the seismic risk reduction activity, with reference to the legal framework
improvement, capacity building and effective retrofitting measures through projects and programs, such as:

- Hazard Risk Mitigation and Emergency Preparation Project (HRMEPP) - Component B: Seismic Risk
Reduction Project developed with International support — World Bank financing — for retrofitting of
essential public buildings, the overall objective being to reduce the seismic vulnerability of high priority
technical and social infrastructure through structural strengthening of critical public facilities and lifelines,
which have a paramount role in the emergency response and preparedness system, and those that are
essential for the country’s social functioning during and after a strong quake.

- National Program of Action developed with national funds for retrofitting multistory residential buildings,
an annual program of actions for designing and executing retrofitting works on multi-storey housing
buildings assigned to class | of seismic risk by technical expert’s report and which are a public danger. In
Romania the state is involved to ensure the safety of the old housing stock, by allocating funds from the
state budget for design and works.

1 Project Management Unit for the Hazard Risk Mitigation and Emergency Preparedness Project, Ministry of Regional
Development and Tourism, 38 Dinicu Golescu Boulevard, 010873, Bucharest, Romania, Stela.Petrescu@madrl.ro
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- First-emergency intervention program for vulnerable buildings representing a public danger, the main
objective of this program being mitigation of the danger of immediate collapse of buildings’ elements, for
public facilities or historical monuments.

Introduction

Romania’s hazards portfolio consists of earthquakes, landslides, floods and other meteorological phenomena
as well as various technological hazards. Romania is regarded as one of the most seismically active countries
in Europe. Vulnerability to the seismic risk is due to Romania’s geographical location on the Vrancea zone,
situated along the south-eastern Carpathian arch, which form an ellipse stretching from the North East to the
South West of Romanian territory, including the capital city of Bucharest.

In the Vrancea seismic zone are occurring 2-3 earthquakes of magnitude M> 7.0 per century, affecting about
2/3 of the Romanian territory. Proximity to the Vrancea zone (100-120 km) and poor soils make Bucharest
the Europe’s highest risk capital city and one of the 10 most vulnerable cities in the world.

The vulnerability of the Romanian economy to earthquakes is further exemplified by the following facts:
- over 35 percent of Romanians and 65 percent of all urban population is exposed to seismic hazard,;

- 60-75 percent of fixed assets are located in seismic zones;

- 70-80 percent of GDP is produced in highly seismically prone areas;

- Romanian economic activities are concentrated in and around Bucharest;

- 26% of the buildings were constructed before 1944, and are extremely vulnerable to an earthquake.

Fig. 1 Seismic zoning of Romania’s territory
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Since 1908, 14 earthquakes of magnitude 7 or greater were recorded affecting almost 2 million people and
causing massive economic loss.

The 4 March 1977 earthquake incurred significant losses:

- Human lives:
- 1578 fatalities of which: 1424 in Bucharest and 154 in other areas;
- Injuries: over 11000;

- Damages/ collapsed buildings:
- 33000 housing units destroyed or seriously damaged with 200000 residents homeless;
- 400 schools destroyed and 2000 seriously damaged;
- 11 hospitals destroyed;
- 448 hospitals and health care clinics damaged:;
- 29 tall buildings, over 4 stories, built previous to 1940, collapsed in the centre of Bucharest;

- Economical losses: over US$2 Billion direct losses.

Thesis — Strategy of Ministry of Regional Development and Tourism

The 1977 earthquake served as a catalyst for Romania to begin implementation of seismic risk reduction

measures. Ministry of Regional Development and Tourism (MRDT) is the main authority in the seismic risk

reduction field, and coordinates major actions and measures associated with this field. An important

development of seismic risk reduction measures were motivated by the consequences of the 1977

earthquake:

- Strengthening of the existing vulnerable buildings;

- Improving the legal framework in seismic risk reduction domain;

- Development of engineering studies and revision of several norms and regulations (including
harmonization with Euro codes);

- Permanent upgrading of the seismic monitoring system and increasing the number of stations and sensors;

- Sustained professional training in the risk reduction field.

As a part of the country’s overall effort to diminish the effects of a major seismic event, the Ministry of
Regional Development and Tourism focus its strategy in two main directions:

- Capacity building;

- Implementation of projects/programs.

Capacity Building

The main capacity building measures currently enforced by the MRDT are:

- Permanent upgrading and improving of the legal framework and government support;
- Elaboration and enforcement of new Building Codes;

- Professional training in cost-effective retrofitting methods;

- Educational programs for protection in case of earthquake.

Two building codes were harmonized following the EUROCODE format:
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- P 100-1: Code for Seismic Design with elaboration period between 2002 and 2006 which is in force since
January 1st, 2007, for new buildings;

- P100-3: Code for Assessment and Design of Retrofitting Works for existing buildings, vulnerable to
earthquakes with elaboration period between: 2004 and 2009, in force since January 1st, 2010.

On the capacity building area two normative acts are important as impact on the earthquake risk mitigation:

A. The Government Ordinance No. 20/1994, with its subsequent completions and amendments and the
Methodological Norms, stipulate mainly that: the activity aiming to reduce the seismic risk of constructions
is coordinated, from technical viewpoint, by the MRDT by:

- Promoting the relevant technical regulations;

- Advising form the part of the Specialized Technical Commission within MRDT the technical intervention
solutions for buildings having a vital importance for the society, the integral operation of which must be
secured during and immediately after an earthquake;

- The Technical Commission within MRDT reviews the proposed intervention solutions for the vital
importance buildings;

- The owners liability - to allow the assessment of design and execution of retrofitting works, in order to
increase the seismic safety of the building that they own or manage; such actions are compulsory for
buildings ranked by their assessment report in Class | of seismic risk.

B. The Law No. 460/2001 stipulate exceptional financing facilities regarding the promotion of retrofitting
the multi-storied residential buildings, ranked in first class seismic risk, presenting public danger, by :

- Providing the necessary funds from the MRDT budget in order to reimburse the owners’ expenses;

- The owners have the facility to return the loan advanced from the state budget for the execution of the
retrofitting works in equal monthly installments, without any interest, in a period of up to 25 years from
the reception of the retrofitting works date;

- The owners having a monthly income per family member under the average monthly salary per economy
are exempted from this payment.

Implementation of projects/programs

MRDT has an extensive strategy for seismic hazard prevention which covers all types of public / private
constructions and facilities. Currently three programs for buildings retrofitting are under execution:

1. Hazard Risk Mitigation and Emergency Preparation Project (HRMEPP) - Component B: Seismic Risk
Reduction developed with International support — World Bank financing for retrofitting essential public
buildings;

2. National Program of Action for Retrofitting of Multi-storied Residential Buildings;

3. First-emergency intervention program at vulnerable buildings representing a public danger, the main
objective of this program being mitigation of the collapsing danger of constructions such as high priority
public facilities, considered as historical monuments.
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Financing for the three retrofitting and capacity building programs is assured from various financial

resources: International financing (IBRD loan), Government through state (MRDT) budget, local authorities’

budget and funds of private owners. Prioritization of the buildings subject to retrofitting works was realized

and by the nature of their use is considered as priority:

- Important public buildings (emergency hospitals, educational facilities, universities, emergency and
disaster response facilities, administrative buildings);

- Private buildings (multi-storey residential buildings).

General Presentation of Hazard Risk Mitigation and Emergency Preparedness Project

For preventing the consequences of occurring disasters, the Government of Romania sought for assistance at
the World Bank for the preparation of a comprehensive hazard risk management project on an ex-ante basis,
to be implemented in 5 years.

The preparation of the present project started in September 2004 and was finalized in January 2004; the Loan
Agreement was approved and signed by the parties in May 2004. Romania was the first country in
Europe-Central Asia region requesting WB assistance in preparation of a multi-sector hazard risk mitigation
project on an ex-ante basis.

The overall objective of the Project is to assist the Government of Romania in reducing the financial, social,
environmental and economic vulnerability to natural disasters and water pollution accidents from mining
activities. The Project has 4 Components:

Component A - Strengthening of Emergency Management and Risk Financing Capacity. The objective of
Component A is to enhance the capacity of Romanian authorities to better prepare for, respond to and
recover from natural or man-made disasters, through modernization of information technology and
communication systems, activities which would increase the planning and training efforts of all levels of
government, public awareness and preparedness, and complete technical feasibility work and institutional
framework for launching of the Romanian Catastrophe Insurance Program..

Component B - Earthquake Risk Reduction. The objective of Component B is to reduce the seismic
vulnerability of priority technical and social infrastructure through the retrofitting of key structures and
institutional strengthening.

Component C - Flood and Landslide Risk Reduction. The objective of Component C is to reduce flood risk
and vulnerability in critical areas in Romania, to improve safety of large and small dams so that these
structures can function as designed, and to map and model the risk of landslides in order to reduce loses and
better land use planning.

Component D - Mining Accident Risk Reduction in the Tisza Basin. The objective of Component B is to
reduce the risk of water and soil contamination and loss of human and aquatic life from catastrophic mining
accidental spills or pollutants.

1. HRMEP Project Component B - Earthquake Risk Reduction

Objective: Reducing the seismic vulnerability of priority technical and social infrastructure through the

retrofitting of key structures and institutional strengthening.
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The objective of Component B, to assist the Romanian Government in reducing the seismic vulnerability of
priority technical and social infrastructure was achieved through two directions (5 Sub-components):

A. Capacity Building:

- Sub-component B4: Building Code Review

- Sub-component B5: Professional Training in Cost-effective Retrofitting Methods
- Sub-component B3: Energy Sector Risk Assessment

B. Implementation - Strengthening of High Priority Public Facilities:
- Sub-component B1: Retrofitting Works for High Priority Public Facilities
- Sub-component B2: Design and Supervision

Financial support was assured as follows:

- World Bank Loan: $56.928 million US$;

- Government of Romania Co-financing: $ 16.830 million US$

- Total Component B - Earthquake Risk Reduction 73.758 million USS$;
- Beneficiary Contribution: over $ 100 million US$.

The Beneficiary contribution was necessary for assuring total modernization and upgrading of the
functionality of the objectives, complementary to the retrofitting works.

A. Capacity Building

1. Building Code Review

The process was finalized and was ensured:

- A comprehensive review focusing on applicable EQ design requirements for the P100-3 / Code for
Assessment and Design of Retrofitting Works for Existing Buildings, Vulnerable to Earthquakes;

- Development of a new chapter to introduce innovative retrofitting techniques in the Romanian
engineering practice.

2. Professional training in cost-effective retrofitting methods: this process will be integrated with the
implementation of the P100-3 Code as a related component to support the engineering training. The training
and accreditation program is aimed to assist the design community and their clients (Governmental or private
organizations) in better understanding and applying of the concepts of risk management and cost benefit
analysis.

3. Energy Sector Risk Assessment

The function of energy systems is essential after major earthquake; while considerable effort has been
expended to make an inventory and assess buildings in the Vrancea earthquake zone, no comparable
assessment for critical facilities and equipment in the energy sector production and distribution has been
made. The assessment will be integrated in the overall regional earthquake scenario and will lay the
foundation for follow-up work on promoting the investments needed to address the vulnerabilities in the
energy sector.

B. Implementation - Strengthening of High Priority Public Facilities
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The high priority public facilities are grouped by their type, as shown in Table 1.

Table 1 Type of facilities under Component B

No. TYPE OF FACILITIES NO'. (.)f.
facilities:

1 EMERGENCY AND DISASTER RESPONSE 99
FACILITIES

2 EMERGENCY HEALTH FACILITIES 17

EDUCATIONAL FACILITIES 10

4 ESSENTIAL PUBLIC BUILDINGS 4

TOTAL 53

Implementation Status of Component B:

During 2005 — 2008 by implementing Component B it was envisaged, mainly, a number of approximately
80 important public facilities and the institutional awareness regarding mitigation of earthquake risk.

In 2008, due to the Project’s re-structuring, operated by the World Bank’s Supervising Mission, as the
available funds are enough for cover the accomplishment of only 46 investment objects, for which the
works can be finished till the Project’s ending, the PMU — MDPWH took the necessary steps to ensure
the needed funds for the total implementation of Component B.

During the Government’s Session of June 18, 2008, the Memo for an increase of funds for the Project’s
Component B implementation was approved, by these funds being ensured the retrofitting of 68
buildings.

In August 2008 it was established, together with the Ministry of Economy and Finance, the conditions for
the funds increase from the State Budget. The negotiations with the World Bank were continued in
September. 53 important public facilities were approved; the implementation will be finalized by
December 2011.

On these lines, the promotion of the investment objects within the Project is conditioned by the
amendment of Law 1n0.389 dated September 2004 for the Loan Agreement’s ratification regarding the
Project’s financing, in order to increase the funds allocated from the State Budget for Component B and
the implementation period’s expansion by 2 years.

On December 21, 2009 was issued the Government Decision no. 1515 for approval of the extension of the
HRMEP Project, until December 20, 2011. All 53 important public facilities included under Component
B will be finalized by December 20, 2011.

Current status for retrofitting works: 12 buildings are finalized; 21 buildings under execution, 7 under
bidding process and 13 under designing. Retrofitting works are on-going for 21 objectives, as follows: 9
emergency and disaster response facilities (county administration offices - town halls), 8 healthcare facilities
(emergency hospitals), 3 educational facilities (universities) and 1 high priority public building.

The strengthening methods used in HRMEP project are:
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- Conventional strengthening:
- Introduction of reinforced concrete beams, pillars, shear walls;
- Jacketing of existing foundation and walls;
- Coating with metal elements;
- Replacing the existing wood floor with reinforced concrete or composite floor (concrete fill over metal
deck and steel beams);
- Introduction of the steel frames on the facades (bracing) etc.

- Modern methods:
- Base isolation;
- Energy dissipation system (viscous dampers).

For each facility was assessed the retrofitting solutions, in order to determine the most cost-effective method.
Design and execution engineers benefit from assistance and monitoring of an international consultant, and a
core of Romanian engineers benefit from the transfer of knowledge, mainly for the application of the modern
innovative seismic retrofitting methods.

2. National Program of Action — Multi-storey Residential Buildings

The objective of the National Program of Action developed with national funds for retrofitting multi-storey
residential buildings is to reduce the seismic risk to multi-storey residential buildings, ranked in I seismic
risk class, representing a public danger, state owned or private. The program started in 2001, until now 3600
were subject to seismic assessments and technical expertise, out of which 2636 in Bucharest. Based on the
technical expertise, in the 1% seismic risk class were included 630 buildings, out of which 392 in Bucharest.
The buildings subject to retrofitting works were prioritized and 127 building were established by the
Technical Committee for Seismic Risk Reduction as first emergency for retrofitting, all of them being
constructed before 1940.

The latest improvements of the legal framework:

Government Ordinance N0.20/1994 regarding steps to be taken to mitigate the seismic risk for the existing
buildings was completed and amended by Law No0.195/2007 and republished in the Official Monitory
no.837/2007.

The law includes actions and sanctions against the owners and local authority representatives in order to
speed up the technical survey work and to continue the designing and the retrofitting works of the
multi-storey residential buildings listed in 1 seismic risk class, classified as public hazard:

- ldentification and inventory, by the local administration authority, of the buildings having more than
ground floor + 3 stories, erected prior to year 1978, housing public spaces at the ground floor or at other
levels of the building.

- The requirement of elaborating a technical survey of the resisting structure for the respective buildings.

- Population living in seismic risk areas will be warned by warning boards placed next to the entrance of
the technically surveyed buildings listed in 1* seismic risk class.
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The intervention works design must be terminated within 2 years from receipt of notice regarding the
building’s listing on 1* seismic risk class list.

Termination of retrofitting works within 2 years from the retrofitting design’s finishing.

Local public administration authority will penalize the owners with fines from 1,000 to 3,000 lei in case
of not complying with the obligation to allow the building’s technical survey, the designing and the
execution of retrofitting works at the deadlines established by the law.

Local public administration authorities will be granted the power to enter into the respective residence in
order to carry out the necessary technical survey, design and execution works even against the owners’
refusal.

Local public administration authorities have the right to refund the owner, at his request, with the
residence’s value, thus the owner becoming a tenant of the respective residence for the cases of
insolvency regarding reimbursement of the retrofitting works cost.

Financial incentives consist in:

- Total financing from budgetary allocations of the actions for which the owners, physical entities are
liable, regarding designing and execution of retrofitting works.

- Reimbursement to the owners — physical entities — in monthly installments, without interest, divided
equally along 25 years, of the retrofitting works cost, financed from budgetary allocation; all owners —
physical entities, are exempted from reimbursing the monthly installments if they have net monthly
incomes per family member under the net average salary in Romania.

- Exemption from paying the authorization tax for retrofitting the residential buildings as well as the
architecture works stamp duty.

Current status: as a result of the National Program of Action promoted by the MRDT, implemented through
annual programs approved by the Romanian Government:

The retrofitting works were finalized for 15 residential buildings;
There are ongoing retrofitting works for 9 residential buildings;

Retrofitting design is under preparation for 37 buildings, contracts for works will be soon tendered.

3. First-Emergency Intervention Program in Vulnerable Buildings Representing a Public
Danger

The First-Emergency Intervention Program in Vulnerable Buildings Representing a Public Danger is
dedicated to limit the effects of landslides or remove the danger of immediate collapse of buildings’ elements.
Different types of buildings and facilities are included in this program: social buildings, cultural centers,
housing for low-income people, hospitals, theaters, university, city halls, administrative public buildings,
churches, cathedrals, chapels etc. The program is financed from the MRDT budget, for 2009 was 2.45
million euro.
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Current status: 51 buildings were finalized, 2 buildings in execution phase, 5 buildings under bidding process,
2 buildings with the design finalized and under the process of financing and 3 buildings under designing
process.

Findings and Discussion
The most important findings that can be drawn from Romanian experience:
A. The responsible authorities (in case of Romania is MRDT) have a global approach:

- Promotes a set of comprehensive and high priority measures (revision of the Building Codes, fiscal
deductions for owners, promoting of investment projects and programs for prevention);

- Ensure close coordination between responsible authorities (central and local authorities, contractors
and employers associations, design institutions, universities, law-makers etc.);

- Strengthen the institutional capacity of existing entities (enforcement of the legal framework and
harmonization with EU regulations and standards);

- Closely coordinates the ongoing investment programs to reduce the seismic vulnerability of
infrastructure (ensure the approval and monitoring of all investments in the seismic rehabilitation area
provided by the central and local authorities).

B. The responsible authority (MRDT) has as primary priority to diminish the seismic vulnerability of public
and private buildings. In addition to improving the legislation and the institutional framework which
enhanced the emergency response system, the retrofitting of high priority public facilities and private
residential buildings lead to diminished post earthquake recovery efforts and allows for properly functioning
of Government organizations after an earthquake of high magnitude.

C. The structural retrofitting of public facilities and residential buildings is a key component of the seismic
risk reduction and intense measures are taken to finalize the structural retrofitting to safely protect all
vulnerable buildings and prevent human and economical losses. Structural retrofitting of public buildings is
backed by measures to facilitate and enforce the retrofitting private residential buildings. The private owners
are supported through various measures: providing free of charge structural surveys, penalties for the owners
that do not allow their building to be surveyed, exemption from tax paying for retrofitting works
authorization, financial support for retrofitting works with reimbursement from owners in 25 years of
exemption for reimbursements for low-class income. In this respect, Romania is the only country in the
world that provides the private owners with a great scale package of fiscal facilities for structural retrofitting
of the residential buildings.

D. To prevent is more cost efficient comparing to recovery measures therefore the main focus of MDRT is to
ensure the highest technical and institutional level for the prevention measures. All type of existing buildings,
both public and private, are addressed by the three programs for seismic rehabilitation under execution.
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Abstract

This paper addresses the procedure of strong earthquakes loss assessment following strong earthquakes with
worldwide Extremum system application. The expected loss estimations are accompanied with information
about the effective response and relief measures for strong earthquakes. The examples of the system
application are given. The issues of output reliability are analyzed and ways to increase it are discussed. The
need for coordinated efforts and research on different data bases used for loss estimations at international
level is stressed.

Introduction

Increase in the social losses due to earthquakes is not random phenomenon and mainly dealt with growth of
population, industry, infrastructure in urban and rural areas, which are prone to strong events. The number of
fatalities and injuries may be significantly reduced at the expense of effective response measures just after
the event. In this case the right information about expected damage extant and casualties should be provided
to the right persons in order to make the right decision in time. Such information may be obtained by
simulation the strong earthquake consequences with near real time systems application.

The Extremum system is one of such systems which may be applied at global scale. The first version of the
system assigned for loss assessment due to earthquakes was developed more than 10 years ago by joint
efforts of Civil Defense and Disaster Management Research Institute, Emercom of Russia (VNII GOChS),
Extreme Situation Research Center and Seismological Center of IGE, Russian Academy of Sciences. Long
time experience of its operation within the Council of Europe Partial Agreement on Major Hazards Programs
showed that the reliability of loss estimations strongly depends on accuracy of event parameters
determination by Seismological Surveys, on reliability of the system databases and parameters of simulation
models.

The paper addresses the further development of the Extremum system in order to increase the reliability of
expected damage and casualty assessment due to strong earthquakes in “emergency” mode. The following

3 Extreme Situations Research Center, Yunykh Lenintsev str. 121/5-72, 109439 Moscow, Russian Federation

Email: lar@esrc.ru
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actions are foreseen: to verify the system data bases on population and building stock distribution, to verify
the impact knowledgebase about well documented past events, which will allow to verify the regional
parameters of simulation models used in the system at all stages from estimating shaking intensity to
assessing the damage to different elements at risk. It is also proposed to create the special Web site in
Internet where the weighted alert information from different seismological surveys, which influence greatly
on loss estimations, will be displayed; to make accessible the national seismological survey web sites in the
case of strong events in their countries, as well as to organize the special Web site with information about
thoroughly documented events which may be used for verification Systems for real time damage and losses
assessment.

Short history

The Extremum System and its different versions are assigned for expected damage and loss assessment due
to natural and technological disasters, as well as for identification of effective response measures in the case
of emergency. The first System version was developed as a local one more than 15 years ago by joint efforts
of the Extreme Situations Research Center (ESRC), the Seismological Center of IGE, Russian Academy of
Sciences and organizations belonging to Russian Ministry of Emergency Situations (EMERCOM) within
Russian Federal Programs aimed at safety of population and other elements at risk against natural and
technological disasters. The System has been used for loss assessment due to natural and technological
emergencies, as well as integrated risk estimation and zoning for the Russian Federation territory at different
levels: local, urban, regional, national ones. In 1995 the system was applied for the first estimations of
expected damage and loss in “emergency” mode due to May 28, 1995 Neftegorsk, Russia earthquake.

In 1998 — 2002 the EXTREMUM System was advanced within the framework of the EDRIM Program
(“Electronic Discussions in Risk Managements) of the Open Partial Agreement on the Prevention of,
Protection Against and Organisation of Relief in Major Natural and Technological Disasters, Council of
Europe (EUR-OPA Major Hazards Agreement).

According to the Recommendations of Moscow Seminar on the Contribution to the Decision-Making
Process in Seismic Risk Management: Models for Earthquake Damage Assessment, held in on 29 June — 1
July, 2000, within the framework of the EUR-OPA Major Hazards Agreement since August, 2000 the
System version is used by EMERCOM of Russia in order to provide quick information on expected damage
and casualties assessment of strong earthquakes all over the world.

Since October, 2002 WAPMERR uses another system version, which is called Quakeloss. The Agency was
given by the light and blocked System version as a contribution of ESRC to WAPMERR membership for the
purpose of testing. The Agency issues a loss estimate in collaboration with the Swiss Seismological Service
to the Swiss Corps for Humanitarian Help and OCHA approximately 2 hours after an earthquake occurs.

Since May, 2004 the Geophysical Survey of Russian Academy of Sciences uses the system version for

estimation of expected intensity distribution in “emergency’” mode.

In 2000 — 2003 Extremum family systems’ versions were developed for the Ministries of Emergency
Situations of Armenia and Tajikistan.
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In 2004 the new web version of the System, which is called WebLAT, was developed. After this system
version testing any registered end-users may work on a remote computer in order to estimate the expected
impact in near real time and scenario earthquake consequences using the System default data bases about
population and existing building stock distribution as well their own more detailed data bases.

In 2005-2009 several System version were developed for large industrial cities and administrative regions of
the Russian Federation. These System’s versions are used by the Regional EMERCOM Departments for loss
assessment due to natural and technological emergencies, as well as for integrated risk assessment and

mapping.
Within the framework of the Russian Federal Program ‘“Natural and Technological Risk Reduction and
Management in the Russian Federation up to 2010” the future improvement of the Extremum System

mathematical models and databases is under way for application at different level in the Russian Federation,
as well as the system version assigned for near real time loss assessment due to earthquakes at global scale.

The procedure of Extremum global system implementation and experience

The procedure (Larionov et al., 2003a; Larionov et al., 2003b) of expected damage and loss assessment in
“emergency mode”, using the different system versions, includes:

1. information about the earthquake parameters (origin time, epicenter coordinates, depth, magnitude)
is taken automatically from web-sites of seismological surveys, or received by e-mail messages;

2. computation of expected damage extent, social and economic losses (and, eventually, identification
of the effective response measures);

3. expert review of the results obtained with the help of a knowledgebase about past events;
4. validation of expected consequences estimation;
5. dissemination of messages about expected damage and losses.

The results of computations are usually presented as maps and tables, where estimates of expected number of
fatalities, injuries and homeless are given for the whole stricken area and for each settlement. The
estimations are also given about the requirements in forces and resources needed for rescue and relief
operations. Figures 1 and 2 shows maps with the results of expected damage and loss computations for the
earthquake occurred on 11 October 2008 in Russian Federation. Dots of different size and color show the
settlements in the stricken area; the dot size stands for the number of inhabitants; the dot color tells the
expected “averaged” damage state of the buildings. The maps are of different scale: map on the fig. 1 gives
the general idea about the area where the earthquake was felt. In principal, there was no damage in the
settlements shown by blue color on the map. In the settlements shown by green and yellow colors the
average damage state was “light” (d=1) and “moderate”(d=2), but some buildings survived damage states
“heavy” (d=3) and few even damage states “partial and total collapse” (d=4 and 5). The expected distribution
of building stock, which survived various damage states, for definite settlements are usually given in the
tables (Table 1). The reliability of loss computations in emergency mode depends on many factors (Bonnin
et al., 2002; Bonnin et al., 2004; Frolova et al., 2003a; Frolova et al., 2003b; Frolova et al, 2007; Frolova et
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al., 2009). First of all, it is influenced by error the earthquake parameters determination by Seismological
Surveys. The other factors that contribute to the reliability of output results are databases on elements at risk
and parameters of simulation models used in the Extremum System.

Figure 1. Results of possible loss assessment Figure 2. Results of possible loss assessment
caused by October 11, 2008 earthquake in Russia: caused by October 11, 2008 earthquake in Russia:
dots are settlements in the stricken area; colour of figures show the values of expected shaking

dots shows the average damage state of building intensities

stock (yellow : d=2, green : d=1, blue : no damage)
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At the first stage of loss computations the shaking intensity is simulated (Fig.2). In order to take in to account
the regional peculiarities of attenuation laws the computations are made with usage of various parameters of
macroseismic field obtained by different researcher for the area under study. This information is accumulated
in the knowledgebase of the Extemum system.

Table 1. List of the settlements in the affected area (fragment)

Settlement name lexp Expected | Expected | Portion of buildings survived different Relative
Fatalities injured damage states economic
English Russian d=1 | d=2 d=3 d=4 | d=5 losses
Gudermes T'ynepmec 6.90 2-15 6-70 021 | 016 | 0.09 | 0.02 | 0.00 0.09
Istisu Hctucy 7.19 1-11 5-41 021 | 016 | 010 | 0.04 | O0.01 0.12
Suvirov-Yurt | Cysopos-lOpr | 7.22 2-11 5-40 022 | 017 | 012 | 0.05 | 0.01 0.14
Bachi-Yurt | Baun-IOpr 7.07 1-8 2-35 019 | 015 | 0.09 | 0.03 | 0.00 0.10
Beloreche Benopeuse 7.04 1-8 2-35 019 | 015 | 0.09 | 0.03 | 0.00 0.10
Hasavyurt XacaBiopt 6.25 0-2 0-23 0.13 | 0.05 | 0.01 | 0.00 | 0.00 0.01
Centoroj Llenropoit 7.12 1-5 2-19 021 | 016 | 010 | 0.04 | 0.01 0.12
Ishhoj-Yurt | Wuxoii-FOpr | 6.85 0-3 2-15 0.18 | 0.13 | 0.06 | 0.01 | 0.00 0.06
Kurchaloj Kypuanoii 6.67 0-2 0-15 0.16 | 010 | 0.04 | 0.01 | 0.00 0.04
Koshkeldi Korukens st 7.05 1-4 3-12 019 | 015 | 0.09 | 0.03 | 0.00 0.10

The simulated estimations of expected shaking intensities and losses are usually compared with observed
macroseismic effect and reported damage. Figure 3 shows the comparison of observed values of intensities
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and the results of computations with usage of different values of regional coefficients of macroseismic field:
variant 1 — proposed by Shebalin (Kondorskaya &Shebalin 1977) for Dagestan, variant 4 - proposed by
Shebalin (Kondorskaya & Shebalin, 1977) for the Northern Caucasus, variant 5 - proposed by Shebalin
(Kondorskaya and Shebalin 1977) for the Caucasian States; variant 6 — proposed by Bystritskaya
(Bystistkaya, 1978); variant 7 — proposed by Lutikov (Aver’yanova et al., 1996) for the Chechen Republic;
variant 12 - proposed by Shebalin (Shebalin, 2003). The input parameters for computations according
different variants are presented in Table 2. The circular isoseists obtained with Shebalin equation application
are stretched along the active tectonic faults in order to take into account anisotropy of the medium and
source line extension. Expected shaking intensity maps are computed taking into account various regional
coefficient of macroseismic field, different orientation of ellipse axis (along the faults or they may be
oriented at the angle according to the source mechanism solution) , as well as empirical data about ratio k of
ellipse major and minor semi-axis (for different value of k).
Figure 3. Comparison of simulated shaking intensities with application of different attenuation law
parameters and observed values

Table 2. Input data for simulation of the Kurchaloj event consequences with the Extremum system

application
No Ratio k of
Regional coefficients in Orientation of
Event parameters ellipse
macroseismic field equation o ellipse axis
semi-axis
1 2 3 4 5
1 43.276; 46.229 b=1,5; v=3,6; c=3,1 k=1.5 Along faults
M=5.6; h=15 for Dagestan
instrumental source, GS RAS (Shebalin, 1977)
2 43.276; 46.229 b=1,5; v=3,6; c=3,1 k=2 Along faults
M=5.6; h=15 for Dagestan
instrumental source, GS RAS (Shebalin, 1977)
3 43.276; 46.229 b=1,5; v=3,6; c=3,1 k=4 Along faults
M=5.6; h=15 for Dagestan
instrumental source, GS RAS (Shebalin, 1977)
4 43.276; 46.229 b=1,6; v=3,1; c=2,2 k=1.5 Along faults
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M=5.6; h=15 for NorthernCaucasus
instrumental source, GS RAS (Shebalin, 1977)

5 43.276; 46.229 b=1,4; v=3,5; c=4,2 k=1.5 Along faults
M=5.6; h=15 for Caucasus
instrumental source, GS RAS (Shebalin, 1977)

6 43.276; 46.229 b=1.52; v=3.6; c=1.6 k=1.5 Along faults
M=5.6; h=15 for Dagestan
instrumental source, GS RAS (Bystristkaya, 1978)

7 43.276; 46.229 b=1.593; v=3.41; c=2.44 k=1.5 Along faults
M=5.6; h=15 for Groznyj City
instrumental source, GS RAS (Aver’yanova et al., 1996)

8 43.3; 46.3 b=1,5; +=3,6; c=3,1 k=15 Along faults
M=5.9; h=10 for Dagestan
NEIC (Shebalin, 1977)

9 43.47; 46.34 b=1,5; v=3,6; c=3,1 k=1.5 Along faults
M=5.9; h=15 for Dagestan
CSEM (Shebalin, 1977)

10 | 43.37;46.35 b=1,5; v=3,6; c=3,1 k=1.5 Along faults
M=5.6; h=10 for Dagestan
Verified, GS RAS (Shebalin, 1977)

1 2 3 4 5

11 | 43.15;46.10 b=1,5; v=3,6; c=3,1 k=1.5 Along faults
M=5.6; h=15 for Dagestan
macroseismic source, GS RAS (Shebalin, 1977)

12 | 43.276; 46.229 b=1,5; v=4; c=3,8 k=1.5 Along faults
M=5.6; h=15 (Shebalin, 2003)
instrumental source, GS RAS

In the case of the 2008 Kurchaloj earthquake more general parameters of macroseismic field equation
(variant 12), which was proposed by Shebalin V.N., allowed to simulate shaking intensity which proved to
be close to observed values of shaking intensities (Fig. 3).

In addition to estimations of expected shaking intensities, expected number of casualties (fatalities, injuries
of different level, homeless), engineering situation (percent of buildings survived various damage states,
length of blocked transportation systems, number of accidents at lifeline systems and so on) the Extremum
system provides optionally information about the effective response measures for strong earthquakes. The
estimations are given about the forces rescue operations (rescue mechanized teams, that of hand-operated
debris disassembling, medical teams), that for urgent operations (fireman brigades, crash crew, policemen
and so on), as well as about engineering devices needed for rescue and relief measures. The estimations are
also made about the life-support for the people in the affected area: expected number of temporal shelters,
heating devices in winter time and field kitchens; supply with water and food during the first days after the
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disaster. The estimations are made on the basis of empirical data about past events. The debris volumes and
numbers of injured and homeless are used to assess the requirements in forces and resources. At present the
relationship are reviewed in order to take into account new modern equipment used for rescue operations.

For the L’Aquila, Italy Earthquake of 6 April 2009 the expected loss computations in emergency mode were
made with Extremum System application using the event parameters determined by three Seismological
Surveys: NEIC, EMSC and GS RAS. Table 3 shows the input data and the results of expected fatalities
simulation.

Table 3. Expected consequences assessment due to the L’ Aquila earthquake in Italy

Survey Event parameters Expected fatalities,
Longitude Latitude M h, km persons
NEIC 13.334 42.334 6.3 8.8 280-1,400
EMSC 13.32 42.38 6.3 2 1,600-6,000
GS RAS 13.4 4251 6.4 10 180-750

When the data on source mechanism, reported macroseismic effect and damage become available the
computations were repeated for different variants of input information (Table 4) in order to find the better
agreement between simulated and observed effect.

Table 4. Input data for simulation of the L’ Aquila event consequences with the Extremum system

application
No Event parameters Regional coefficients Ratio k of ellipse Orientation of
of macroseismic field semi-axis ellipse axis
1 2 3 4 5
1 43.334N; 13.334E b=1,5; v=3,5; ¢=3,0 k=1.5 Along faults
M=6.3; h=8.8 (Shebalin, 1977)
NEIC
2 43.334N; 13.334E b=1,5; v=4,0; c=3,8 k=1.5 Along faults
M=6.3; h=8.8 (Shebalin, 2003)
NEIC
3 43.334N; 13.334E b=1,5; v=4,0; c=3,8 k=3 Along faults
M=6.3; h=8.8 (Shebalin, 2003)
NEIC
1 2 3 4 5
4 43.334N; 13.334E b=1,5; v=3,5; ¢=3,0 k=3 Along faults
M=6.3; h=8.8 (Shebalin, 1977)
NEIC
5 43.334N; 13.334E b=1,5; v=3,5; c=3,0 k=3 Angle 127°
M=6.3; h=8.8 (Shebalin, 1977)
NEIC
6 43.334N; 13.334E b=1,5; v=3,5; c=3,0 k=3 Angle 156°
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M=6.3; h=8.8 (Shebalin, 1977)
NEIC
7 43.334N; 13.334E b=1,5; v=3,5; c=3,0 =3 Angle 156°
M=5.8; h=8.8 (Shebalin, 1977)
INGV
8 43.334N; 13.334E b=1,5; v=4; c=3,8 k=3 Angle 156°
M=5.8; h=8.8 (Shebalin, 2003)
INGV

Figure 4 shows the results of computation of expected intensity | for the earthquake parameters determined
by INGV: ¢=43.334N; A=13.334E; M=5.8; h=8.8 km (variants 7 and 8). Simulation is made for different
coefficients of macroseismic field according to (Shebalin, 1977) and (Shebalin, 2003); and for macroseismic
field orientation at the angle of 156° in accordance with source mechanism solution of GS RAS.
Figure 4. Influence of macroseismic field regional coefficients on simulated values of shaking
intensities; INGV event parameters

Figure 5 shows active faults of the area under study, figure 6 shows the results of simulation of the
L’Aquila earthquake consequences with the Extremum System application; input data are taken according
to variant 7 (Table 4). The values of simulated intensities (pink, green and yellow curves in Fig. 5)
obtained with the Shebalin macroseismic field equation application (Shebalin, 1968) are higher than the
observed values (blue curve in Fig. 5), which were displayed at the INGV website and were based on
response of people who feel the earthquake. It was so called Internet intensities. The highest values of / were
equal to 7 by EMS-98 scale for four settlements. It is possible to suggest that inhabitants whose buildings
were severely damages or totally collapsed did not put their information about feelings at the INGV web site.
According to the Preliminary Field Report (Rossetto et al., 2009) by the UK Earthquake Engineering Field
Investigation Team (EEFIT) at least in 2 settlements Onna and San Gregorio the engineering consequences
for existing building stock were estimated as 1=9 by EMS-98 scale, for other two settlements Malepasso and
Paganica the effect was estimated as 1=8, for L’Aquiala if was estimated between 7 and 8 on EMS-98 scale

(Fig. 7).
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Figure 5. Map of active faults Figure 6. Results of possible loss assessment caused by April 6, 2009
according to INGV earthquake in Italy; dots are settlements in the stricken area; colour of
(http://cnt.rm.ingv.it) dots shows the average damage state  (brown : d=4, red : d=3, yellow :

d=2, green : d=1, blue : no damage); figures show the values of |

The information about buildings and structures behavior, about response measures published in the
Preliminary Field Report by EEFIT (Rossetto et al., 2009) and other similar publications will allow to verify
data bases on elements at risk and impact knowledgebase of the Extremum System in order to determine
more precisely the regional parameters of the simulation models for the area under consideration.
Figure 7. The results of EEFIT team survey of the L’ Aquila event affected area (Rossetto et al., 2009):
dots with two colours indicate the intensity lies between two values

EMS-98 (el
Intensity

® Vv
o Vi
o wvi

O v

® X

Figure 8 shows one more example of expected loss estimations due to the 12 January 2010 earthquake in
Haiti. The computations were made for different input information about event parameters determined by GS
RAS, EMSC and NEIC and two orientation macrosismic field according to the source mechanism solution.

Figure 8. Results of possible loss assessment caused by January 12, 2010 earthquake in Haiti; dots are
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settlements in the stricken area; colour of dots shows the average damage state  (black: d=5; brown : d=4,
red : d=3, yellow : d=2, green : d=1, blue : no damage)

Y =750
| @t g

The loss estimations obtained with NEIC parameters usage proved to be the closest to reported one, but the
reported casualties will be changed by accumulation new information.

The 10 years experience of the Extremum system application for expected loss assessment due to strong
earthquakes worldwide showed the merits and demerits of the System current version. Besides the error of
Seismological Survey in event parameters determination in emergency mode there are other factors that
contribute to uncertainties in results of computations. First of all, the data bases on elements at risk, impact
data bases on past events should be verified and constantly maintained. It will allow to construct more
accurate the regional attenuation laws and regional vulnerability functions for various elements at risk, as
well to verify models for identification response measures taking into account new technological
achievements in the filed.

Conclusions

The present paper gives a brief description of the Extremum system used worldwide in emergency mode
during the last 10 years. The analysis of simulation outputs and used input data allows to draw the conclusion
that priority should be given to verification and standardization of data bases on elements at risk and impact
data bases about past strong earthquakes, including information about the response measures, in order to
increase the reliability of the results.

The experience of System many years application also showed that there is a wide range for verification of
simulation models used in the System at all stages from estimating shaking intensity to assessing the damage
to different elements at risk and identification the effective response and relief measures. It is definite that
the task is huge and hardly can be succefully solved in the nearest future without international efforts.
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Abstract

In recent years, there has been an increased attention to, and consideration of, the relationship between the
recovery phase of disaster management and the resilience of communities. However, only recently has this
relationship been extended to include the integral importance of sustainability. As business programs
spring up around the United States addressing sustainability and environmental responsibility, it is critical
that students in the program understand the intimate relationship between sustainability, resilience, and
disaster recovery. Disaster management must be addressed if we are to prepare our business students to
understand and translate resilience into green environments, sustainable enterprise and corporate
responsibility. From a business perspective, management programs must integrate corporate responsibility
and resilience into sustainable enterprise if they are to be prepared for disaster and challenges of recovery
and rebuilding after disaster.

This paper will address major factors defining a sustainable enterprise that also affect its ability to recover
from disasters, including environmental protection, economic development, and social development as
critical measurable parameters. In this work, programs on sustainable enterprise are examined for their
application of sustainability to resilience and recovery after disaster. There has been little recognition of the
intimate relationship of these two concepts, and little attention paid to disaster recovery in existing programs.
Strategies by which to incorporate these issues into the undergraduate and graduate business curricula will be
provided, and methodologies for translating these strategies into projects and internships will be explored.

Creating/developing a sustainable, resilient city is a means of reducing risk, and enhancing

the likelihood of recovery from disasters, whether natural or man-made. The results of this work will be
used to modify/create curricula for sustainable enterprise business programs that will incorporate disaster
management concepts into the skill sets learned.

Introduction

In the early days of disaster management, the emphasis of almost all agencies was on the preparedness phase.
This was due to the realization of our lack of preparedness in the United States to identify and thwart terrorist

threats or in understanding the nature of asymmetrical warfare better know outside of our own shores. A
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massive program was begun to identify major gaps and begin the education and training necessary to prepare
the various sectors of our society, beginning with the first responders. With the advent of the National
Response Plan (now the National Response Framework or NRP), the National Incident Management System
(NIMS), and Incident Command System (ICS), the nation began its long road to a more unified view and
ability to respond to threats both natural and man-made.

Vast strides have been made, while much remains yet to be done. In those initial stages, little attention was
paid to aspects of response and recovery, or to mitigation that would have such a major impact on the
recovery and resilience of communities. It is only in recent years that there has been an increased attention
and research on the importance of and practical aspects of resilience. There are now many books
(International Institute of

Rural Reconstruction and the Catholic Organization for Relief and Development Aid, 2007; Pelling, 2003;
Vale and Campanella, 2005) and continuous publications to assist governments and communities in better
understanding this area of study. Cities and urban areas are begin carefully examined in respect to their
resilience and ability to recover from disaster as a means to not only predict but mitigate for future events.
Most attention has been paid to the urban environment due to the level of damage and life lost that could
potentially occur from natural or man-made disasters. We were given clear messages in recent disasters,
including the Haiti earthquake, Hurricane Katrina, the Indian Ocean Tsunami, Chinese earthquakes, several
tornados in the US, and the 9/11 terrorist attack on New York City and the Pentagon.

Background and Thesis

It has become axiomatic that due to issues of global climate change, urbanization, alteration of fertile land to
desert, population growth, and environmental degradation, frequency and severity of natural disasters are on
the increase. Natural disasters are increasing in both magnitude and number (Hoyois et al., 2006). The
United Nations projects that by 2030, 60% of the world’s population will reside in cities (United Nations
Department of Economic and Social Affairs, 2005). It is these urban areas that will be sites for greatest
destruction and life lost. Globalization and other factors, combined with global political instability and
poverty, create an environment that is exceedingly fragile, and populations that are increasingly vulnerable.
The effects of urbanization and poor economic conditions have resulted in developing countries accounting
for 96% of natural disaster-related deaths (Natural Hazards Observer, 2000) and the number of affected
survivors in developing countries being 40 times higher (Department of Humanitarian Affairs, 1993). As a
foreshadowing of the devastation in Haiti, a study of Guatemala City 20 years after the massive death and
destruction of the 1976 earthquake affecting primarily the poor (poor-quake) identified 589,900 inhabitants
still living around the city that were living in areas “considered highly susceptible to earthquakes, floods, and
landslides” (IDNDR, 1996). There must be an effort made to “ensure harmonious interactions between
natural and human systems” to minimize vulnerability (E1-Masri and Tipple, 2002)

Mitigation and Resilience

Mitigation has long been established as the cornerstone for community resilience, although only more
recently has the emphasis of emergency management shifted from preparedness and response to recovery
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and mitigation (LeDuc, 2006). In the past decade, new approaches for understanding the concept of
community vulnerability and resilience have been proposed. These new approaches to reduce community
risk and increase resilience at the local level support the integration of those individuals with backgrounds in
social psychology, community economics, environmental management and community development into
strategic planning processes to increase community along with groups more traditionally associated with
emergency management. This includes those with experience working in human services, non-governmental
organizations, and community organizations, as well as individuals associated with agencies more typically
identified with emergency response such as fire services, police and emergency services. These sectors can
also broaden and strengthen planning efforts to strengthen resilience (Buckle P., Mars G., and Smale S.,
2000).

This new emphasis on resilience to reduce the impact of disasters still recognizes the importance of planning
and designing community infrastructure including water systems, roads and bridges to withstand a major
disaster but further supports the concept that just “the absence of vulnerability,” is not enough to maintain
the resilience of a community following a crisis such as a disaster (Buckle P.. Mars G., and Smale S.,
2000). To strengthen resilience within a community, the capacity must exist in the first place to not only
mitigate the losses or damage that might occur from a disaster but when possible prevent the damage. The
objective of programs focused on strengthening the capacity of a community to be resilience and prevent
damage can be measured by tracking the ability of the community to maintain living conditions for residents
as close to normal during the disaster event and documenting that a rapid recovery was achieved. To be
successful in achieving resilience a community must provide support for residents at the individual, family,
and organizational level. Buckle, Mars and Simale (2000) reported the following elements should be present
in a community to support resilience: shared goals within the community- similar values, and aspirations,
having established social infrastructure, positive and economic trends exist within a community or region,
evidence of sustainability of social and economic life, existing successful partnerships, communitity
members share a common interest, individuals and groups use established networks, and adequate resources
and skills are available locally to support emergency management related planning.

Jacobs (2004) maintained that communities must be viewed holistically if we are to recognize and react to
the interconnectedness of the 5 pillars of society. These include community and family, higher education,
effective practice of science and science-based technology, taxes and governmental powers, and self-policing
by learned professionals. Through this understanding these pillars that efforts towards a more sustainable
community can be a means of risk reduction and disaster resiliency. Resilience comes from the community
as a whole, not merely from one agency or unit of government.

Resilience is an important aspect of emergency management, especially when considering the vulnerability
of complex physical and social system in our urban environments (Godschalk, 2003). Two cities in the
United States, Berkeley in California, and Tulsa in Oklahoma were cited as examples of great progress
toward resiliency. These cities have made strides in long-term persistence and innovative risk-reduction
policies, in part by the presence of strong champions leading community efforts. Novel is their concept that
urban resilience was net necessarily typical to a specific pattern of urban form or development. One
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possibility was to use communications technology as a substitute for urban density. This aspect of risk
reduction may create issues when faced with urban-specific goals of sustainable development.

Resilience has as a goal restoring socioeconomic vitality to a community following disaster. Tobin (1999)
proposed a combination of three models in order to attain both resilience and sustainability — a mitigation
model, a recovery model, and a structural-cognitive model. ~ Characteristics of the resulting framework
included the following:

e Lowered levels of risk by decreasing exposure to geophysical events

o Reduced levels of vulnerability by helping those marginalized and/or vulnerable

e Long-term sustainable goals in all planning efforts

o High level leader/agency support

e Partnerships and coordination at all levels

e Strengthened networks for both independent and inter-dependent segments

e A balancing of practical sustainable goals with economic stability

However, the point is made that current mitigation strategies sustain communities as they are, perpetuating
the damage-disaster cycle. At best, we can learn to live with hazards, since it is not feasible in the current
socio-political economic environment the change where people live and work. This would be necessary in
order to teach people how to work with the environment instead of just working in it.

Chakos (2008) also works with the concept of co-existing with hazards and associated risks faced by
contemporary communities. He stressed the importance of complex urban communities to improve built
environments as well as adopt sustainable development practices. Paton (2009) proposed a model that
recognized the necessity of citizens to co-exist with hazards and discussed issues of how to define and
predict resilience by integrating person, community, and society level factors.

Sustainability

A parallel thread in our global consciousness has been the increasing awareness, and acknowledged
responsibility, of every nation for sustaining our planet and its resources (Bell and Morse, 2008; Edwards,
2005; Epstein, 2008; Werbach, 2009. The term sustainability implies that without considering how our
actions affect the environment, both as a global society and in respect to corporate culpability, our way of
life and ultimate existence can be threatened. Once primarily the realm of environmentalists and those
proselytizing for corporate responsibility, this effort has become a multinational cry to action.

However, it is only recently that we have come to acknowledge, study, and respect the relationship of how
sustainability can actually create or promote resilience and recovery from all types of disasters or
emergencies, and the potential importance of indigenous/traditional knowledge and wisdom. The purpose
of this work is to more clearly establish that link, and define some of the aspects of sustainability that need to
be enhanced in order to increase resilience. In doing so, we accomplish the dual imperative of increasing
both our ability to survive and recover from disasters, as well increasing our respect for the planet to act as
better stewards of our planets resources.
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The educational offerings and degree programs on emergency management, with an increasing emphasis on
resilience and recovery phases, are continuing to increase in number and quality. In the United States, there
are a growing number of programs at all levels of education involving the “greening” of America, respect for

our planet, sustainability, green buildings and sustainable aspects of the “built” environment.

Increasing programs on sustainability and sustainable enterprise are being developed around the country, as
well as an increasing number of certifications (such as the certificate in Leadership in Energy and
Environmental Design - LEED) that provide business advantages to those who adhere to certain standards.

Findings and Discussion

It is illustrative to view the educational programs that are now being offered in the area of disaster
management (DHS, 2010). They are found as certificates, as well as Bachelor’s, Master’s and Doctoral
degree programs. However, rarely does the description of the program emphasize the relationship of
sustainability to emergency management. Likewise, higher education programs in the area of sustainability
(Association for the Advancement of Sustainability in Higher Education - AASHE, 2010), programs
traditionally address issues of environmental impact, corporate responsibility, and the need for global
partnerships and action. Little is apparent in terms of recognizing the connections between the worlds of
emergency management and sustainability.

It is advised that graduate programs in emergency management recognize and make clear the impact that
sustainable building, environmental consciousness, and corporate responsibility can have on response and
recovery activities in the realm of emergency management. Special courses might be developed to take
advantage of, and further, the research that has only begun to verify the important relationship that exists
between the two areas.

As environmental science and natural resource management have become both complex and more
recognized as vital areas of study in respect to sustainability of our planet, we have concommitantly come to
understand that approaches to the problems must be transdisciplinary (Allen, Ataria, Apgar, Harmsworth,
and Tremblay, 2009; Kates, Clark, Corell, Hall, Jaeger, Lowe, McCarthy, Schellnhuber, Bolin, Dickson,
Faucheux, Gallopin, Grubler, Huntley, Jager, Jodha, Kasperson, Mabogunje, Matson, Mooney, 2001).
It is unfortunate that indigenous knowledge systems pertaining to natural disasters, or Traditional Ecological
Knowledge (TEK) (Stephenson and Moller, 2009) are most often viewed as stagnant and static, or even as an
impediment to socioeconomic progress ( Robson et al., 2009). This is opposite to the reality of the
knowledge system as dynamic and adaptive. Robson, et al, (2009) demonstrates the advantage of creating
communities of learning as a means to access the depth of knowledge possessed by each community,
whether that knowledge be TEK or modern scientific inquiry.  Hagen (2008), highlighted the invaluable
information possessed by indigenous cultures pertaining to emergency management. It is, in fact, these
cultures that have learned to predict, prepare, respond, and recover to disasters of all types. We must take
advantage of communities of learning involving the indigenous peoples to help us understand how
preparedness and emergency management need to be inter-linked with environmental respect and
sustainability if we are to mitigate for, and survive, the disasters that lie ahead.
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One of the best and most established examples of the relationship between the sustainable “built”
environment and recovery is found in research on impact of the built environment on flood damage ( Brody,
Zahran, Highfield, Grover, and Vedlitz, 2007; Zahren, Brody, Peacock, Vedlitz, and Grover, 2008).
Studies were performed on hundreds of countywide flood events in Texas during the period of 1997 — 2001.
It was clear that flood damage was related not only to amount of rainfall, but more specifically on scale and
type of human development. Casualties were less when significant rainfall prior to the flooding resulted in
a “warning” of the public of imminent danger. Living in a built environment implies that the community
was created keeping in mind not only protecting the environment from man, but protecting man from the
environment. The environment is also protected when communities are created to avoid/survive flooding
and other normal or “natural” events, including disasters. However, it must be noted that even with
creation of hazard-resistant communities, the presence of casualty-prone (vulnerable) populations will result
in significant injury and death. Use of sustainable mitigation strategies concerning public information,
mapping and regulations, as well as green location restrictions and use of permeable/semi-permeable
surfaces, loss of life and property. It is however, important to note that Zahran et al. (2008) made note of
the fact that while structural engineering mitigation approaches to flood control such as costly dams may
lead to increased population growth and a false sense of security, especially by vulnerable populations.

One aspect of the consideration of resilience and sustainability is that we cannot stop the natural events of
earthquakes, floods, and other natural disasters. That means that we must learn to live with/understand risk,
and value it as we create our plans. One aspect of sustainability means living with risk and understanding
those aspects of resilience related to living with and within the environment (Paton, 2009).

Emergency management has come to be recognized as a critical piece in the development of sustainable
communities (Schneider, 2002). Hazard mitigation must be combined with community planning.
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education and protection strategies to reduce the rate of injuries or death within a community, and
enhancing the emergency preparedness and response practices of organizations to enhance the level
of protection for children and adults considered to be members of high risk groups during times of
crisis or disaster.
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Abstract

This paper addresses the reliability issues of strong earthquakes loss assessment following strong
earthquakes with worldwide Systems’ application. The databases on different elements at risk influence
strongly the loss estimations in emergency mode. The impact databases on past earthquakes could be used
for worldwide system calibration, as well as for verification of regional parameters of simulation models
used at all stages from, estimating shaking intensity to assessing the damage to different elements at risk.
The need for coordinated efforts and research at international level is stressed if one wants to increase the

reliability of loss estimation in “emergency” mode.

Introduction

The May 12, 2008 Wenchuan earthquake has resulted in great social and economic losses. According to
CRED (www.emdat.be) the number of casualties is estimated at 68,858 killed, 18,618 missing and 45.6
millions affected. More than 26 millions buildings were damaged and around 5 millions totally collapsed.
Almost 7,000 schools were completely destroyed and many others suffered partial damage. The negative
consequences were aggravated by wide spread secondary natural and technological processes.

Timely and correct action just after an event can result in significant benefits in saving lives. In this case the
information about possible damage and expected number of casualties is very critical for taking decision
about search, rescue operations and offering humanitarian assistance. Such rough information may be
provided by, first of all, global systems, in emergency mode.

The reliability of loss estimations through the worldwide systems strongly depends on the databases used in
the systems. The databases on different elements at risk, such as population and building stock distribution,
as well critical facilities characteristics are very important. The impact databases on past events could be
used for worldwide systems’ calibration, verification of parameters of simulation models used in the systems
at all stages, from estimating shaking intensity to assessing the damage to different elements at risk.

The presentation analyzes the results of expected loss estimations due to the Wenchuan earthquake in
emergency mode with different worldwide systems and databases application. The need for coordinated
efforts and research at international level is emphasized in order to develop the structure and content of
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international impact databases, as well as requirements to databases on population and built environment
distribution used in worldwide systems for loss estimation in emergency mode.

Extremum System databases and models

The “Extremum” system, developed in 1990ies by joint efforts of Extreme Situations Research Center
(ESRC) Ltd., Seismological Center, Institute of Environmental Geosciences, Russian Academy of Sciences
(IEG-RAS), and Civil Defense and Disaster Management Research Institute, Emercom of Russia, is one of
the worldwide systems which may be used for earthquakes loss assessment in emergency mode for any
earthquake-prone region. Its databases and mathematical models used for simulation of shaking intensity,
damage to buildings and structures, number of fatalities and injuries, are regularly updated by ESRC and
IEG-RAS. The detailed description of simulation models is given in the 6 volumes’ monograph ‘“Natural
Hazards in Russia”, vol. 6 “Natural Risks Assessment and Management” (Larionov & Frolova, 2003;
Larionov et al. 2003), in the Proceedings of SE-40EEE in Skopje-Ohrid, Macedonia in 2003 (Frolova et al.,
2003b) and in the Proceedings of TIEMS Annual Conference in Trogir in 2007, Istanbul in 2009 (Frolova et
al., 2007; Frolova et al., 2009). The “Extremum” database on population and building stock (Fig.1) includes
the information about 179,823 settlements.

Fig. 1. Fragment of the “Extremum” database on population and building stock distribution for China
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The settlements’ names are given in Russian and English. For each settlement the coordinates are shown, as
well as source of information about the number of inhabitants. Information about buildings in “Extremum”
System may be detailed (type of structure, materials, date of construction, height and so on) and “averaged”,
for instance, the distribution of buildings characterized by different vulnerability levels within the city or city
districts. For China there are three default buildings stock models for the settlements of different sizes: for
big cities, for towns and for villages. The models include the information about the portion of buildings of
different types classified by MMSK-86 scale and their average height. According to MMSK-86 scale the
buildings are classified into six groups:

e Dbuilding types Al, A2 (from local materials);
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¢ building types B, B1, B2 (brick, hewn stone or concrete blocks);
e building types C, C1, C2 (reinforced concrete, frame, large panel and wooden);

o building types E7, E8, E9 (earthquake resistant buildings designed and constructed to withstand the
earthquakes with intensity 7, 8, 9).

The table 1 shows the averaged buildings’ models for China.

Table 1. Averaged characteristics of existing building stock distribution in China

Buildings types City model Town model Village model
according to % h [m] % h[m] % h[m]
MMSK-86
A 0.05 3 0.20 3 0.50 3
B 0.10 9 0.65 6 0.35 3
C 0.70 15 0.10 15 0.15 3
E7 0.15 27 0.05 15 - -

The “Extremum” system software allows to introduce new settlement models when detailed and verified
information about building stock distribution become available.

During the loss computations due to the Wenchuan earthquake in emergency mode, information about the
event parameters (coordinates, origin time, magnitude, depth) was taken from alert seismological centers:
Geophysical Survey of Russian Academy of Sciences (GS RAS), European Mediterranean Seismological
Center (EMSC), National Earthquake Information Center (NEIC) of USGS. The “Extremum” System
impact database for China (Fig. 2), which includes the descriptions of more than 100 events, was used to take
into account the regional peculiarities of shaking intensity attenuation.

Fig. 2. Fragment of the “Extremum” System impact knowledge base for China

B Knowledge base E@@
date . 7 s n ® current All selected 0997 -
Sort I country Latitude 27 17 ‘|28 ilj' - C selected Reliabilit 0.937 Le
< number Longitude [100 [16 ‘34 = “ all events Rizet Country  [Kuraii |
e 3kenopT WrHnopr Calculations at regional level Vulnerability fu
Expert estimation Information about impact
Distance. km . - -
Work base UNRelif Web | Mass Media_| UNRelief Web | Maps
e | anme|F R \ ADRC other | Other \ Tables

[FEB03 11.1420.1 27251 N 100276E 11G 6465 1.2 604 YUNNAR, CHINA. Mw 6.2 (GS), 6.6 (HRY). Me b6 (GS). Es=1.51 014 Nm (GS). Mo=2. 11018 Nm (GS). Mo=3.210*18 Nm
(HRY). Atleast 322 people killed, 3,325 seriously injured and 13,000 slightly injured. About 358,000 housing units collapsed and 654,000 others were damaged. More than 320,000 people
hwere [eft homeless. Maximum intensity () at Lijiang, Complex event (NEIC)

I Date " Zone P Country T Depth T M Region | [ [China | —~
No Date Origin time Region Latitude Longitude Depth, M Souwrce  Expected Reported  Error  Expected
UTC  Local km fatalities fatalities injured
. 442 21.01.1997]a1: 48 301 al_TChina. 39474 7699 ] -3 iz 0[0-28
. 44| 01.03.1997]05 04 141 14 T[china 39422 7683 22 56 -4 B 0j0-29
%3 usnzﬂawp 46135 71 T[China. 33513 76065 33 58 i-10 - 0f6-55
%54 11.041997]05 34 427 130 [China 38527 76941 15 61 6 - 355 g 0[158- 1130
y[| 78 0302719%6[11:14200 19 [China 77291 100276 i 65 2451025 22 0[705- 2025
493 19.031996[15.0026.0 231 [China 39933 76696 28 g -3 24 ofiz-161
44 (03051935[0332471 T [CHINA 0774 109661 %6 B 01 i 0o-15
| B3b_ 23101835| 2246541 BT T[CHINA ez 102227 I i-18 % 0[i4-233
670 Z3011991 |21 13617 51 T[CHINA 033 1011 3 68 25313 iE 0[1z6- 1658
| 601 1506193223 24286 71 T[cHINA BED 93,83 10 56 -3 i ofiz-102 -
3amies: M| 4 38 b [ M [pk| e 104 4 LH

Fig. 3 shows the results of expected loss computations with NEIC data about input event parameters. The
circular isoseists obtained with Shebalin equation (Shebalin, 1968) were stretched along the active tectonic
faults in order to take into account anisotropy of the medium and source line extension. The different
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expected shaking intensity maps were computed taking into account various regional coefficient of
macroseismic field, different orientation of ellipse axes, as well as empirical data about ratio k of ellipse
major and minor semi-axis (for different values of k). In the considered case (Fig. 3) k = 2. The ellipse major
axis is oriented at the angle of 49° according to source mechanism solution.

Fig. 3. Results of possible loss assessment caused by May 12, 2008 earthquake in China; dots are
settlements in the stricken area; colour of dots shows the average damage state of building stock (black :
total collapse; brown : partial collapse; red : heavy; yellow : moderate; green : slight damage; blue : no

damage); figures show the values of expected shaking intensities

In addition to maps at different scales the results of “Extremum” computations are also presented as tables,
where estimates of expected number of fatalities, injuries and homeless are given for the whole stricken area
and for each settlement. In the case of the Wenchuan earthquake, the expected number of fatalities was
estimated by “Extremum” system as 48,000 — 97,500 people.

The simulated results about expected impact are usually checked later against field observations. The reason
for that is first to ascertain the simulated damage for the event under consideration, and then to improve the
whole “Extremum” system by calibrating through records of reported damage and social loss kept in the
“Extremum” System impact knowledge-base (Bonnin et al., 2002; Frolova et al., 2003a; Bonnin & Frolova,
2004). The procedure of calibration is described in Frolova et al. (2009).

GDACS data bases and models

GDACS is another worldwide system used to alert the international community in case of major
sudden-onset disasters and to facilitate the coordination of international response during the relief phase of
the disaster (de Groeve, 2006; de Groeve et al., 2008). It was jointly established by the European
Commission’s Joint Research Centre and the United Nations Office for Coordination of Humanitarian
Affairs (OCHA) in 2004. The disaster alerts are based on automatic hazard information retrieval and
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real-time GIS-based consequence analysis. The GDACS earthquake impact model is built on the existing
seismological infrastructure. Every 5 minutes, GDACS collects information on rapid estimations of
earthquake location, magnitude and depth of source from different agencies, like NEIC, EMSC, GEOFON,
JMA and others. By reporting the epicenter on the map of population density, GDACS estimates the total
population in the affected area within radii of different sizes. Then, it estimates the likelihood need for
international humanitarian intervention. Fig. 4 shows a fragment of the alert event report for the Wenchuan
earthquake in China on May 12, 2008 from the web-site of the system (http://www.gdacs.org). GDACS
received the first event information from USGS (NEIC) at 6:41 UTC (13 min. after the event) and, after
calculating the impact, evaluated it as a Red Alert (high humanitarian impact). GDACS automatically sent
out 4,500 email, 2,700 SMS and 100 fax alert messages 14 minutes after the event (de Groeve et al., 2009).
Fig. 4. Results of possible impact estimation of May 12, 2008 Wenchuan earthquake in China.
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The database on population used by GDACS is the LandScan population data, from the Oak Ridge National
Laboratory (ORNL, 2000; Dobson et al., 2000). This dataset has an estimate of the population in every pixel
of 30” x 30” (roughly 1km? at the equator). According to de Groeve et al. (2002) the procedure applied to
calculate the population in the affected area is the following:

1. In a preprocessing step, the LandScan data are convoluted with a circular area around each pixel using a
focal image analysis algorithm calculating the sum of pixels. Several convoluted datasets were created for
circle radii of 1, 2, 5, 10 and 50 km.

2. For the determination of the population at the position of an earthquake, a script accesses the pixel value
of the convoluted datasets at the given coordinates in order to provide a very quick result.

3. The resulting population numbers are interpreted as a population density within the areas of different radii
from 1 up to 200 km. These classes are used in order to communicate population density to decision makers
in a qualitative manner.

At present the Working Group on Disaster Information Standards within DGACS aims at developing
guidelines for information exchange in the immediate aftermath of major sudden-onset disasters that require
international assistance. The purpose of the guidelines is to increase predictability and quality of information
in order to facilitate operational planning and decision-making in involved countries and organizations. The
guidelines will define responsibilities, expected timeframes and quality of operational information from the
affected country and potential responders. This working group will discontinue after completion of its task.
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PAGER data bases and models

PAGER System of US Geological Survey allows to simulate expected shaking intensity by using the
methodology and software developed for ShakeMap (http://earthquake.usgs.gov/shakemap). Then, the
expected number of inhabitants within the zones of different level of shaking intensity I is estimated by using
the information on population density from Oak-Ridge National Laboratory’s Landscan population database.
PAGER is an automated system; it monitors the NEIC near real-time detections of domestic and global
earthquakes and issues alarm to emergency agencies and other end-users at national and international levels.
Its estimations of exposed population could be revised in case subsequent information about event
parameters becomes available and a replacement alarm is issued. Fig. 5 shows an example of possible
consequences estimation following the 12 May 2008 Wenchuan earthquake in China. The fig. 5 shows two
versions of PAGER System computations: version 1 created within 30 minutes after earthquake and version
7 created within 20.5 hours after the event. The maps of expected shaking intensity distribution are
accompanied by the list of selected cities with expected value of intensity | on MM scale and number of
inhabitants.

Fig. 5. Results of possible consequences estimation following the May 12, 2008 Wenchuan earthquake in
China according PAGER system
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At present, the PAGER team is developing and testing a more comprehensive version of the system which
will include simulation models for casualty assessment (Wald et al., 2008). It is planned that different
models from fully empirical to largely analytical approaches will be used for simulation of casualties.

For this purpose, within the PAGER project, through collaborative efforts with Earthquake Engineering
Research Institute (EERI)’s World Housing Encyclopedia (WHE, http://www.world-housing.net), the
database on built environment is under development. Table 2 shows the distribution of typical buildings for
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rural and urban areas in China (Jaswal et al., 2008). The following classification of building types are used in
PAGER:

W - wood, average number of stories 1-3, typical 2 stories;

A — adobe block (unbaked dried mud blocks) walls, average number of stories 1-2, typical 1 story;

RS — rubble stone (field stone) masonry, average number of stories all, typical 1 story;

UFB — unfeinforced fired brick masonry, average number of stories all, typical 1 story;

UFB1 — unfeinforced fired brick masonry in mud mortar without timber posts, average number of stories
1-2, typical 1 story;

UCB - unreinforced concrete block masonry, lime/cement mortar, any average number of stories, typical 1
story;

C3 - nonductile reinforced concrete frame with masonry infill walls, any average number of stories, typical
1 story;

C1 — ductile reinforced concrete moment frame, any average number of stories, typical 1 story;

C2 - reinforced concrete shear walls, average number of stories all, typical 1 story.

Table 2. Typical buildings distribution in China (http://earthquake.usgs.gov/pager)

W A RS UFB UFB1 ucB C3 C1 Cc2
Rural_Res 10 40 3 10 35 - 3 - -
Urban_Res 5 4 2 61 5 2 5 12 5
Rural_Non_Res 5 4 3 75 9 - 5 - -
Urban_Non_Res 2 - 1 55 5 2 - 20 12

To calibrate the loss models, the USGS created an Atlas of 3,900 ShakeMaps of significant earthquakes
worldwide. The calibration procedure relies on the Atlas and on impact data of past events (fatality and
damage) collected by the NEIC.

Challenges of data bases used for loss assessment worldwide

Simulation codes exist, both in emergency mode and in longer-term mode. The reliability and quality of loss
assessment output of the described worldwide systems is directly dependent upon the quality of input data
and of the simulation models. An obvious way of improving the whole process is to confront the assessment
output with the known consequences of previous events; i.e. data on impact of past earthquakes could help
“calibrating” somehow the simulation models; furthermore, scenario earthquake approaches suffer from
more or less badly-known parameters (inventory of objects-at-risk, vulnerability/fragility functions of
buildings submitted to shaking, etc.): to a certain extent, these weaknesses can be partially mended through
calibration procedure, in addition to improvement of available databases. In this respect, the information on
physical and socio-economical consequences of past damaging earthquakes is very critical.

At the moment, data sets on impact of past earthquakes are not readily accessible to many potential users and
can hardly be directly applied for comparison with simulated results because of lack the standard formats.
For instance, in the Reconnaissance report on the China Wenchuan earthquake May 12, 2008 (Chu-Chieh et
al., 2008) the classification of buildings in the stricken area is given, which can not be applied for direct
comparison with simulation results in “Extremum” and PAGER systems. The authors of the Report

introduce the following classes typical for the stricken area buildings: RC — reinforced concrete; HRM —
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half-reinforced masonry (unigue structural system which consists of brick column, reinforced concrete beam,
and precast concrete hallow floor planks with wire mash) and URM — brick, un-reinforced masonry.

Actually, if partial data sets have been developed here and there, no significant initiative has yet been taken
to collect, organize, and make easily available the corresponding data. Here, coordinated and international
efforts should be undertaken in order, first of all:

1. to analyze the existing, readily accessible, earthquake impact datasets/bases with global, regional,
sub-regional, national coverage, and determine the current status regarding the accessibility, completeness,
guality and reliability of impact data. The steps to be considered would include:

« a survey of corresponding individual data sets; what are the contents ? how are the data organized within
the data sets ?

« under what form(at) are the records stored : hard copies, digital, pointers to other databases; etc.?

« are the data sources identified ?

« quality and reliability of data;

« are the data freely accessible? are they more or less classified ?

2. to discuss “ontology” of data/metadata in the field, and general formats and methods for impact data
accumulation. The steps to be considered would include:

* specify what types of data are desirable within an ideal, “modern” database: events’ source parameters,
macroseismic effects, engineering consequences, damage to populations, socio-economical impact, response
measures, ... ?

« the problems of several, non-necessarily matching, sources;

* “political” estimations versus “actual” estimations.

3. to initiate the development of software in order to accumulate and analyze the information about the
well-documented past earthquakes: social and economic losses.

* how to organize a “virtual” database by connecting to individual datasets/bases through a procedure
transparent for the users;

» creation of dedicated interfaces to automatically “re-format” the available data sets and leave each data set
owner free of organizing his/her original data sets the way he/she wants, yet preserving “integrity” of data.
4.t0 initiate the development of an international “distributed knowledge-base” on physical and
socio-economical consequences of damaging earthquakes.

5. to identify the mechanism for access requests and activities related to knowledge-base maintenance.

Conclusions

The present paper gives a brief description of three worldwide systems and their databases used for loss
assessment following strong earthquakes, in “emergency” mode. The analysis of simulation outputs and used
input data allows to draw the conclusion that priority should be given to verification and standardization of
databases on elements at risk and impact databases about past strong earthquakes in order to increase the
reliability of the results.

On the whole, analysis of three worldwide systems for expected loss assessment in “emergency” mode
showed that they can be applied for loss estimations just after the event, these estimations are of great value
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for longer-term mode. In future, coordinated efforts and research at international level is badly needed if one

wants to increase the reliability of loss estimation in “emergency” mode at global level.
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Catastrophe, government and NGO, interactive response, response patterns, aid mechanisms

Abstract

The purpose of this study is to investigate how effective aid might be in a catastrophe. This paper names
assistant aid by communities or NGOs as framework mutual assistant aid. After describing aid mechanisms
in Banda Aceh, Indonesia and Sichuan, China, this paper discusses relationship between government and
NGOs and promotes interactive responses for disaster aid. Effective aid bases on the premise of good
relationship between government and NGOs.

In the history of disasters, the Sumatra Earthquake was unrivalled in terms of international aid. Likewise, in
the Chinese history of disasters, the Wenchuan Earthquake attracted the largest amount of international and
domestic aid. Though both helped along by huge external aid, Banda Aceh and Wenchuan witnessed
different results in housing restoration due to the different roles of the governments.

The research shows that the adaptation mechanism for the Chinese-Ethnic aid groups played an active role:
(1) Groups within the Chinese community played some role. (2) Emergency groups, especially emergency
groups in Medan played an active role. (3)Emergency groups linked the aid groups in Medan and Banda
Aceh, even Chinese groups in South-eastern Asia. (4)Local emergency groups in Banda Aceh penetrated
their aids into the Chinese community. (5) Cooperation among local and global groups was embedded in the
daily life of the Chinese community across Banda Aceh and Medan.

The Indonesian and Chinese response patterns are very different. In Indonesia, NGOs functioned actively
while in China governments played a leading role. Research on Wenchuan Earthquake finds that (1) some
local governments were damaged by the Earthquake;(2) adaptation mechanisms among volunteers, victims
and governments emerged after the earthquake; (3) the adaptation mechanisms for aid groups operated
effectively including coordination with the local government; and (4) with recovery of the local government,
the adaptation mechanism was transferred to the local government.

Introduction

The Indian Ocean Tsunami on December 26th, 2004 brought huge losses to Aceh Indonesia. Banda Aceh,
the capital of the province of Nanggroe Aceh Darussalam (hereinafter , NAD), had a population of about
250,000 before the tsunami. After the tsunami, however, “over 60,000 died or were missing”, taking up 1/4
of the original population (Kimata et al. 2006:94) . Likewise, the Wenchuan Earthquake in China on May
12th, 2008 also caused catastrophic losses. In the Wenchuan Earthquake, 68,712 died and 17,921 were
missing (The Chinese Government Web).

Both earthquakes took place in developing countries and attracted enormous aid from the outside world. In
the history of disasters, the Sumatra Earthquake was unrivalled in terms of

international aid. Likewise, in the Chinese history of disasters, the Wenchuan Earthquake attracted the
largest amount of international and domestic aid.

Recovery and reconstruction of the two affected areas, however, were not the same. Research by the Nagoya
University shows that the pace of restoration in Banda Aceh was slow in the overall sense (M.Takahashi et al.
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2007). In terms of post-disaster housing restoration, in Banda Aceh, 73.3% of the surveyed population
indicated that they had housing problems one month after the tsunami. The figure declined to 60.4% one year
later. However, three years after the tsunami, 47.3% of the surveyed were still frustrated by housing
problems. As to who rendered them great support vis-a-vis aided housing reconstruction, 56%of the
surveyed mentioned International NGOs, 30.7% indicated central government (including BRR ) (Takahashi et
al. 2008:37) . Compared with Banda Aceh, in Wenchuan, 40.7% of the affected population lived in
temporary housing two months after the earthquake. One year after the earthquake, however, this figure
already declined to 9.8%, with 90.2% of the residents living in permanent housings (CASTED , 2009:17) .

Though both attracting huge external aid, Banda Aceh and Wenchuan witnessed different results in housing
restoration due to the different roles of the governments. “Disasters often require the assistance of outsiders
and multiple levels of government , thereby leading to multijurisdictional response operations ” (Drabek and
McEntire, 2002:206) . However, “executive bodies in general are unable to respond in a timely manner
immediately after disasters” (Raphael, 1986=1989:220) . Compared with developed countries, capacity of
governments in developing countries for emergency responses is critical to post-disaster restoration. As such,
when discussing effectiveness of NGO-oriented adaptation mechanisms, one must clarify the roles of
governments therein.

Setting the precondition where governments under the two case studies played different roles, this thesis
explores the possibility for effective aid. To better study effectiveness of NGO aid, this thesis also explores
the underlying reasons why the minority Chinese ethnic group, excluded in Banda Aceh, was able to achieve
restoration ahead of the entire affected area with little government aid.

After definition of the concepts “public assistance aid system” and “mutual assistance aid system” (2.1), the
thesis introduces the methodologies used for data collection (2.2). Analysis of the case study features a
detailed description of the relief and aid situations in Banda Aceh, how the Chinese community took refuge
and got assisted as well as the structure and functions of the Chinese assistance system (3.1). Afterward,
literature is cited to describe the Wenchuan Relief and Assistance Model that was dominated by government
assistance and supplemented by public aid (3.2). In the conclusion, the thesis discusses similarities and
differences between the Banda Aceh Chinese aid system and the Wenchuan aid structure and the key
elements to ensure effective public assistance after catastrophes (4).

Theory and Method

Theory

Disasters, especially catastrophes, tend to result in drastic social changes. “The disaster process may
generally be understood as the process that covers different stages such as dissolution of social systems, the
consequent initiation of emergency social systems and recovery of routine social systems” (Tanaka,
2001:135) . Responses of emergency social systems tend to differ in line with different case studies. Such
difference is all the more prominent between developing and developed countries. The larger the disaster, the
more difficult to respond via singular organization. At present, a rich variety of organizations participate in
responses of emergency social systems.
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This research studies post-disaster assistance from the perspectives of “self assistance = mutual assistance -
public assistance”. First, in disaster reduction systems, the state plays an increasingly important role while
businesses, individuals and/or communities are also indispensable components; the issue is how the three
parties cooperate with each other (Yoshii, 2007:209). Second, this concept helps understand the differences
between developing and developed countries with regard to responses on the premises of disaster prevention.

According to different assistors, this thesis defines “self-assistance system” as the social system that supports
self-assisting activities within the emergency aid system, “mutual-assistance aid system” as the social system
that supports mutual assistance activities and “public-assistance aid system” as the emergency social system
that maintains “public assistance” activities. In a self-assistance system, assistors are mainly the disaster
victims, their family members, relatives and friends. Assistors of a mutual-assistance aid system differ in
different societies, mainly including communities, religious organizations, community organizations and
volunteer groups. For a public-assistance aid system, assistors are executive bodies such as governments and
local self-governance bodies. This thesis focuses on the relationship between “mutual-assistance aid system”
and “public-assistance aid system”. Based on this, this paper discusses the role of mutual-assistance aid
system.

Because “executive bodies in general are unable to respond in a timely manner immediately after disasters”

(Raphael, 1986=1989:220) , operation of public assistance aid systems differ from society to society. This
thesis regards operation of disaster prevention organizations and legal systems as the minimum criteria for
judgement. Organizational operation covers executive bodies from the central to local levels while legal
improvement includes presence or absence of drillings or plans for disaster prevention.

With the concepts of public assistance aid system and mutual assistance aid system thus defined, the thesis
goes on to sort out the two concepts from the temporal and spatial perspectives. In the temporal sense, there
is the issue of whether public assistance aid systems already existing prior to disasters function properly after
disasters occur while how mutual assistance aid systems operate tend to be critically linked to prior-disaster
social conditions. By social conditions, the thesis refers to the existence patterns of non-government or civil
society groups, with special attention attached to activities of communities and volunteers. In this thesis,
study of post-disaster aid activities concentrates on the period when emergency aid transits to recovery and
restoration. Study of activities in affected and non-affected areas from the spatial perspective finds local,
national and global differences between public assistance aid system and mutual assistance aid system in line
with different activity and resource mobilization spaces of different assistors.

Method

Data related to the Indonesian part of the thesis was acquired by the author through local semi-structured
interviews. Such interviews were conducted twice in Banda Aceh, respectively on November 26th and
December 1st, 2006 and December 1st and 13th, 2007. Prior to the in-situ interview in 2006, the author
consulted Chinese media coverages on Banda Aceh online (including those from Mainland China, Malaysia
and Chinese Taiwan) as pre-interview survey. The first field survey done in 2006 targeted President of the
NAD Chinese Charity Foundation and managers of Chinese facilities as well as representatives of
International NGOs such as Oxfam, World Vision and USAID. Although survey data about International
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NGOs were not used directly in the thesis, such survey was critical to an overall impression of overseas aid
in the tsunami affected areas. The second field survey was conducted in 2007, mainly covering managers and
presidents of Chinese facilities and heads of Taiwanese aid organizations. In addition to interviews, the
author also undertook participatory observation in medical lectures and religious activities organized by local
Chinese. During the 2007 field survey, the author gained assistance from local Indonesians, visited Chinese
markets and previous Chinese schools and collected information about local Chinese life. Finally, on January
30th, 2008, the author had an international telephone interview with the President of North Sumatra Chinese
Association Disaster Relief Committee in Medan.

Data about Sichuan, China came from field investigation and literature method. Most of the data are
second-hand materials including publicly available government information and interview data Chinese
scholars developed after the earthquake.

Results

Aid for Indonesian Chinese
Disaster Impacts and Aid in Banda Aceh

Discussion about aid for Indonesian Chinese need be based on field studies of disaster impacts in Banda
Aceh. First, due to death of local civil servants plus the fairly limited level of public assistance aid systems in
Indonesia, and worse even, due to the fact that Aceh was an area of martial law as the result of its
independence movement, the post-disaster public assistance aid system in Aceh was unable to fully realize
its role. In the tsunami affected areas, overseas aid groups headed by the UN replaced the functions of such a
public assistance aid system to some extent. The problem was the inter-organizational coordination among
these overseas aid groups and indeed the disputes between the Indonesian Government and the overseas
volunteer groups.

The tsunami exerted such social impacts on Banda Aceh that the local Chinese business people predicted that
“it would take at least 5 years to restore to the pre-tsunami level”. Nevertheless, with the entry of large
amounts of overseas aid into the affected areas, signs of recovery appeared in two years after the disaster) .

In the affected areas, all kinds of groups were engaged in relief and assistance. One year after the tsunami,
Nagoya University Research Group conducted a questionnaire survey in Banda Aceh. For the question “Who
is/are the most reliable in restoration?”, “40.2% of the respondents answered overseas NGOs, 36.2%
answered relatives.” 49.6% replied that due to economic considerations, they trusted NGOs all the more.
About 60% of the respondents mentioned that relatives were their spiritual support while 30% indicated
friends were such spiritual support. NGO hereby refers to “non-government organizations, volunteer groups
outside the government, or non-profit organizations and religious bodies”. Correspondingly, only 9.4%
indicated that local governments were the most trustable source in restoration while those mentioned the
Central Government took up 3.1%, the lowest percentage. The same survey also shows that “only 5.5%
mentioned that local individuals and/or communities were the most reliable” (Tanaka, 2006:155-156).
Interviews found, however, that community played the role of media when attaining external aid such as

73



E s B HZ S (TIEMS)
%17 JafE<y, 201046 H 8-11 H
ERES Iy

food, living materials and plans for housing reconstruction. Communication between community leaders and
local governments or overseas NGOs enabled successful consultations (ditto:158-160 ).

In December 2007, research team of Nagoya University conducted another questionnaire survey for the
three-year process of post-tsunami reconstruction. As the result of the first survey, for supporters of the
housing reconstruction, over half the respondents mentioned the significance of international NGOs across
the target villages (Fig.1).

Interviews and other studies conducted in the affected areas found that the affected population relied on
overseas aid from emergency rescue and assistance to post-disaster recovery and reconstruction. Overseas
economic assistance, of particular importance to the affected areas, reached affected individuals through the
community media. In terms of spatial analysis, such aid that uses the community as the media is local mutual
assistance aid while overseas aid is global mutual assistance aid, i.e., the latter reaches the tsunami victims
through the former.

While the affected areas relied on global economic assistance, in Banda Aceh, the Chinese is an excluded
ethnic minority, but restoration of the Chinese came much more efficiently. In their aid process, mutual
assistance aid played a critical role. The following chapter will

Other

Religious organization
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Local government
U.N/foreign government
International NGO

Domestic NGO
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Fig.1 supporting body for housing reconstruction
(Date reproduced in line with Table 7 by Takahashi.M. et al.2008;37)

discuss the situation where the Chinese ethnic group took refuge and analyze the organizational structure and
functions of the Chinese mutual assistance aid system.

The Volunteer Coordination Mechanism for Chinese Ethnic Group: Refuge and Assistance

Because of the constant exclusions since the 1960s, there were about 4,000 Chinese living in Aceh before the
tsunami, around 1.67% of the total provincial population, lower than the proportion of Chinese in other
Indonesian areas. After the tsunami, in fear of plunder and deterioration of living conditions in the affected
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areas, many Chinese left Aceh for refuge in Medan. In Mulian, a village in suburban Medan, the Chinese aid
organizations in Medan and the Mutual Assistance Association of Mulia joined hands to set up a refugee
camp for Chinese. At the peak time, about 6,500 refugees were registered at the camp. Registration at the
refugee camp helped the collection of statistics about the survival of Chinese. The registered could also
access aid materials. However, not all the registered lived in the village. In fact, only 200 of them lived in the
village (data as of January 7th, 2005). Including those at the camp, there were about 1,500 took refuge in the
village. The rest of the registered stayed at their own homes or homes of their relatives or friends in Medan
for refuge.

After the tsunami, 500-600 Chinese remained in Banda Aceh where the largest refuge was the Hokien Huay
Kuan in which about 100 Chinese households stayed for 4 months after the tsunami. In fact, Chinese
religious facilities became refuges. Out of the 5 Chinese religious facilities in Banda Aceh, only Hokien
Huay Kuan and Hainan Huay Kuan became refuges for Chinese. Immediately after the tsunami, only the
Chinese and Hokien Huay Kuan and the NAD Chinese Methodist Church came out sound and intact.
Therefore, one week afterward, the Hokien Huay Kuan became a refuge. It was half a year after the tsunami
that the restored Hainan Huay Kuan was used as refuge.

In June 2005, with all Chinese returning to the affected areas, the refugee camp of Mulia Village was closed
down. Until that time, the camp played multiple functions, i.e., not only accepting refugees but also
operating as the receiving end of aid materials and premise for information exchange. Although staying with
relatives, many victims went to the village for information. The village was thus able to produce statistics
about missing people and refugees. It was because of this village that various aid organizations learned
where to deliver aid materials. Consequently, many organizations sent aid materials to the refugee camp in
Mulia Village.

With regard to assistance to the Chinese ethnic group, in addition to the above community-based aid
organizations, emergency groups also played core roles. After the tsunami, temporary emergency groups
came into being in three areas: The North Sumatra Chinese Disaster Relief Committee was set up in Medan
near the affected areas, the NAD Aceh Chinese Charity Foundation in tsunami affected Banda Aceh and
Indonesian Chinese Disaster Relief Centre in Jakarta, Capital of Indonesian, far way from the affected areas.
Of the three emergency groups, those in Medan and Jakarta organized extensive aid activities. The Medan
one, in particular, played a key role. For the Chinese refugees that relied heavily on external aid both
psychologically and physically, the Disaster Relief Committee in Medan rendered them the greatest
economic support.

Prior to the tsunami, there were only 65 Chinese groups in Medan, all of which participated in aid efforts
after the tsunami. To unify actions, the North Sumatra Chinese Disaster Relief Committee (hereinafter
referred to as “Medan Disaster Relief Committee”) was established on January 7th, 2005. Thanks to
coverage about Mulian Village and Medan Disaster Relief Committee by Chinese media, the Chinese
Charity Foundation, Macau Red Cross, etc all donated money and aid materials. Also because of the
existence of the village, the local government of Banda Aceh visited the village, requesting the Chinese there
to return to the affected areas.
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Activities of the Medan Disaster Relief Committee were conducted in Medan and Banda Aceh respectively.
The Committee organized its over 40 members into Financial Team, Medical Team, Education Team,
Resident Resettlement Team and Mobilization Team. The Medical Team mainly assisted the Mainland
China Aid Team as well as Singaporean and Chinese Taiwan medical aid efforts subject to no ethnic
limitations. With 10 members, the Education Team aimed at helping children whose parents had taken refuge
in Medan to access local school education. Ultimately, there were over 1,000 children joined Medan schools.
The Resident Resettlement Team cooperated with the Mulia Mutual Assistance Association to ensure
residences for refugees. At the beginning, refugees in Medan were classified into Chinese or Muslims and
subsequently sent to different aid organizations. Chinese were sent to their relatives or Mulia Village.
Around 1,500 victims were arranged into vacant houses and over 400 villager households in the village for
refuge. In April, 2005 when the situation in the affected areas stabilized, the Mobilization Team of Medan
Disaster Relief Committee started work. They mainly mobilized the victims to return to Banda Aceh. First,
they led the Chinese refugees in Medan back to Banda Aceh for confirmation of the local conditions. In this
end, they prepared two big couches that went to and fro between Medan and Banda Aceh every day. Upon
return, the Chinese informed that the sewerage pipelines were blocked in Banda Aceh, hence impossible for
them to return to normal life. After confirming accuracy of the information, the Medan Disaster Relief
Committee contacted the Banda Aceh Government. Learning that the later did not have fund to do the repair,
the committee donated the fund to restore the sewerage system and waste-water treatment facilities.

The Medan Disaster Relief Committee worked in Banda Aceh as entrusted. To begin with, it set up the
“Aceh Relief Station” in the affected areas one week after the tsunami. The Relief Station, located at the
Hokien Huay Kuan, was operated by managers of the Huay Kuan and funded by the Medan Disaster Relief
Committee to pay for meals and living expenses of tsunami victims.

The Medan Disaster Relief Committee mobilized resources from Chinese groups in Medan and connected
Medan with Jakarta via the Chinese Disaster Relief Centre in Jakarta. Should its efforts stop as such, its aid
to the affected areas would be limited to Indonesia alone. In fact, the Medan Disaster Relief Committee also
mobilized economic resources from the Chinese community in Malaysia including the Federation of Chinese
Associations, the Hainan Huay Kuan, the Nanyang Press Foundation, Sin Chew Media and Teachers
Confederation. The Medan Disaster Relief Committee was set up as an aid organization focusing on “middle
and lower class Chinese”. Reportage by Chinese media, however, attracted attention of the international
Chinese society and the committee eventually gained aid from Mainland China and Macau.

With generous donations from the global Chinese communities, the Medan Disaster Relief Committee was
able to carry out a rich variety of aid activities. In about 6 month’s emergency aid, the committee provided
food and shelter to more than 7,500 Chinese victims and distributed USD 3 million disaster relief fund to
1,250 Chinese households. Moreover, with support from the Nanyang Press Group of Malaysia, the
committee set up the “National Patriotic Fund” for the 43 tsunami orphans. Through the committee, about
USD 6 million was mobilized for emergency aid.

In summary, aid for the Chinese ethnic group centred around the emergency group, the Medan Disaster
Relief Committee, and extended to involve Chinese communities all over the world. On the other hand, such
cross-regional aid was able to penetrate into the local society thanks to aid organizations that already existed
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and operated in the affected areas prior to the tsunami. Resource mobilization ability of emergency groups
was linked with already existing Chinese networks which extended into Chinese communities in South East
Asia such as Medan, Malaysia or even Singapore and Hong Kong. However, should there be no such
emergency organizations in Medan, aid for the Indonesian Chinese might well have remained just
small-scale aid limited to Chinese alone. Without support from government, the Medan Disaster Relief
Committee played the major role of the volunteer coordination mechanism for Chinese ethnic group.

The Volunteer Coordination Mechanism for Wenchuan Earthquake in China

In May 2009, the Information Office of the PRC State Council indicated in China’s Disaster Reduction
Action that “After the catastrophic earthquake in Wenchuan of Sichuan Province, the public in general,
businesses and social organizations in China all participated in emergency aid, with over 3 million volunteers
from home and abroad penetrating into affected areas and more than 10 million volunteers joining off-site
disaster relief efforts”. (Xinhua News Agency: HP 2009.12.12)

A summary of relevant literature finds that coordination of volunteers after the Wenchuan Earthquake
featured two categories: coordination organizations set up in affected areas and those established in nearby
non-affected areas.

Category 1 Coordination Body came into being in Zundao Township, a severely affected area. Due to the
death of major township leaders in the earthquake and the huge post-quake work load, the “Volunteer
Coordination Office” was set up in Zundao through coordination efforts by renown Chinese enterprises. The
office coordinated volunteer activities under the guidance of the Township Youth League. On September
26th, 2008, the Social Resources Coordination Panel was initiated chaired by the Township Party Secretary
General and with Deputy Township Party Secretary General and business volunteers holding deputy
positions. The Social Resources Coordination Office was established under the leadership of the Panel but
headed by corporate volunteers. Hence, this was a temporary organization connecting the government,
business community and volunteers. Corporate volunteers dominated this coordination mechanism,
conducive to mobilization of economic and material resources.

Category 2 Coordination Mechanism was represented by the NGO Confederation in Chengdu. During the
emergency aid stage, two volunteer coordination bodies sprang up out of the existing civil society
organizations, namely, the “5-12 Civil Society Assistance and Service Centre” and the “NGO Joint Office for
Disaster Relief in Sichuan”. In addition, Chengdu also witnessed the birth of a temporary International NGO
Volunteer Centre. However, due to the lack of local knowledge on the part of overseas organizations and the
inability of foreigners to enter the affected areas, domestic volunteers found it hard to cooperate with such an
ad hoc International NGOs  (Han, 2009:250) .

The above two volunteer coordination mechanisms are unique in their respective action patterns and
organizational compositions. On May 15th, 2008, the Chengdu Urban River Research Society established the
“5-12 Civil Society Assistance and Service Centre” in cooperation with other civil society organizations. The
Centre mainly provided aid information services to volunteers and civil society organizations that
participated in the 5-12 quake relief efforts under the principles of “Party Committee leadership, government
accountability, society cooperation, and public participation”. The “5-12 Civil Society Assistance and
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Service Centre” was based on volunteer groups already existing prior to the earthquake with its main

organizors also located in Chengdu. The Centre consisted of 34 member organizations among which 17 were

working in Sichuan. 8 out of these 17 were members of the Sichan Youth Volunteer Project. In terms of

organizational nature, the 34 members included 18 local organizations, 6 international development bodies, 4

foundations and NGO support organizations, 3 volunteer organizations and 3 Internet philanthropic bodies
(Zhu et al. 2009:74) .

The “NGO Joint Office for Disaster Relief in Sichuan” born on May 14th, 2008, existed for 3 weeks after the
earthquake. Its member organizations were volunteer groups no longer located in either affected areas or
Chengdu. Online contact was its main form of action. “During the quake emergency relief period, the office
boasted 77,000-page monthly traffic volume with peak click of single post reply reaching 7.7million times
and total amount of integrated relief information exceeding 1,100 pieces”. Actions of the Office were
completed by its frontline coordination team. Over 40 local NGOs combined to collect disaster relief
materials, recruit vehicle fleets, conducted demand investigation in the affected areas and provided services
for other NGOs and volunteer groups under coordination of the Office. During the action period, the NGO
Joint Office for Disaster Relief in Sichuan helped transfer emergency aid materials valued at RMBZ11million
in total.

After the Wenchuan Earthquake, a large number of volunteers participated in after-quake assistance, the first
of its kind in the Chinese history. The coordination mechanism for volunteer organizations came into being
in actual practice. In their aid actions, such mechanisms self-consciously accepted government guidance or
coordinated with governments at different levels. Their member organizations included official NGOs,
which ensured continuity of their activities. In addition, although such coordination mechanism were of a
temporary post-quake nature, the participating organizations already conducted activities locally prior to the
earthquake, ensuring the feasibility of carrying out organized aid activities and mobilizing off-site resources.
This applied to international aid organizations in particular. Compared with ad hoc aid bodies born after the
earthquake, those groups that had long experiences of local aid were able to join post-quake assistance
networks for joint activities with greater ease.

Discussion

Response patterns between Indonesia and China are very different. In Indonesia, NGOs played an active role
while in China governments played the leading role.

The research shows that the adaptation mechanism for the Chinese-Ethnic aid groups played an active role:
(1) groups within the Chinese community played some role; (2) Emergency groups, especially emergency
groups in Medan played an active role; (3) Emergency groups linked the aid groups in Medan and Banda
Aceh, even Chinese groups in South-eastern Asia. (4) Local emergency groups in Banda Aceh penetrated
their aids to the Chinese community. (5) Cooperation among local and global groups was embedded in the
daily life of the Chinese community across Banda Aceh and Medan.

Research on Wenchuan Earthquake finds that (1) some local governments were damaged by the Earthquake;
(2) adaptation mechanisms among volunteers, victims and governments
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emerged after the earthquake; (3) the adaptation mechanisms for aid groups operated effectively including
coordination with the local government; and (4) with recovery of the local government recovered, the
adaptation mechanism was transferred to the local government.

The two case studies enjoy the following commonalities. First, aid organizations based on existing social
groups and born after catastrophes became nodes of the aid organization networks. Confederation of larger
aid organizations may mobilize more resources from non-affected areas to affected areas. Second, among the
aid organization coordination mechanism, the extensive disaster relief organizations set up in large cities
nearest to the affected areas played a key role. It is thus imperative to establish interactive mechanisms in
areas prone to disasters. Third, the coordination mechanisms in the two case studies replaced government
functions to some extent. In terms of difference, the Indonesian Chinese coordination mechanism fully
substituted government functions ranging from collecting statistics about casualties to operation of refuges.
This had something to do with disaster impacts on the local governments and weak disaster relief capability
of the Central Government on the one hand and with long-term exclusion of Chinese ethnic groups in
Indonesia on the other. In China, the volunteer coordination mechanisms mainly played the role of providing
integrated information about affected areas, which was indispensable from the strong government functions
in China. Fourthly, such aid coordination mechanism could be both inter-organizational and between the
government and NGOs. Roles played by public assistance aid systems tend to determine such different
relations. Finally, comparison of the two case studies finds that the categories of organizations that get
involved in post-disaster aid tend to be linked to the existence of local civil society organizations prior to the
disasters. In order to effectively build up capacity for disaster prevention and reduction, provision of disaster
preparation programs applicable to existence patterns of local social groups is an inevitable choice. Likewise,
the cooperation between government and NGOs links to the effectiveness of aid. Especially in developing
countries, not only the capacity for government, but also NGOs should be improved.
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Abstract

By providing better gathering, communication and processing information on site, we believe that mobile
information technology can be a valuable tool to increase the speed, precision, efficiency and effectiveness
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of rescuing operations after earthquake. Therefore, there is so much work which focuses on those aspects,
such as collaborative operation of map browse, data transformation protocol. However, the introduction
about an implemental framework of running a mobile response platform is rarely proposed. This paper
constructs a mobile information platform of earthquake mobile response and rescue (EQMRR) developed by
National Earthquake Response Support Server (NERSS), which have applied in the earthquake rescuing in
china. EQMRR provides functions including message dispatch, data sharing, location service and disaster
area analysis, which assists team members to access maps, predefined response plans, property information
and access hazardous material databases. Relying on wireless networks, it is possible for EQMRR to
exchange information between team members and headquarters, which is great helpful for making decision
and planning.

1 background

The interest in mobile information technology for emergency response (ER) comes from the simple fact that
an important part of this work is done in the field. With little or no infrastructure to rely on, ER operatives
have to make do with the tools they bring along. The system support strategic plan and decision making is
very valuable. However the effects of emergency response work eventually have to be created on site. As
current and foreseeable innovations in mobile information, mobile system can provide better gathering,
communication and processing of relevant information between all actors involved, unquestionably mobile
information technology can increase the speed, precision, efficiency and effectiveness of their operations. In
China, especially suffering from Wenchuan earthquake, an effective ER information platform is in dire need.
The platform must support large scale rescue in extreme hard disaster environment. Therefore a mobile
response system is an indispensable part for entire platform. This paper introduces an Earthquake Mobile
Rescue Response platform (EQMRR) which deploy on cellular phone.

This paper is divided into five parts. After making a survey on the related research work about mobile
response system in section 2, we conduct the requirements of mobile responding system in section 3. Then,
section 4 introduces the framework of EQMRR, and we present actual results of EQMRR, including the
position track and time cost of data transfer to verify the practicality.

2 Relation research

The great potential benefit that usable mobile IT could yield in the domain of emergency response and the
specific design challenges for such technologies in this particularly unforgiving domain, that there are lots of
work been propose from different disciplines and backgrounds. Especially, First International Workshop on
Mobile Information Technology for Emergency Response was held in 2007, Sankt Augustin, Germany,
which indicated the research in this domain is already getting into the mature period.

There are four main domains in this research. Firstly, standardization is discussed. Although it may become

an obstacle to innovation, standardization might help in building solutions from well proven technologies

and that it would also foster interoperability. Secondly, the question of how all the information that might be

obtained from mobile information technology is discussed. It specific team members need information that is

relevant for their current task [1]. Thirdly, the importance of understanding and designing for the actual work

of emergency response professionals was stressed. On a more serious note it was stressed that empirical
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studies to understand the actual work and needs of ER professionals is one of the weak points of current
research and development that needs to be extended. At last, the co-operation of client and service is
discussed [2] [3]. Besides efficiency is considering, security of communication has brought into sight. This
paper proposes an application which integrates some of above research result.

3 Requirements

Considering the extreme environment of rescue operation, the mobile platform must provide necessary and
sufficient functions. At the site, most of infrastructure may destroy, so position location and direction
navigation is important. This requirement includes two aspects. First, a team member needs to know his own
position by receiving GNSS signal and markup to the electric map. Second, in order to guarantee security of
all actors, control center needs to trace all actors. With wireless network, client can sends its coordinate and
other data back to control center system. Even if team members happen to meet dangerous, first-aid
personnel will set out promptly.
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Figure 1 requirements of mobile response platform

As smart phones grow in popularity, mobile client was not only a simple communication tool but also a work
assistant for rescue actor [4]. First, knowledge search function is so important; actor in-site can look up
official documents, area maps, emergency plan and phone book. Second, mobile phone is also able to do
some valuable computing such as isoseismal line analysis, nearby dangerous point search. Especially, mobile
GIS technology shows a great potential for assistant rescue [5].

The information communication is the most useful function for mobile response. With wireless network
(Wi-Fi, GPRS, 3G), lots of information(form, photo, audio, video) captured on-site can be submitted to
control center, while command and messages of center control can promptly published to every actor. High
speed network will achieve control remote rescue operation.

4 Implement

EQMRR is typical mobile client/Severer system. The framework is shown in Fig.2, which is made up with 6
levels. EQMRR’s user includes team director, specialist, researcher, and rescue actor. User level defines the
users’ permissions according to their duty, Service level provide API for mobile client invoking, which
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include file transfer service, analysis service, message service, location based service, video transfer service.
All above service follows Service-oriented architecture (SOA) standard. Those services implement in
application level. All data is managed in database, which include toolkits resource, history of the disaster,
electric map and economy statics. All this parts must run on operation system and hardware.

director specialist reasercher actor
Client system
network 3G GPRS WiFi
, Disaster [ Knowledge | SMS System Video
server [F’MP I}[assessment][ search J[ API ][maintain ][ WAP ][ API ]

Server system

ent | Spatial Data Location || Permission Map RSTP
Analsys query Trace manage Browse Coder

data | df)fﬁuc |[ Knowledge ]|Hi5torv data][ Eackgruuﬂd ‘ Geodata ][ Maodel J
oeument base informat ien parameter
platform [ 05 ] [ GIS Engine ] [ DBMS 1 [ Web Service W
hardware [ Server ] [Vidco Captun:] [ Smart phone ] [ Network J

Figure 2 the logic framework of EQMRR

The protocol of communication is core of whole system. Video signal code by Real Time Streaming Protocol
(RTSP), Message sent by Short Message Service (SMS), form query uses hypertext Markup Language
(HTML), web publishes according to Wireless Application Protocol (WAP).

Control center
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Figure 3 the running time structure of EQMRR
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5 conclude

Through validating, EQMRR has been adopted by NERSS. It will play an important role in earthquake
rescue. On one hand EQMRR is able to enhance rescuer’s generating capacity of the field. On the other hand
unobstructed communication increases the efficiency. Field data supports the design making in control center,
and command also pass down the communicated to emergency response personnel. In future, it can be
predicted a real time, high mobility, multi-purpose information process platform will indispensable in
disaster rescue.
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DISASTER EMERGENCY RESPONSE AND RESCUE OPERATIONS OF
WENCHUAN MS 8.0 EARTHQUAKE

Qu Guosheng, Ning Baokun, Sun Gang, Liu Kang, Hu Weijian and Si Hongbo

National Earthquake Response Support Service (NERSS), China Earthquake Administration (CEA), P.R.
China

Abstract

The comprehensive investigation of 12, May, 2008, Wenchuan Ms 8.0 earthquake disaster area show that
there are three major disaster zones: (1) Central Longmen Mountain severe disaster zone from Yingxiu,
Yinchanggou, Hongbaizhen, Qingping, Gaochuan, Chaping, Beichuan, Chenjiaba, Pingtong, Nanba, Shikan,
Shuiguan, Magong, Shiba to Donghekou, which bounded by the central Longmen Mountain thrust and
dextral strike-slip faults, companying with some dozens of large scale in situ erupted rocks of pluvial fan,
and rock-fall and landslides, in the hanging wall or along the Central Longmen Mountain surface ruptures
and active faults. (2) Front Longmen Mountain heavy disaster zone from Xuankou, Hongkou, Bailu,
Hanwang, Northwest Shuishui to Xiaoba, which bounded by the front Longmen Mountain thrust and dextral
strike-slip faults, companying with many large scale landslides and collapses, in the hanging wall or along
the Front Longmen Mountain surface ruptures and active faults. (3) Western Sichuan Basin moderate-light
disaster zone with light damages of buildings and infrastructures, in the lying wall of front Longmen
Mountain thrust and dextral strike-slip faults. By the comprehensive analysis, it is found that the distribution
of central and front Longmen Mountain surface ruptures caused by Wenchuan Ms8.0 earthquake control the
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distributions of large scale of landslides, and caused severe damages of buildings and infrastructures and
casualties. It is found that the emergency response and rescue operations of Wenchuan earthquake in early
1-2 days were severe affected and delayed due to the large scale of landslides belts and quake-lakes within
100 km along and caused by the Front Longmen Mountains surface ruptures which cut whole of the roads,
bridges and railway in front belts of Longmen Mountains. Central Longmen Mountain severe disaster zone
become isolated islands for disaster information, communication, professional rescue operation. So the
rescue operations in these area were mainly depended on self-rescues or first responders. It is also found that
the local professional USAR team save more survives, such as Chengdu, Deyang, and Mianyang, then the
other USAR teams from provincial and international rescue teams.

Key Words

Wenchuan Ms 8.0 Earthquake, Disaster, Emergency Response, Rescue Operation

1 Introduction

In the history of China, there are several catastrophic earthquakes caused heavy casualties and economic
losses. In 1303, the 8.0-magnitude earthquake in Hongtong, Shanxi, China caused 200,000 deaths. In 1556,
the 8.5-magnitude earthquake in Huaxian County, Shanxi, China and the plague after the disaster caused
830,000 deaths. In 1668, the 8.5-magnitude earthquake in Tancheng, Shangdong, China caused 50,000
deaths. In 1920, the 8.5-magnitude earthquake in Haiyuan, Gansu Province, China caused 234,000 deaths. In
1976, the 7.8-magnitude earthquake in Tangshan, Hebei Province, China caused 242,000 deaths. All of these
huge earthquakes made a great casualty and economic losses are concerned with the compression from India
plate to Tibet plateau and then to Northern China Basin area.

In 14:28, 12, May, 2008, a huge earthquake with magnitude 8.0 occur in Wenchuan, Sichuan, China, which
caused 87,000 death, 370,000 injured, the economics losses 845.1 billion Yuan, RMB, and 50,000,000
homeless persons.

After Wenchuan 8.0 earthquake, there are many experts focus on the mechanism and disaster of this huge
earthquake. This paper is focus on the emergence responses and rescue operation of this catastrophe.
Through the comprehensive investigations in Wenchuan earthquake impacted area on disasters and related
emergency response and rescue operation, some principles were found: the emergency response and rescue
operations of Wenchuan earthquake in early 1-2 days were severe affected and delayed by Front Longmen
Mountains landslides. The Central Longmen Mountain severe disaster zone is the isolated islands for disaster
information, communication, and professional rescue operation. So the rescue operations in these area were
mainly depended on self-rescues or first responders.

2 Distributions of Wenchuan Ms 8.0 Earthquake Disasters

Wenchuan Ms 8.0 earthquake makes severe damages to Sichuan, Shanxi and Gansu, as well as Chongging
and Ningxia Province. Billion of the buildings and infrastructures were destroyed or damaged. The
distribution of Wenchuan Ms 8.0 earthquake disasters area can be identified into Central Longmen
Mountains thrust--strike-slip faults--rockfall and large scale landslide belts (CLM Faults--Rockfall Belts),
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and Front Longmen Mountains Thrust Faults--Landslide Belts (FLM Faults--Landslide Belts) as well as rear
LM light damaged area and Sichuan Basin light damaged area (Fig.1, Fig.2).
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Fig.1 Distribution of landslides caused by Wenchuan earthquake
(Based on Huang Rungiu, 2008)

2.1 Geological structures of Longmen Mountains

Longmen Mountains locate in the west Sichuan Province with strike NE-SW as the east boundary of Tibet
thrusting to the Yangtze Plate. Longmen Mountains consist of a series of thrust sheets and folded belts. It
could be divided into the rear Longmen Mountains thrust belts, central Longmen Mountains (CLM) thrust
belts, and front Longmen Mountains (FLM) thrust belts. Whole of the thrust belts thrust to the eastward of
the foreland basin (Fig.3). Structures of Longmen Mountains along strike could be divided into three
segments: the North Segment, the Middle Segment and the South Segment (Fig.3).

89



E s B HZ S (TIEMS)
%17 JafE<y, 201046 H 8-11 H
ERES Iy

10 ¢ 0" e [ o e o ¥ 105" ¢ w0 ¥ o ¥ 108~ 1 108 ¥

oy
e .mua&

sn
P o

| =
S ',“:M PR

(& Y aFe
WRAEREL s o g
© ?!A; ’ “W LR

AT

K

L L

A
® =
e
an
v B -
X
- we | . w
- ‘ = 25k i m&uml: "“l_!sz""f :i;, . ' i
| o o

FER ol :g“ :- wE fen . )

r ! PR el oF 02550 100 4%

Fig. 2 Intensity Map of Wenchuan Earthquake (Based on CEA, 2008)

The North Segment is located in the North of Macaotan, with the thrusting mountains directly to the
deformed Yangtze platform. The surface ruptures of Wenchuan earthquake have the dextral strike-slip

_ and southwest of Donghekou where distribute a large scale

rock-fall and landslide belts and severe damaged buildings and infrastructures. The front thrust faults of this
segment didn’t move during the earthquake, so there are no heavy damages.

The Middle Segment is located from Dujiangyan or Yingxiuzhen to the south of Anxian, the thrusting
mountains directly to the foreland basin of Sichuan. Wenchuan Ms 8.0 earthquake cause two surface rupture
zones in this segment. One is the Central Longmen Mountains Fault surface rupture (total length is about
320Km). Another is the Front Thrust Fault surface rupture (total length is about 72Km) (Fig.3). Two surface
ruptures are thrust fault thrusting from mountains to basin area.

2.2 Disaster along the Central LM Faults--Rockfall Belts

This belt is severe damaged with intensity X-XI from Yingxiu, Longmenshan, Hongbai, Qingping,
Gaochuan, Chaping, Beichuan, Chenjiaba, Guixi, Pingtong, Xiangyan, Nanba, Shikan, Magong, Shiba, to
Hongguang about 320km. The main features are as follows:

(1) The Central Longmen Mountains faults are thrust mainly in middle segment, and thrust-strike-slip faults
in north segment, NE strike, dipping to NW. The vertical offset is about 5-6m, and the largest offset is 9m.
Component of strike-slip displacement increases from SW to NE with horizontal displacement of 3-4m.
There are about 35-40 large scale rockfalls and landslides which probably caused by the local shallow gas
trap exploration during the fault rupture.
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(2) The Central Longmen Mountains faults and large scale rockfalls caused about 30-40 towns and cities
severe damaged and some of them disappeared under large scale landslides. Most lost and death persons
were caused along this surface rupture zone. For example, Beichuan city, Yingxiu town were total destroyed
due to the surface rupture across the city or town (Fig.4).

ot o Ry

Fig.3 Geological, Structural Segmentation and Surface Ruptures of Longmen Mountains

South Segment is located in the South Dujiangyan where no surface ruptures and no heavy damaged.

Landslide of New site of
BeichuanMidsle School
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Fig.4 Beichuan city destroyed under the surface ruptures and landslides

2.3 Disaster along the Longmen Mountains Front Thrust Faults--Landslide Belts
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This belt is severe damaged also with intensity 1X-X from west of Dujiangyan, Hongkou, Xiang’e
Xiaoyudong, Bajiao, Yinghua, to Hanwang about 72km. The surface ruptures consist of two arcuate thrust
faults which caused heavy damages of buildings, highways, railways, industry factories. The main features
are as follows:

The Front Longmen Mountains thrusts are thrust faults, NE strike, dipping to NW which only developed in
middle segment of Longmen Mountains. The vertical displacement is about 2-3m, which become a bland
thrust in NE of Hanwang town (Fig.5). There are two arcuate thrust belts. One is Hongkou-Xiaoyudong
arcuate thrust fault with thrust features of thrust (eastward)-oblique thrust (from SW to NE) and strike-slip
(sinistral slip). Another is Bailu-Hanwang arcuate thrust fault with thrust features of thrust
(eastward)-oblique thrust (from SW to NE) and strike-slip (sinistral slip). There are many middle and large
scale landslides and quake-lakes caused by two arcuate thrust belts where many countryside roads and
highways, bridges destroyed. For example, there are 10km landslides and 5 big quake-lakes belts from
Qingping to Hanwang which covered and cut the highway so that the rescue teams couldn’t go into the
Qingping town during the first 2 days after Wenchuan earthquake (Fig.6). The front landslide and
guake-lakes belts display about 100km long along the front belts of the Middle Longmen Mountains caused
by the fault ruptures.

2.4 LM light damaged zones

LM light damaged zones are located between the Central LM Faults--Rockfall Belts and Front LM Thrust
Faults--Landslide Belts. The wideness of this light damaged zone is about 5-10km. There are no or less
landslides, light damages of buildings and infrastructures.

2.5 Sichuan Basin light damaged area

Sichuan Basin light damaged area is located in west Sichuan plain. There are light damages of buildings and
infrastructures and the damage degree (intensity) change very quick toward the basin (Fig. 2).

S | S R
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Fig.5 Surface ruptures and deformed Railway in Hanwang Town
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3 Emergency Responses of Wenchuan Ms 8.0 Earthquake

3.1 Emergency responses

Depends on the earthquake disaster situations, the earthquake disaster response levels could be classified into

4 grades in China domestic: catastrophe, serious disaster, moderate disaster, light disaster (Table 1).

.'z

s

Fig.6 More then 10 thousand person’s evac

£

15, May, 2008

uation along the former highway from Qingping to Hanwang in

Table 1 Classification of Earthquake Disaster Grades in China

Grades of Disaster

Critical Level

Early Decision

Death Toll GDP /Economic Losses | High Density Population Area
Catastrophe Over 300 Over 1% Large than 7.0
Serious Disaster 50—299 6.5—7.0
Moderate Disaster 20—49 6.0—6.5
Light Disaster Less 20 5.0—6.0

After 10 minutes of Wenchuan Ms 8.0 earthquake occurred, the parameters of this earthquake were received,
and then, the emergency response were started up:

Central government response: After earthquake, the first class response is start up. Primer Wen Jiabao start
up from Beijing to Chengdu two hours later of the earthquake.
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China Earthquake Administration (CEA) response: First class start up in 2: 40. More then 10000 persons
will be dead by the estimation of NERSS in 15:00 and give disaster information support. CISAR and On-site
Working Team were organized and information, equipments and logistic were prepared. CISAR and On-site
Working Team arrived Nanyuan Airport of Beijing in 18: 00. Two army airplanes start up in 20:00, and
arrived at Chengdu in 22:40.

Local government response: provincial, regional and county level of Sichuan, Shanxi, Gansu governments
operate as self organized, first responders, and self-rescues just after the earthquake.

By the comprehensive investigation, the time sequence of the response and rescue teams arriving at the
disaster sites as shown in Fig.7.
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Fig.7 Emergency response sequences of rescue teams in Wenchuan Earthquake

3.2 Natural Barriers analysis for Emergency Response and SAR operations

Although the responses from governments were very quickly, but when the rescue teams who come from
outside of disaster area arrived to Sichuan disaster area, there are many difficulties for them to go into the
deep mountains and severe disaster area. There are no information, no communication, no transportation, no
any supports for the deep mountains and severe disaster area.

Disaster distribution show that FLM thrust-landslide belts form the first natural barrier so that the disaster
information, victims, injured persons couldn’t communicate and transport outside of disaster area (Fig.6).
And SAR resources, equipments and logistic supports couldn’t transport into the disaster area.
Communication and highway interrupted totally by landslides in 130000Km?.

94



The International Emergency Management Society (TIEMS)

17" Annual Conference Proceedings, June 8" — 11" 2010

Beijing, China

CLM thrust-rockfall belts form the second natural barrier that make many towns and cities disappear and no
SAR resources, equipments and logistic supports go into these area in early two days.

So in 12-14, May, 2008, the responses of earthquake rescues in severe damaged mountains area are not
effectively due to the FLM landslides and CLM rockfalls and large scale landslides. The main operations are
self-rescues by first responders.

Fig.8 show that the temporal and spatial distribution of professional rescue teams change in the rescue
operation of Wenchuan Earthquake. Fig.8a show that there are only 4 professional rescue teams involved in
Chengdu, Deyang, Mianyang, and National Earthquake Disaster SAR Team (CISAR) in the disaster area in
12, May, but they were in the western Sichuan plain area even if premier minister Wenjiabao ask the rescue
teams must arrived at the severe damaged area. Fig.8b show that there are 16 professional rescue teams in
the disaster area in 13, May, but they were 6 teams arrived at the severe damaged area of Central Longmen
Mountains. Fig.8c show that there are 36 professional rescue teams in the disaster area in 14, May, but they
were 13 teams arrived at the severe damaged area of Central Longmen Mountains. There are no professional
rescue teams operated in Central Longmen Mountains from Yingxiu to Chaping due to the large scale of
landslides about 100km long along Front Longmen Mountains which cut off the highways, bridges,
communication and other infrastructures.

On May 12, 2008, twenty provinces started up their rescue teams, but only CISAR arrived in the disaster
area on the same day, so it is very urgent to plan and construct regional and local rescue team!

4.2. Analysis of the operation effects of professional SAR’s

1) According to the statistics, many of the survivals were rescued from building ruins primarily by the fire
and rescue teams in Sichuan Province, such as Chengdu, Deyang, and Mianyang, the secondarily by CISAR,
the thirdly by the mining rescue team and that from other provinces, and the fourthly by some of the
provincial and international rescue teams, which had rescue the least or nobody.

2) The rescue teams arriving at the site the earliest and familiar with the local situation have rescued the most
survivals, while those arriving at the site the latest and not familiar with the local situation have rescued only
a few or nobody.

3) The rescuing forces were distributed unevenly. In the area where information channel and road are smooth,
such as in Dujiangyan, the rescuing forces arrived the earliest and were even surplus, so the rescued were the
most. However, in the towns along the central fault of Longmen Mountains and the large rockfall, the
rescuing forces arrived very late, e.g. the PLA and some professional rescue teams arrived after May 14, so
few of the buried were saved.
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Fig. 8 Distributions and locations of professional SAR teams operated
in Wenchuan earthquake disaster area in 12 (a), 13 (b) and 14 (c), May, 2008

5 Experiences and Lessons

5.1 Experiences

1) The judgment of disaster situation is accurate and response of disaster is quick, so the rescue operation is
timely. 14 minutes after the earthquake, CEA judged quickly and accurately the magnitude and intensity of
Wenchuan Earthquake and decided that CISAR will start up totally. The rescue teams were organized and
converged. The high quality rescue equipment were prepared quickly and dispatched orderly in accordance
with level | response plan, so the response is effectively. CISAR arrived at the disaster area and obtained the
golden time that provide favorable conditions for successful rescue. Disaster information was accurately for
CISAR from central government so that CISAR change their locations very quickly during the rescue
operation from Dujiangyan city, Hanang town, Xingxiu town to Beichuan city (Fig.9).

2) On-site effective commanding, coordination of central government is high effectively. The on-site general
commanding center ordered and gave information to CISAR to rescue survives in Dujiangyan, Hanwang
Town, and Yingxiu Town etc (Fig.9).

3) Scientific planning, searching and rescuing on site operation. The guidance of “Doing the Best and

Rescuing Scientifically” has actually summarized a technical flow including on-site rescue planning,

comprehensive searching, effective rescue, and on-site medical treatment and first aid etc.. The scientific

working flows are as follows: Firstly, survey in details the ruins and decide the classification of the ruins,
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know well the pre-earthquake situation and use of the building, identify the risks, investigate the possible
space, draw plans of the structures of the ruins, and worked out rules for the rescue. Secondly, adopt single
item and comprehensive searching method for determining the location of the buried survivals. Thirdly,
work out plan on scientific rescue, and select the best position for life-rescue channel construction and the
best dynamic rescuing method, so as to rescue the buried survivals. Fourthly, on-site medical treatments are
necessary, including in-time transfusion, simple treatment with traumatic injury, and safety protection of the
rescued, so as to ensure safety of the survivals.
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Fig.9 Rescue operation and locations of CISAR in Wenchuan earthquake

4) Rapid judgment on post-earthquake disaster situation and effective guarantee for equipment and training.
The rapid judgment on post-earthquake disaster situation, effective guarantee for rescue equipments in daily
time and operation time as well as regular training each year, and highly experienced experts and the trainers
team become the powerful guarantee for the successful rescue in the very severe disaster.

5.2 Lessons

1) At the early stage of the rescue after Wenchuan Earthquake, as communication, highway, bridges and road
were broken off, the information on disaster situation could not be obtained and sent rapidly to the on-site
commanding center, so the disaster situation and degree were not very clear; from May 13 to 14, the
communication by maritime satellite was also jammed, so the order could not be sent in time. As no accurate
information could be obtained, the rescue teams could not reach to the area that the rescue are needed
imminence, and so the proper opportunities for rescue were lost to a certain extent.

2) As the disaster situation was not clear and the communication was jammed, the rescue decision-making

ability was not very high. The on-site SAR teams could not obtain the information quickly and the rear

information supporters could not provide information service support quickly and sufficiently. Presently,
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the technical system can not provide complete service for rescue decision-making. In the rescue operation of
Wenchuan Earthquake, information and tracking service were only provided for CISAR as it’s unable to
provide for all the professional rescue teams.

3) During the Wenchuan earthquake rescue mission, unified command and coordination are not enough for
the on-site coordination of professional teams. In the situation that the disaster range was very large and the
degree was very high, the rescuing forces were surplus in some areas while inadequate in some severe
disaster areas.

Conclusions

There are three major disaster zones: Central Longmen Mountain severe disaster zone companying with
large scale rock-fall and landslides, Front Longmen Mountain heavy disaster zone companying with many
large scale landslides and collapses, Western Sichuan Basin moderate-light disaster zone. It is found that the
distribution of central and front Longmen Mountain surface ruptures caused by Wenchuan Ms8.0 earthquake
control the distributions of large scale of landslides, and caused severe damages of buildings and
infrastructures and casualties.

It is found that due to the large scale of landslides belts and quake-lakes within 100 km along and caused by
the Front Longmen Mountains surface ruptures which cut whole of the roads, bridges and railway in front
belts of Longmen Mountains, the emergency response and rescue operations of Wenchuan earthquake in
early 1-2 days were severe affected and delayed by these natural barrier.

Central Longmen Mountain severe disaster zone become isolated islands for disaster information,
communication, professional rescue operation. So the rescue operations in these area were mainly depended
on self-rescues or first responders. It is also found that the local professional USAR team save more survives,
then the other USAR teams from provincial and international rescue teams.
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Background: Nepal is exposed to multiple hazards due to the climate change, variable geo-climatic
conditions, young geology, unplanned settlements, deforestation environmental degradation and increasing
population. Climate change is one of the key factors for the occurrences of multiple hazards.

Context: Monsoon climate is predominant in Nepal. Torrential rains during the monsoon render the country
highly susceptible to water induced natural disasters such as floods, landslides, flash floods, debris flows,
slope failures and Glacier Lake Outburst Floods (GLOFs). It is found that due to global warming, the volume
of water in the Glacial lakes is on the rise. In the last 100 years the world’s average temperature has risen
rapidly than in the last 10,000 years. The temperature rise has caused snow melt in the region, making the
possibility of occurrence of more GLOFs in the future. The potential threat of GLOFs is growing in Nepal as
Nepal’s Northern part of the mountain contain over 3,252 glaciers - out of which 26 are potentially
dangerous.

Conclusion: Greenhouse gases from human activities are among the major causes for the alarming situations
of climate change and global warming. Various studies show pressing need to calculate carbon appropriation,
the basis for calculating the impact of ecological imbalance particularly - deforestation. Stopping
deforestation and building healthy environment should be the key issues in climate change policy of every
government. Then it will provide a way for millions of poor people in developing countries to benefit
directly. Such policy will help to reduce deforestation, maintain ecological balance and allow the nations to
sell credits for successful programs combating carbon dioxide. On the other hand, developed countries that
pollute more than the allowed limits under the existing Kyoto accord would be able to buy the carbon credits
to balance their emission levels and help to fund forest protection plan and programs.

1. Background:

Nepal, a small and land locked country in South Asia is exposed to multiple hazards due to the variable
geo-climatic conditions, young geology, unplanned settlements, deforestation environmental degradation and
increasing population. Climate change is one of the key factors for the occurrences of various types of
disasters. The vast altitudinal variation within a short span of about 193 km, ranging from 60 meters to 8848
meters above sea level makes the country an abundant storehouse of bio-diversity and ecological niches with
diverse agro-climatic zones ranging from the sub-tropical to the alpine and tundra (Poudyal Chhetri and
Bhattarai 2001). On the other hand, increasing population, rapid and unplanned urbanization and other
economic activities in vulnerable areas are other contributing factors to increase hazards. Hence, Nepal is a
global hot spot for several types of disasters.

The South Asian monsoon is one of the most important and influential phenomena of the earth’s climate
system. The modern large-scale, time averaged seasonal variations in the South Asian monsoon system are
fairly well understood and are linked to the greater heat capacity of the ocean relative to the surrounding land
masses. During summer in the Northern Hemisphere, the Tibetan Plateau warms rapidly relative to the
Indian Ocean. The resulting low pressure over Asia and higher pressure over the ocean gives rise to the
strong low-level atmospheric pressure gradient that, in turn, generates the south-west monsoon from the
Indian Ocean. In years of low snowfall, the Tibetan Plateau is able to warm earlier and generate stronger
monsoonal circulation. Deep snow and associated influences on albedo (reflected light or radiation) and soil
hydrology delay and weaken the monsoon. The South Asian monsoon during the last glacial period was
significantly weaker than at present, and was abruptly strengthened during the beginning of Holocene Period
around 12,000 years ago (Overpeck and Cole 2007). In the winter, the continent cools relative to the ocean,
the pressure gradient is completely reversed, and the dominant flow across the Arabian Sea becomes north
easterly and, therefore, the South Asian region receives little precipitation. Arguments based on physical
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phenomena clearly indicate that global warming will cause an increase of evaporation from the ocean. A

warmer atmosphere can carry more moisture, which can lead to larger amounts of precipitable water. Global

warming will also induce higher temperature differences between land and sea surfaces, causing an increased

transport of precipitable water to the continents and an increase in frequency of intense rainfall. Recent

results from global coupled models generally agree with these scenarios. The global coupled

ocean-atmosphere climate model of the National Centre for Atmospheric Research produces greater mean
precipitation in the South Asian summer monsoon region (Lal et al. 1998).

2. The Global Context:

Studies have shown that in the last 100 years the world’s average temperature has risen rapidly than in the
last 10,000 years. The scale of temperature rise is in increasing trend. Out of the 10 recorded warmest years
in history, nine were recorded during the last decade. The global mean temperature is expected to increase
between 1.4 to 5.8€ over the next hundred years. The adverse effects of such change in global climate are
seen in the Himalayas where glaciers and glacial lakes have been changed into huge threats. Himalayan
glaciers are retreating at rates ranging from 10 to 60 m per year and many small glaciers (<0.2 sg.km) have
vanished. The boundary of most of the high altitude valley glaciers in Bhutan, China and Nepal are
diminishing quickly. Glaciers in the Himalaya are thinning faster than elsewhere in the world. In this
situation, some scientists have estimated that they might disappear by the year 2035. Thus, climate change is
shrinking the mountain glaciers and directly affecting the landscape and threatening water supplies all over
the world. In such a way, the Himalayan glaciers can be considered as a reliable indicator of climate change.
It is a matter of grave concern to millions of people depending upon the water resources coming from these
glaciers.

The greater Himalayan region - the roof of the world has the largest concentrations of glaciers and
permafrost outside the polar region, with nearly 33,000 km 2 of glacier coverage. It is the most extensive and
rugged high altitude areas on Earth. The 15,000 Himalayan glaciers that create the "Water Tower of Asia" -
the largest block of fresh water outside the Polar Ice Caps - have been melting forever. But they are suddenly
melting so fast that they are drying up. It will take decades, but at the rate the earth is warming, they may
disappear earlier. These "Water Towers of Asia" contribute crucially to the water supply of hundreds
millions of people during dry season, feeding seven of Asia's great rivers: the Ganga, Indus, Brahmaputra,
Salween, Mekong, Yangtze and Huang He in which basins more than 1.3 billion people find their livelihoods.
The region also includes rare and endangered species like rhinos, tigers, elephants, snow leopards, red
pandas, Himalayan black bears and many more other flora and fauna. The Himalayas may never be the same
again. The forests growing on the roof of the world are disappearing and the rate of deforestation is so rapid
that a quarter of animal and plant species native to this biodiversity hotspot, including tigers and leopards,
could be gone by the end of the century (Upreti, 2008).

For the last 10,000 years we have been living in a remarkably stable climate that has allowed the whole of
human development to take place, now we see the potential for sudden changes of between 2 and 6 degrees
Celsius (by the end of this century). We just do not know what the world is like at those temperatures. We
are climbing out of the safe zone (Corell 2007).

3. Effects of Global Warming in the Nepalese Mountains and Beyond:

Mountain regions occupy about a quarter of the global terrestrial land surface and provide goods and services
to more than half of the inhabitants. The rise of the Himalaya and Tibetan Plateau together that started about
50 million years before caused a tremendous impact on the regional and global climate of the world. The
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Himalayan region has long been recognized as extremely rich in animal and especially plant diversity.
Himalayan watersheds harbor more diverse ecosystems than the Amazon. The rise of the Himalaya and
Tibetan Plateau together caused a tremendous impact on the regional and global climate of the world. During
the summer season warm moist wind blows from ocean to land. While in winter time, cold dry wind blows
from land to ocean. Monsoon circulation involves a change of approximately 180 degree in the direction of
wind between the summer and winter (Upreti, 2008).

Physiographically, the country is divided into five regions namely: the Tarai (flat and fertile southern plain
land that extends from east to west of Nepal), the Churiya hills (very fragile small hilly region of Nepal), the
Middle hills, the High hills and the Himalayas. Ecologically, the country is divided into three regions
running from north to south, namely; the Tarai, the Hills and the Mountains. Nepal is influenced by
monsoonic rainfall which starts from the middle of June and lasts until the middle of September. Nepal also
experiences some amount of rainfall during the winter between January to March. However, about 85
percent of total precipitation occurs during the monsoon. The monsoonic rain first strikes the south eastern
part of the country and gradually moves towards the west, with diminishing intensity. Thus the eastern part
of the country generally experiences more rain than the western part during this season. On the contrary, the
rain in winter, caused by western disturbances, enters Nepal from the west and gradually moves eastward
with diminishing intensity. In both cases, the rainfall intensity is maximum in the Hilly regions of the central
part of the country, particularly the southern flanks of the Annapurna Range goes on decreasing both on the
Northern and Southern sides. This is mainly due to highly spatially varying topography resulting in varying
orographic effects in the country. During the monsoon about 64 percent of the rainfall drains out
immediately as surface runoff. Of the remaining 36 percent, some is retained in the form of snow in the high
Himalayas, some percolates through the ground as groundwater, and some is lost by evaporation and
transpiration. The retained water in the forms of snow and ground water acts as natural reservoirs which feed
the rivers to keep them flowing during the dry season. In the Northern Himalayan region precipitation occurs
in the form of snow. Glaciers and snow melt influence the hydrological behavior of the major rivers. Nearly
8 percent of the country's area is estimated to be under permanent snow cover. Snow fall is estimated to
contribute about 10 percent of the total precipitation. The potential evapotranspiration (PET) ranges from
over 1350 mm per year in the central and eastern Tarai regions to less than 750 mm in the Eastern Himalayas.
In the mid-western and far western Tarai regions it is observed to be about 1150 mm per year (Poudyal
Chhetri and Bhattarai 2001).

Studies show that rainfall patterns are influenced by climatological phenomena including the EI
Nino/Southern Oscillation as well as changes in regional-scale land and sea surface temperature (Mirza,
2003). Studies also indicate that local variations in rainfall amounts and timing can be high, with ridges
receiving four to five times the amounts that valley do (Higuchi et. Al. 1982; Barros and Lang, 2003).

Nepal’s 83% land mass is mountainous terrain. The wide range in altitudinal variation along its width gives
rise to a steep and rugged topography and extreme relief. Steep and unstable slopes, rugged terrain, active
geodynamic processes and intense monsoon rains make the Himalaya an active and fragile mountain range.
As the nature of the Himalaya suggests, landslides and debris flows and floods are the main types of
water-induced hazards in the region and in Nepal. These hazards time to time wipe out entire villages, wash
out roads, bridges, canals and hydropower plants and damage hectares of valuable agricultural land during
the monsoon season. Besides substantial economic losses, more than 320 people on average lose their lives
in the Nepal Himalaya alone. Other losses from these hazards are on a rise every year. Many factors trigger
debris mass movement or debris flows. Among the most common triggers in the Himalaya are prolonged or
heavy monsoon rains. Rainfall can lead to mass movement of debris by reducing the internal or binding
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strength of soil and other materials through three different mechanisms. The saturation of soil materials
increases the weight of slope materials and creates greater gravitational force. Saturation of soil materials can
reduce the cohesive bond of individual soil particles and water can serve as a lubricant along the interface
between soil and rock and along the weakness zones of rocks, such as joints, cracks and fault planes. The
first two mechanisms often act in combination. Rainfall intensity and duration thresholds for triggering
landslides have been widely identified in many different climates and geological settings. Caine and Mool
(1982) estimate a threshold rain of 100 mm day-1 to trigger a landslide and lead to a debris flow such as had
happened in the Kolphu Khola drainage basin area, central Nepal in 1980. The intensity and duration of
rainfall that can initiate a landslide depends on many factors. However, most landslides and debris flows
reported in the Nepal Himalaya are either associated with intense or sustained monsoon precipitation (Dhital
2003, Adhikari and Koshimizu 2005).

There is likely to be increased severity and frequency of monsoonal storms and flooding in the Himalayas,
which are expected outcomes of climate change, may significantly alter the area's erosion, river discharge
and sediment dynamics. Eventually, this may affect existing hydropower reservoirs, as well as those planned
for construction in the Himalayas. Part of the generated sediment may be deposited on agricultural lands or
in irrigation canals and streams, which will contribute to deterioration in crop production and in the quality
of agricultural lands.

Geo-scientists have found that due to global warming, the number and volume of glacier-lake outburst flood
hazards are on the rise. Some of these floods have produced discharge rates of up to 30,000 m*/sec and can
run for distances of 200 km (Richardson and Reynolds, 2000). Considering the average vertical lapse rate of
6.5<C per kilometer, it was found that almost 20% of the present glaciated area above 5000 meter altitude are
likely to be snow and glacier free area with an increase of air temperature by 1<C. Similarly, 3<C and 4<C
rise in temperature could result into the loss of 58% and 70% of snow and glaciated areas respectively. Such
changes are likely to contribute to the faster development of glacier lakes leading consequently to the
increase in potential of glacier-lake outburst flood hazards. Also, increase in precipitation by more than 20%
is likely to cause significant increase in sediment delivery and more than 20% increase in annual sediment
deposit could be expected in a scenario of 50% increase in annual precipitation (MoPE, 2004). The above
figures and situation warn us on the effect of global warming and climate change in the GLOFs. The outburst
of huge GLOFs may cause enormous loss not only in Nepal that will extend up to North India, Bhutan and
China.

Global climate change is affecting the Himalaya much faster than previously thought and mountaineers have
been the first to notice the changes: more frequent avalanches, more crevasses and exposed rock faces where
there used to be snowfields. Cho Oyu and Chomolungma (Mt. Everest) are considered the easier to climb,
but have become more difficult in the past 25 years. On the area leading up to the bottom of the Himalaya
there are now small lakes and ice slush rivers forming during the spring season, says Brice. The ice walls of
the 'Magic Highway' leading to Advanced Base Camp are now half the size of what they used to be 20 years
ago. On the Nepal side, Chomolungma has also changed dramatically since Edmund Hillary and Tenzing
Norgay first climbed it in 1953. "When my colleague Guy Cotter first guided an expedition to Everest the
Hillary Step was completely covered in snow and ice in 2004 it was just rock," says Mike Roberts, who has
led expeditions to Everest since 2002. "The entire stretch from the south summit to the true summit is now
pure rock."

4. GHG Effects:
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Global climate change —driven largely by human induced warming of greenhouse gases (GHG) — is a
growing threat to humanity. The world experienced a surface temperature rise of 0.6 <C on average during the
20th century, and the temperature by year 2100 is projected to go as high as 6.4<C relative to 1990 if GHG
emissions are not reduced (IPCC 2007). But time has shown that given the dependence of global economic
systems on fossil fuels, and the time required for new technologies that reduce or replace fossil fuels, to
integrate into the global marketplace, significant reduction in GHG emissions is unlikely to occur soon
enough to avoid climate impacts. Significant harm from observed climate change on the environment and on
society is already occurring worldwide and more severe and widespread impacts lie ahead. Climate change
impacts on the geo-environment of the Nepal Himalaya are significant.

Greenhouse gases (GHG) from human activities are among the major causes for this alarming situation.
Although hazards do not necessarily lead to disasters unless the people are exposed, ill equipped to respond
and incapable to cope with the hazard. While by the help of science and technology, most of the disasters can
be predicted and mitigated, impacts reduced and communities protected. Nevertheless, due to the inability to
reap the benefits of such scientific advancements, the people of Nepal are left with no choice other than
facing it and trying to get prepared to minimize the negative impacts. People have to know about the
characteristic of the hazard, self-exposure to the vulnerability and capability to plan and execute appropriate
actions during disasters. Countries causing the majority of emissions should recognize their responsibility for
climate change and help developing countries like Nepal to adapt to it to ensure their long-term sustainability.
While adaptive measures and interventions to protect human health from the consequences of climate change
need immediate attention, mitigation measures, such as reduced greenhouse gas emissions, are vital.

5. Can we defuse The Global Warming?

Experts firmly believe that most glaciers worldwide are retreating inevitably to their final demise. Global
warming is a real fact and ice melting is the right signal of potentially disastrous consequences. Yet most
gloom-and-doom climate scenarios exaggerate trends of the agents that drive global warming. Study of these
factors has revealed that global warming can be slowed and stopped, with practical actions that yield a
cleaner, healthier atmosphere, however.

6. Impact of Climate Change in Nepal:

Climate change is a matter of grave concern in Nepal. Although developing countries have a less direct
impact on global warming, in the last few decades, climate change has tremendously impacted the glacier
ecosystem in the Nepalese Himalayas. Climate change is not just an environmental phenomenon but also an
economic, social and political issue in Nepal. From the point of view of climate change, Nepal is among the
most vulnerable countries in the world. Himalayan Study is important because of the four reasons, namely;
role of Himalaya on global climate, present impact of global warming in the water balance in high mountain
areas, the impact of climate change in flora and fauna and the socio-economic impact of climate change in
subsistence farming.

The major impacts of climate change in Nepal are: increased glacier-lake outburst flood hazards, increased
variability of river runoff, increased sediments, increased evaporation from reservoirs and impacts on
watershed. As a result glacier melt and precipitation patterns would occur. Nepal has wide variety of species.
A study has found that 2.4% of biodiversity may be lost with climate change. Obviously climate change will
affect agriculture. While majority of the people of Nepal depend on agricultural crops like rice, maize and
wheat. Higher temperatures, increased evapo-transpiration and decreased winter precipitation may result into
droughts. It should be considered as an early warning for food security.
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The average maximum temperature in Nepal between 1977 and 1999 has increased by 0.9<C, at a rate of
0.03<C to 0.12<C per year, whereas the global average surface temperature rise of the last century was
0.640.2 <C. (Shrestha et al. 1999) and is estimated to have gone even higher since then. This is one of the
highest registered rates of temperature rise in the world. The observed trend of rising temperature in Nepal is
challenging the IPCC projections, as it seems that land areas will warm more rapidly than the global average.

As stated in earlier section, monsoon climate is predominant in Nepal. Torrential rains during the monsoon
render the country highly susceptible to water induced natural disasters such as floods, landslides, flash
floods, debris flows and slope failures. Although rainy days are decreasing, high-intensity rainfall events are
increasing, resulting into increase in magnitude and frequency of water-induced disasters. On the other hand,
potential threat of Glacier Lake Outburst Floods (GLOF) is also growing. GLOF occurs when the moraine
damming of a glacial lake suddenly collapses and releases large quantities of water resulting in a high
velocity surge, causing devastating floods and debris transport downstream.

In the Himalayan region of Nepal glacier lakes are common. Glaciers were formed in the Himalaya between
the 15™ and 19" century, during the Little Ice Age (Yamada, 1993). A glacier lake originates from a glacier
and usually forms at its terminus. According to ICIMOD (2007), the Nepal Himalaya has more than 2323
glacier lakes with areas larger than 0.03 sg. km. As a glacier melts, melt water is stored within the lateral and
end moraines creating a glacier ice or ice cores and moraines and will continue to grow as the ice melts. The
Imja, for example, “was just a small pond in 1960s” but in recent, it has radius of 1 km. and stores 2.9
millions cubic metres of water (Watanabe et. al. 1994). The Koshi River Basin, the Gandaki River Basin, the
Karnali River Basin and the Mahakali River Basin contain 1,062, 338, 907 and 16 lakes respectively. Dudh
Koshi Sub-Basin, the largest basin in Nepal, is also the most densely glaciated region of the country
(Bajracharya et. al., 2007).

Out of the 2323 glacial lakes, 26 are potentially dangerous. The areas of Upper Barun, Lower Barun,
Chamlangtsho, Tsho Rolpa, Sabou, Dudh Kunda, Majang, Imja, and Thulagi have been identified as
dangerous glacier lakes. These lakes contain huge volumes of water and remain in unstable condition. As a
result, they can burst any time and a natural catastrophe would cause loss of life and property. About 14 such
glacier lake outburst floods have been experienced between 1935 and 1991. A GLOF of 1985 caused a 10 to
15 meter high surge of water and debris to flood down the Bhote Koshi and Dudh Koshi Rivers for 90
kilometers which swept away a hydropower plant. At its peak, 2,000 m*/sec was discharged (Poudyal
Chhetri and Bhattarai 2001).

Almost 20% of the glaciated areas in Nepal above 5000 m are likely to be snow and glacier free area at an
increase of air temperature by 1 <C. Two degree Celsius rise in temperature can cause the loss of almost
40 % of the areas. Similarly, 3 < and 4 <C rise in temperature can result in the loss of about 58 % and 70 %
of snow and glacier areas, respectively.

“The rapid melting of Himalayan glaciers will first increase the volume of water in rivers causing widespread
flooding,” said Jennifer Morgan, Director of WWF’s Global Climate Change Program. “But in a few decades
this situation will change and the water level in rivers will decline, meaning massive economic and
environmental problems for people in Western China, Nepal, Pakistan and Northern India.”

7. Effects of Climate Change in Livelihoods:

The UN's Intergovernmental Panel on Climate Change (IPCC) reported that if current trends continue, 80 per

cent of the Himalayan glaciers, the water source for a sixth of the world's population could disappear in 30

years if the current rate of emissions is not reduced, though recently some reservation on the timing of the

disappearance has been shown. If, even the present rate of warming is continued for a couple of decades,
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plant species will not be able to migrate fast enough and could result into species extinction. Amid these
projections, several plants and animals are already reported as threatened species together with noticeable
biodiversity loss in Nepal. Like the water-induced disasters, intensity and frequency of drought is already on
a rise and the projected change in temperature and precipitation pattern would result a further decline in crop
yield.

With a predominantly agrarian economy where about 81 percent of the over 30 million people reside in rural
areas in Nepal, traditional, self-sustaining hills and mountain farming systems have been disrupted owing to
increased population and fertile top soil erosion combined with deforestation, so that migration from the hills
and mountains to the fertile Tarai region and haphazardly developed urban centers are increasing at an
unprecedented scale. Consequently, the poor, uneducated and unemployed people are compelled to make a
living by settling in flood and land slide prone areas in the hills as well as the plains and the urban areas
which are now became more vulnerable to disasters due to climate change and global warming. Lack of
effective land use and settlement regulations have contributed to increased vulnerability to floods and other
hazards caused by both natural and anthropogenic factors (Poudyal Chhetri and Bhattarai 2001).

On the other hand, forest area is significantly reduced in Nepal mainly due to human activities. Tarai forest
has decreased at an annual rate of 1.3 %, while hill forest has decreased at the rate of 2.3 % from 1978/79 to
1994/95. In the whole of the country from 1978/79 to 1994/95, forest area has decreased at an annual rate of
1.7 %, whereas forest and shrub together have decreased at an annual rate of 0.5 % (FRISP, 1999).

8. Climate change and Health Hazard:

Climate change may aggravate the water quality. The possible increase in differences between wet and dry
seasons may imply wetter wet seasons and drier dry seasons. Access to safe water is limited throughout the
Himalaya. If dry seasons become even drier, this problem will grow.

It is a well known fact that unavailability of water leads to poor sanitation. As a result, the risk of
water-borne diseases will increase. Climate change will also affect infectious diseases transmitted by insects,
i.e., vector-borne diseases like malaria, yellow fever, and schistosomiases. Once temperatures increase
beyond the comfort range of human tolerance, thermal stress will result in discomfort, physiological stress,
ill health, or even death. Heat causes clinical syndromes, heatstroke being the most serious and occurring
when body temperature exceeds 40.6 <C. While adaptive measures and interventions to protect human health
from the consequences of climate change need immediate attention, mitigation measures, such as reduced
greenhouse gas emissions, are vital.

Many vector-borne and water-borne infectious diseases are known to be sensitive to warm climatic
conditions, and some of these effects, such as Japanese Encephalitis, Malaria and Kala-azar cases are already
on a rise under the observed warming in Nepal. Nepal is especially vulnerable to climate change because a
large share of their economies is in climate-sensitive sectors and its adaptive capacity is low due to limited
human, financial and institutional and technological capacity.

9. Conclusion:

This is high time to realize that adverse impacts of climate change, variability and extremes would be
impeding factors to attain the set goals of the government. As a result the government end up with very little
expenses in disaster preparedness activities compared to huge amount of resources that have to be spent
during and post-disaster relief. Although United Nations Framework on Climate Change and the Kyoto
Protocol allow emission producers to offset their emissions by paying others to carry out emission reducing
activities. It is to be noted that various studies show pressing need to calculate carbon appropriation, the basis
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for calculating the impact of ecological imbalance particularly - deforestation. Stopping deforestation and

building healthy environment should be the key issues in climate change policy of every government. Then it

will provide a way for millions of poor people in developing countries to benefit directly. In the same way,

such policy will help to reduce deforestation, maintain ecological balance and allow the nations to sell credits

for successful programs combating carbon dioxide. On the other hand, developed countries that pollute more

than the allowed limits under the existing Kyoto accord should buy the carbon credits to increase their
emission levels and help to fund forest protection plan and programs.

Since the disaster management system in Nepal is basically limited to response — it needs to focus more on
preparedness and mitigation by addressing adverse effects of climate change. Other plan and policies of the
government should also be proactive in lieu of reactive approach. Disaster preparedness and improved
agriculture is necessary and important to reduce the vulnerability to climate change and possible hazard and
disasters.

Institutions in Nepal are facing several limitations in conducting modeling studies to assess the impacts of
climate change in water resources. One of the biggest limitations is the lack of reliable observation data to
verify the model results. Inadequate human and technical resource is another hindrance in this regards. Nepal
feels that some of the gaps can be bridged by sharing of satellite data conducting regional trainings and real
time sharing of observational data. It is imperative for the governments in the region to have good climate
change policies with strong focus on impact adaptation. To avoid negative impacts on the socio-economy of
the region planning for adaptation measures is essential. For adaptation planning, it is essential to understand
how the climate of the region might change in the future and how the change might impact the hydrological
regime of the river basins. Climate modeling has been an important tool to understand how the climate might
evolve in the future while hydrological modeling can provide insights on how the projected climate might
impact the hydrological regime of the river basins.

The performance can be greatly enhanced if the activities can be conducted in close collaboration among the
countries that are conducting their activities in isolated manner e.g. the climatic scenarios can be developed
for regional scale while individual countries can generate higher resolution scenarios for national scales.
Similarly, hydrological model can be run at basin scales, while higher resolution models can be run at
catchment scales by individual countries. There is the opportunity of learning among the countries to develop
regional climate change scenarios and basin-wide scenarios of water availability under the climate change
situation.
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