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GREETING FROM PROF. DR. MILAN KONECNY, CHAIRMAN OF ICA
WORKING GROUP CARTOGRAPHY IN EARLY WARNING (EW) AND
CRISES MANAGEMENT (CM) (CEWaCM)

Dear Colleagues!

ICA Working Group Cartography in Early
Warning (EW) and Crises Management (CM)
(CEWaCM) was established to increase efforts linked
with better and wider usage of cartographical,
geoinformatics, remote sensing (incl. small sdés)i
navigation systems and other methods by integrative
way. Recent large natural (tsunamis, earthquaké suc
as in Japan) and anthropogenic disasters havdyclear
shown various shortcomings and failures in existing
technologies and policies for efficient early waimni
and emergency response. One of the most important
aspects is to have all necessary spatial and ratrakp
data, information and knowledge integrated. They
should be available in the forms of infrastructuaesl
be able to use various types of infrastructured ,(8iitical infrastructures, ICT ones,
etc.) in security-related systems. EW and emergemayagement requires different
types of systems. The systems have to be userredrded ensure that every person
(professional or citizen) receives the informatibvat will help him/her to avoid
losses of life and damages of critical infrastruesu

In GeoSiberia trade fairs and conferences we ayagaattention mainly to
geoinformatic techniques which have already beeover that they could
significantly facilitate emergency management. Agake and digital maps, modern
methods of ubiquitous, adaptive and context mappmnogld have key role in
analyzing situation, geocollaboration and makingiglens on progressively higher
level than before, but not only. As we see on ¢asastrophic events (e.g. in Japan),
people wants to be fully informed by true way teate own opinion to avoid
needless panic and misunderstandings.

ICA WG created network of events over all World zeCh republic, Bulgaria,
China, USA, South America — and one of the mostontgmt is event here, in
Novosibirsk. ICA is using big knowledge, technolaiand social potentials which
was discovered in and through the SSGA (espedialhy. Dmitry Lisitsky, Head of
the Department of Cartography and Geoinformatiam)] great support from top
management of SSGA (Prof. Dr. Alexander Karpik &ndf. Vladimir Seredovich).
Our cooperation is good example of sharing of desiwledges and excellent
example of the results of win-win strategies in pnegressively developing areas of
EW and Crises/[Emergency management.




| would like to invite you to be part of the gaméiieh begins to look many
times more important and relevant for solving ompticated situations than we
thought in previous years.

Prof. Dr.Milan KONECNY
Chairman, ICAWG CEWaCM
President-Past, ICA



ABOUT ORGANIZERS

L*? ™ International Cartographic Association (ICA)

(www.icaci.org
AcC)

International Cartographic Association (ICA) is keeping a strong position in
the development of cartographic science, methogolmgd methods of analysis,
elaboration, handling, using, implementation andterpretation of spatial
(geographic) and non-spatial (non-geographic) data.

ICA is the world authoritative body for cartograpliye discipline dealing with
the conception, production, dissemination and stfdyaps/

The ICA was founded on June 9, 1959, in Bern, Suénd. The first General
Assembly was held in Paris in 1961.

The activities of the ICA are important for pronmgfiand advancing the theory
and praxis of cartography. Throughout its 50-ymatory, ICA has brought together
researchers, government mapping agencies, comihaa&itographic publishers,
software developers, educators, earth and envimotahscientists, and those with a
passion for maps.

The mission of the International Cartographic Assii@n is to promote the
discipline and profession of cartography in anriméional context.

The International Cartographic Association exists:

— To contribute to the understanding and solutionwofld-wide problems
through the use of cartography in decision-makirogesses.

— To foster the international dissemination of enwim@ntal, economic, social
and spatial information through mapping.

— To provide a global forum for discussion of theeroAnd status of
cartography.

— To facilitate the transfer of new cartographic temlbgy and knowledge
between nations, especially to the developing natio

— To carry out or to promote multi-national cartodr@presearch in order to
solve scientific and applied problems.

— To enhance cartographic education in the broadestses through
publications, seminars and conferences.

— To promote the use of professional and techniealdzirds in cartography.

The Association works with national and internagdlbrgovernmental and
commercial bodies and with other international rsiifie societies to achieve these
aims.


http://www.icaci.org/

ICA Working Group on Early Warning and Crisis Manag ement

For a number of years the ICA has developed a focugarly Warning and
Crisis/Disaster/Risk Management. ICA Working Graup Early Warning and Crisis
Management chair, immediate past-President Miland€ay, first elaborated on the
need for cartography and GlScience to be activelglved in this area at the Second
International Conference on Early Warning (EWCinI2003.

At the 13th ICA General Assembly, held in conjuactiwith the La Coruna,
conference, Professor Konecny proposed that the duld establish a Working
Group on Early Warning and Crisis Management. Haursent Chair of WG.

The aims of the Working Group

— Provide leadership in the development of conceptgplogisation and
standardization of early warning for hazard, risid asulnerability mapping and
cartographic modelling.

— Promote the cartographic use of remotely sensedotra&l geospatial data
and various analysis techniques for early warnimgl &risis management by
organizing conferences, seminar and workshops.

— Investigate psychological condition of end useregivby their personal
character and situation and psychological condiiorescued persons.

— Promote capacity building and quality mapping, aadographic modelling
including modern technology for early warning amgis management through topic
related publications.

— Participate and contribute to global initiativesaarly warning and crisis
management for instance through the maintenanaenabsite.

— Promote hazard, risk and vulnerability mapping dosis management and
communication.

— Develop mechanisms and networks for exchange drrnmdtion among
stakeholders on crisis management and early warning

The start of 2008 saw the beginning of a humbeseshinars organized by or
with direct contributions from the ICA Working GrpuThe Early Warning and
Disaster/Crises Managemer@onference was held in Borovets, Bulgaria and a
Workshop on Cartography in Early Warning and Crisdanagement and Round
Tableat AutoCarto 8, Shepherdstown, West Virginia, U8Ajch addressed natural
anthropogenic disasters; current global, regiondllacal initiatives in early warning
and crises management; paradigms of action; egehahbest practices for activities
in the field; avoidance of shortcuts in crises aitons; sharing and standardizing of
data on material reserves and potential human foms; the interconnection
between current OGC/ISO activities and crises maimaat.

The main activity of the Working Group in 2009 waenducting a Joint
Symposium with the JBGIS Gi4DM Gartography and Geoinformatics for Early
Warning and Emergency Managemenheld in January 2009 in Prague, Czech
Republic. The symposium topics were organized utlderthemes of: frameworks



and tools; technologies and infrastructures; aisza early warning and emergency
management; e-government and e-governance; anogegrhic and geoinformatic
applications. At the Symposium a Round Table onti&lha Enabled EW and EM
was held, lead by Professor Gottfried Konecny, Gawyn and Professor Milan
Konecny, Czech Republic.

Later that year Professor Konecny addressed thénaemn thePotentials in
Early Warning and Emergency Managemespecial session at the international
GeoSiberia conference, held at the Siberian National Acadeofy Geodesy,
Novosibirsk and leaded by Professor by Professdrigisky. The title of the paper
was “Cartographic and Geoinformatics Potential&anly Warning and Emergency
Management”. Following the success of these sesstowas decided to include
meetings of the WG as part of future GeoSiberideremces.

A number of events were held in 2010. In April irowssibirsk, Russia, a
seminar orEarly Warning and Crises/Disaster Managemesniinder of leadership of
Prof. M. Konecny and Prof. D. Lisitsky under auspis of rector of SSGArof.
A.P. Karpik. This was a joint event between the ICA, the Iriomal Society on
Digital Earth - ISDE and SSGA, with the particiatiof colleagues from the ISPRS
and FIG.

Another seminar was held in Nessebar, Bulgariag 2010 -Digital Earth
Summit and 3rd Conference on Cartography and GdSseminar oricarly Warning
and Disaster/Crises Management: European Concipt€rises Management and
Early Warning and Orlando, USA, November 2010 - a workshopwbcarto 2010

Coming seminar in Geo-Siberia 2011 will be held Aypril 28-29 with title:
“Early Warning and Crises/Disaster and Emergency Magement” under of
leadership of Prof. M. Konecny and Prof. D. Lisysknder auspicious of rector of
SSGAProf. A. P. Karpikand vice-rector Prof. V.A. Seredovich.

In summary, the International Cartographic Assammbegan to be active in
Early Warning and Crises Management in 2003. Talbwed with a number of
activities that have now become part of the WorkBrgup’s activities - seminars at
Borovets and Nessebar in Bulgaria, seminars in Bibusk, Russia and at
AutoCarto USA. The working Group continues to address tlsuas of Crises
Management and Early Warning in collaboration wambers of the JBGIS.

Prof. Dr.Milan Konecny

Chairman of ICA WG *“Cartography on Early Warning danCrises
Management”, Immediate Past President of ICA, esident of International
Society for Digital Earth



@ INTERNATIONAL SOCIETY FOR DIGITAL EARTH (ISDE)

TheInternational Society for Digital Earth (ISDE) was proposed together by
the experts and scholars from more than 10 cousntsiech as China, Canada, USA,
Japan, Russia and Czech Republic etc. Inaugunatsthy 2006, the ISDE is a non-
political, non-governmental and not-for-profit imational organization initiated by
the Chinese Academy of Sciences (CAS) with theaboltation of institutes and
related scholars throughout the world. The ISDEetadat is hosted by the Center
for Earth Observation and Digital Earth (CEODE),iri&se Academy of Sciences.
Prof. Lu Yongxiang, the vice chairman of the StagdCommittee of the National
People's Congress, and the President of CAS, sasvé®e founding president of the
ISDE.

- ISDE Aims

The purpose of ISDE is to promote internationalpsration of the Digital Earth
vision, and enable Digital Earth technologies taypkey roles in,inter alia,
economic and socially-sustainable development,réonpte information technology
and to reduce digital gap.

International Society for Digital Earth will playel role in different aspects of
using natural resources, optimizing environmentptgmting cultural heritage,
improving disaster mitigation ability , global chlygn study, natural resource
conservation and improvement of living standards.

— |ISDE Executive Committee Board

The Executive Committee Board consists of 24 sgenfrom 17 countries and
international organizations. In March 2011, a dozénlSDE EC members and
scientists in geospatial science fields had a mgetin discussing Digital Earth
Vision towards 2020, will produce a new vision waidge the future development of
Digital Earth in the world.

— Series Symposia on Digital Earth

The International Symposium on Digital Earth ischelery odd year and the
Digital Earth summit is convened every even yeawont 1999 to 2009, six
international symposia on digital earth and twoitdigearth summits have held in
seven different countries on various continentsAligust 2010, the"7International
Symposium on Digital Earth will be held in Perthysiralia.

— International Journal of Digital Earth

The International Society for Digital Earth (ISD&),cooperation with Taylor &
Francis Group launched its official journkternational Journal of Digital Earth
(IJDE) in March 2008. IJDE was a quarterly journal in ylears of 2008 to 2010, and
becomes a bimonthly journal in 2011.



IJDE has been indexed and abstracted in Scieneéiditindex Expanded and
also other 6 international databases. In June 2A0DE got its first impact factor of
0.864 for the year 2009, becoming the first leadmgnal of Digital Earth in the
world, and one of the high-level international joals in remote sensing category.

Contacts:

ISDE Secretariat:
E-mail:isde@ceode.ac.cn
Website:.www.digitalearth-isde.org

[JDE Editorial Office:

E-mail:ijde@ceode.ac.¢n
Website:http://www.tandf.co.uk/journals/titles/17538947.asp



mailto:wcl@irsa.ac.cn
mailto:isde@ceode.ac.cn
http://www.digitalearth-isde.org/
mailto:wcl@irsa.ac.cn
mailto:ijde@ceode.ac.cn
http://www.tandf.co.uk/journals/titles/17538947.asp

SIBERIAN STATE ACADEMY OF GEODESY (SSGA)

The Siberian State Academy of Geodesy (SSGAhe oldest in Siberia, was
founded in 1933. Today it is the recognized leaddraining specialists for geodesy,
cartography, cadastre, environmental managemeplor@tion of natural recourses,
metrology and opto-electronics. There are fouritmgts in SSGA: Institute of

Geodesy and Management, Institute of Cadastre aadgr@phic Information

Systems, Institute of Remote Sensing and Naturabitees Management, Institute
of Optics and Optical Technologies. The graduate$S®GA receive Bachelor’s

(B.S9 and Master's DegreesM(Sc., 2 years after B.Sc.) or qualification of
Engineer’s/Specialist’s Diploma. The SSGA offersi@tional programs, focused on
geoinformation management for sustainable developneach with specialization:

digital photogrammetry, urban planning and land imtstration and GIS.

The Academy carries out a large volume of researemel the major fields of
them are: surveying, geodetic maintenance for cocisbn and operation of
engineering structures, cartography, GIS techneigdigital and thematic map
compilation, cadastre, photogrammetry and rematsisg, satellite geodesy, optics
and spectrometry, uses of GPS for the purposegpiied geodesy and land cadastre,
and environmental monitoring. The main tendency re$earch activity is to
implement the advanced digital technologies, téieds3D laser scanning, 3D
modelling, GIS and GPS technologies. Besides, taelemy took an active part in
implementing GLONASS/GPS project owing to the refee station network with
19 permanent continuously operating GLONASSe stations had beestablished on
the territory of Novosibirsk Region.

SSGA together with ITE Siberian Fair are the orgars of the international
exhibition and scientific congres&EO-Siberia”, t he first exhibition experience
beyond the Urals representing also innovative dagweents oriented to Siberia
subsurface use. Various companies exhibit theihlpigpecialized equipment and
there is nothing like it on the Siberian mark&EO-Siberia” demonstrated the
growing interest to this event not only in Russig bBbroad too. It has gained a
merited recognition among professionals of geo-stiguand become an example of
collaboration of professionals and scientists ftamwhole world.

Contacts:

Prof. Dr.Alexander P. Karpik

Rector ofSiberian State Academy of Geodesy, SSGA
10, Plakhotnogo UlI.

Novosibirsk, 630108, Russian Federation

Tel: +7 (383) 343-39-37, Fax: +7 (383) 344-30-60
E-mail: rektorat@ssqga.ru

Web:www.ssga.ru
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THE SEVENTH International Exhibition and Scientiftongres
“GEO-Siberia - 2011”
27-29 April 2011, Novosibirsk, Russian Federa

k INTERNATIONAL WORKSHOP OF SSGA, ICA and ISDE

28-29 April 2011

Novosibirsk
Russian Federation

The international workshop of‘Early Warning and Crises/Disaster an
Emergency Managemen is held for the second time within the Sevel
international exhibition and scientific congr¢GEO-Siberia - 2011"on April 28-29
In Novosibirsk at “ITE Siberian Fair”. The previouwsrkshop has caused a gr
interest among professionals and protheir priorities for a societ

Organizers:

— International Cartographic Association Working GuolCartography ol
Early Warning and Crisédanagemen

— International Society for Digital Earth (ISC

— Siberian State Academy of Geodesy (SSGA), Russtdefatiol

The keynote of forthcoming workshop is to define ttole, values, stat
challenges, and ways of using geoinformation, pfooes an technologies,
geosciences including geodesy, remote sensingogrephy, geophysics, ar
geomatics.



The international workshop intends to discuss dgflewing issues:

— Geoinformation Technologies for Early Warning andsiS and Emergency
Management Including Geospatial Data Infrastrustufer Civil Defense and
Emergency Situations;

— Geoinformation Technologies for Activities of Ciidlefense and Emergency
Situations Subdivisions;

— Territory Monitoring Using Remote Sensing for EarWarning of
Emergency Situations and On-line Information Acduws in Crisis Situations;

— Satellite Monitoring and Laser Scanning for RealeiCrises Management;

— Using of Electronic Navigation Methods in Emergestuations;

— 3D Modelling and Animated Mapping in Forecastif@rly Warning and
Crisis Management;

— Application of Other Methods of Geosciences for déasting, Early
Warning and Crisis Management;



ORGANIZING COMMITTEE

— Chairmen

Prof. Dr.Milan Konecny

Prof. Dr.Dmitry V. Lisitsky

— Co-Chairmen

Vladimir N. Shumilov

Dr. Irina N. Rotanova

- Members

Prof. Vladimir A.
Seredovich

Prof. Dr.Ammatzia Pelec

Dr. Enkhtuvshin Baatar

lvan A. Ryzhenkov

Em. Prof. Dr.ing.
Gottfried Konecny

Immediate Past President of International
Cartographic Association (ICA), Chairman of ICA
WG “Cartography on Early Warning and Crises
Management”, Vice President of International
Society for Digital Earth (ISDE)Czech Republic

Head, Department of Cartography and
Geoinformation, Siberian State Academy of
Geodesy (SSGA), Russian Federation

Deputy Mayor of Novosibirsk, Head of
Department for Emergencies and Mobilization
Activities, Novosibirsk

Deputy Director on Science, Head of Laborator
Ecological-Geographical Mapping, Institute for
Water and Environmental Problems, Siberian
Branch of the Russian Academy of Sciences
(IWEP SB RAS), Russian Federation

Vice-Rector for Innovation Activities, Siberian
State Academy of Geodesy (SSGA), Russian
Federation

ISPRS Second Vice President, Israel

President, Mongolian Association of Geodesy,
Photogrammetry and Cartography (MAG & C),
Mongolia

Deputy Assistant, FGU “Centre for Civil Defense,
Emergency Situations and Fire Protection
Measures for Novosibirsk Region”, Russian
Federation

Leibniz University of Hannover, Honorary
Professor of SSGA, Germany



Prof. Dr.Valery I.
Tatarenko

Prof. Dr.Valery P. Pyatkin

Prof. Gethin Wyn Roberts

Prof. Dr.Vladimir Tikunov

Dr. Usny-Ekh. Sarangere

Prof. Michael Govorov,
Ph.D

— Secretary

Assoc. Prof.Svetlana S.
Dyshlyuk, PhD

Head, Department of Life Safety, Siberian State
Academy of Geodesy (SSGA), Russian Federation

Head of Digital Image Processing Laboratory,
Institute of Computational Mathematics and
Mathematical Geophysics of SB RAS, Russian
Federation

Chair of FIG Commission 6, University of
Nottingham Ningbo, Chir

Laboratory of Integrated Mapping and Laboratory
of Sustainable Development of Territories, Fac

of Geography, M. V. Lomonosov Moscow State
University, Russian Federation

Executive Director, Mongolian Association of
Geodesy, Photogrammetry and Cartography
(MAG & C), President of the Foundation for
support to GIS development of Mongolia

Vancouver Island University, Canada

Department of Cartography and Geoinformation,
Siberian State Academy of Geodesy (SSGA),
Russian Federation



TECHNICAL PROGRAMME

Thursday, 28April2011 | |

Thursday Registration of participants
28 April 2011 12:30
—13:00
Thursday Session |
28 April 2011 _ . . .
13:00 — 17:00 Chairs: Prof. Dr.Milan Konecny, Immediate Past President
ITE Siberian Fair of International Cartographic Association (ICA)C¥i
Hall 1 President of International Society for Digital Eart

(ISDE), Czech Republic
Prof. Dr.Dmitry V. Lisitsky , Head of the Department
of Cartography and Geoinformation, SSGA,
Novosibirsk

Co-chairs:  Vladimir N. Shumilov, Deputy Mayor of
Novosibirsk, Head of Department for Emergencies
and Mobilization Activities, Novosibirsk
Dr. Irina N. Rotanova Deputy Director on Science,
Head of Laboratory of Ecological-Geographical
Mapping, Institute for Water and Environmental
Problems, Siberian Branch of the Russian Academy of
Sciences, Russian Federation

Secretaries: Assoc. Prof.Svetlana S. Dyshlyul, PhD,Department
of Cartography and Geoinformation, Siberian State
Academy of Geodesy (SSGA), Russian Federation
Assoc. Prof.Elena S. Utrobing PhD, Department of
Cartography and Geoinformation, Siberian State
Academy of Geodesy (SSGA), Russian Federation

Rapporteur:

Vladimir N. Shumilov (Deputy Mayor of Novosibirsk, Head of

Department for Emergencies and Mobilization Actest

Novosibirsk):

Security Issues in Municipal Sphere

Prof. Dr.Milan Konecny (Immediate Past President of ICA, Vice
President of ISDE, Czech Republic):

Geoinformatics and Cartographic Research Agenda iarly
Warning and Crises Management

Prof. Dr.Ammatzia Peled(Second Vice President of ISPRS, Israel):
Remote Sensing Before, During and After Disaster

B. Enkhtuvshin (Mongolian Association of Geodesy,
Photogrammetry and Cartography, Mongolia):
NEMA Early Warning System in Mongolia

Gethin Wyn Roberts (China),Christopher John Brown, Oluropo
Ogundipe (UK):
Monitoring the Deflection of Bridges by GNSS




Sergey A. Miller (President, GIS Association, Russian Federation):
Problematic Issues on Creating Spatial Data Infragtcture in
Russian Federation

Peter Baumann(Jacobs University Bremen, Germany):
Open Information Turnpikes and Just-in-Time Geoinfarmation
for Rapid Response

Ryan Burley (LizardTech, USA):
MrSID Technology for Managing Large Raster and LiDAR
Geospatial Datasets in Emergency Response Appliocaiis

LIU Liangming (School of Remote Sensing and Information
Engineering, Wuhan University, China):
Drought Early Warning Based on Remote Sensing Tecluhogy

Valentin G, Tsukanov (Technokauf GmbH, Russian Federation),
Simon Baksh(VP Product Development, Altus Positioning
Systems):

State-of-the-Art Satellite Navigation Technologie$or High
Precision Off-Line Positioning

A.A. Buchnev, V.P. Pyatkin(Institute of Computational
Mathematics and Mathematical Geophysics of SB R¥&/0sibirsk,
Russian Federation):

Space Monitoring of Spatial Displacements of NatureObjects

S.N. Bagaev, V.A. OrloV(Institute of Laser Physics, SB RAS,
Novosibirsk, Russian Federation):

Possibilities of Laser Methods for Seismic and Gegdamic
Monitoring

Andrey |. Yashenko, A.B.Burtchev, A.A. DorofeeEngineering
Centre GFK Ltd., Russian Federation):

The Implementation of Automated Deformation of the
Monitoring During Restoration and Construction of
Architectural Complexes “Moscow Kremlin and Red Sqare"

Oleg V. Evstafiev(Leading Manager, Engineering Centre GFK Ltd.,
Russian Federation):

The Importance and Tasks of Deformation Monitoringin the
Bridges Structure Exploitation Safety

Bernd Hiller (Executive Manager, Engineering Centre GFK Ltd.,
Russian Federation):

Contribution of Innovative Surveying Technologies ® Provide the
Safety of Human Activities

S. Zaichenko, M. Potanin, G. PotapoyScanEx RDC, Russian
Federation):

Geo-Services of Operational Monitoring for Early Waning and
Disaster Management




Em Prof.Shunji Murai (University of Tokyo, Japan):
How is Japan Managing the Disaster of This Magnitud?

M.V. Shchadrov (AshTech, Moscow, Russian Federation):
The Latest Satellite Solutions in Geodesy, Cartogphy and GIS

Friday 29 April
2011
10:30-12:30
ITE Siberian Fair
Hall 1

Session 2

Chairs: Prof. Dr.Milan Konecny, Immediate Past President of
International Cartographic Association (ICA), Vice
President of International Society for Digital Eart
(ISDE), Czech Republic
Prof. Dr.Dmitry V. Lisitsky , Head of the Department
of Cartography and Geoinformation, SSGA,
Novosibirsk

Co-chairs:  Vladimir N. Shumilov, Deputy Mayor of Novosibirsk,
Head of Department for Emergencies and Mobilization
Activities, Novosibirsk
Dr. Irina N. Rotanova Deputy Director on Science,
Head of Laboratory of Ecological-Geographical
Mapping, Institute for Water and Environmental
Problems, Siberian Branch of the Russian Academy of
Sciences, Russian Federation

Secretaries: Assoc. Prof.Svetlana S. Dyshlyul, PhD, Department
of Cartography and Geoinformation, Siberian State
Academy of Geodesy (SSGA), Russian Federation
Assoc. Prof.Elena S. Utrobing PhD,Department of
Cartography and Geoinformation, Siberian State
Academy of Geodesy (SSGA), Russian Federation

Rapporteur:

Em. Prof.Gottfried Konecny (Leibniz University of Hannover,

Germany):

Meeting the World Hunger Problem

Carsten Haub, Sven Gilliams, Andreas MuterthieEFTAS
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HOW IS JAPAN MANAGING THE DISASTER OF THIS MAGNITUDE?

Shunji MURAI
Professor Emeritus, University of Tokyo, Japan

Introduction

| was given the title of this article by the EdHarchief of the magazine
“Coordinates” but | dare to say that Japan is nett mmanaging the disaster but
suffering from the hardships. Though all Japaneseple are in mourning over the
horror of this event, | feel it is my duty as aml slcholar to report to the rest of the
world on the worst earthquake and Tsunami in livimgmory to hit Japan. | hope that
my report will be useful to prevent the similar emg for others.

What happened?

At 2:46pm on the 1M March 2011, the huge earthquake of M9.0 (firstiwas
8.8) occurred offshore of Sanriku (north east gfadg with its epicenter covering a
region 500km long (north-south) and 200km wide t@aesst) in the Pacific Ocean
(see Fig.1). Accordingly the damaged areas were58km long including a part of
Hokkaido (the north island of Japan) in the nonid §okyo in the south. We have
had many big earthquakes in the past, for exampleeKGreat Earthquake in 1995,
but the damaged area from this earthquake waselbinmt several 10s of km. | was in
my house located in the west of Tokyo at the tirfnthe earthquake. When | felt that
it was dangerous to stay in my room | rushed ouhphouse together with my wife.
The shaking continued for almost 3 minutes (norynalbst earthquakes only last
about one minute even in the case of very big qaakes) and many after-shocks
followed. After the earthquake has settled | swatthon TV because | had not
realized that very serious damage had occurretheanTohoku Area (north east of
Japan) and that a Tsunami would be coming soon.

b {?; = g
Miyagi & i i |
. J
Fukushima E
3

Ibaraki

©Yomiuri Newspaper

Figure 1: Very Wide Area of Epicenter



The damages are as follows; 11,168 dead (so fdiremd), 16,407 missing
(still increasing), 2,778 injured, 151,868 housestbyed, 240,000 people evacuated,
2,200 roads damaged, 56 bridges collapsed, 6 tweépstations destroyed, Tohoku
Shinkansen (partially recovered) and Tohoku Highyveoyw recovered) but damaged
(as of 28' March, 18 days after the earthquake). The mainag@mvas caused by the
Tsunami which swept away huge number of peoples, ¢eruses, fishing boats, ports
and harbors see (Fig.2a and 2b). A quick measureofethe height of Tsunami
showed as follows; 23m at O-funato, 16m at Minaami®u, 15m at Onagawa, 14m
at Fukushima nuclear power plant, 13m at Kuji p6r8m at Kamaishi, 5m at O-arai
etc. The Tsunami hit small coastal towns 5km upstr@along a river in the Sanriku
Area, where the bay has a V shaped topography wéweggerates the height of
Tsunami. Along the River Kitagami, the 5m Tsunamtithe mouth where it swept
away all harbor facilities and boats, at the 4kmnpalong the river a bridge
collapsed, at the 6km mark riverside villages wiweded, at 14km along the river
agriculture fields were inundated and at the 49rkank the water level at the gauge
station suddenly rose 10cm one hour after the earthquaken Bt Toda, 28km
upstream on the River Arakawa, flowing into TokyayBthe water level rose 1m
20cm after the earthquakeésuch Tsunami propagation would normally be
unexpected.
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Figure 2a: Tsunami attacking Miyako City, IwatefPre
At 3pm, March 11, 2011 (The height: 10m)
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Figure 2b: A big boat flown on the roof of a burdiin Otuchi Town, Iwate
Prefecture

The most serious accident was the destructioneoftikushima Nuclear Power
Plants at which the cooling system and electriceadtronic facilities were severely
damaged by the Tsunami (see Fig.3). It resultdbdarextraordinary heating up of the
nuclear reactors and protection vessels. Atomi@atad was spilled out polluting the
air, water and soil as well as vegetables and rRidople within 20km radius had to
move out of the residences and people within 20rB0lad to stay inside their
houses. The total number of people evacuated wasxanum of 450,000 as result of
not only the earthquake and Tsunami but also tlodeau power plant accident. The
survivors and evacuees have had to stay in cormjdsteses without lighting,

heating, water, food, blankets etc. in spite of-selp temperatures, until supporting
materials arrived.

©Digital Globe

Figure 3: Accident of Fukushima Nuclear Power Rlamth Hydrogen Gas
Explosion



People in the metropolitan area of Tokyo were glgnicking as all trains and
subways were stopped making it impossible for sdvemillion people to go back
home and very difficult to even move around. WitBih minutes of the earthquake,
all drinks and food were sold out in shops. From tiext day, water, food, toilet
papers etc. were also sold out at super marketsrisheent stores, convenient stores
and so on. Electricity failures also commencedhaselectric power stations stopped
operations leading to shortages of electricity. yiokElectric and Power Supply
Company (TEPCO) had the capacity of 52 million K¥fdye the earthquake which
was reduced to 31 million KW after the disasteklwahima Nuclear Power plant was
providing about 9 million KW. There were seriousoghges of gasoline as oil
refinery facilities were also damaged. Almost akgstations and tanks were swept
away in the coastal areas. This led to problentsamsporting relief supplies to the
damaged areas because of lack of gasoline. Evélokgo two weeks after the
disaster, we have had to queue an hour for gasslipplies which are limited to only
10 litres. In addition, almost all ports were daewdpy the Tsunami, while roads and
railways were unusable. Only defense helicoptere aeailable to the rescue parties.
Mobile phones and Internet at the sites were nailale for many days, which made
communications between safe and damaged areasglasasvamong family and
relatives difficult. Many survivors lost their mdbiphones but even if they had their
mobile phones, they could not use them because tirte no electricity services.

Lessons from the past disasters in Japan

Japanese people are well educated on evacuati@edwe@s in the case of
earthquakes and Tsunami as so many terrible disaste’e occurred in the past.
Particularly the area of Sanriku was heavily damdalgye the Great Tsunami in 1896
which killed almost 22,000 people including my drgaandfather. Following this
terrible lesson, many coastal towns constructedkovaters to protect them against
future Tsunamis. For example, Kamaishi City, lw&wefecture constructed huge
breakwaters 2km long, 20m thick, 8m above sea landl 65m deep, which have
been registered as the deepest breakwaters inuine&ss World Records (see Fig.4a
and 4b). Taro fishing village, Miyako District, IteaPrefecture constructed 10m high
breakwaters against Tsunami, as the village wag sss®usly damaged by the 1896
and 1933 Tsunamis. But those breakwaters were eteipldestroyed by the
Tsunami this time, which was 14m high, much higian authorities had prepared
for. Many people said that the Tsunami was highantexpected, but the Tsunami in
1896 was 38m high! We should have learnt the lesHuat ‘hardware’ including very
high breakwaters, cannot save people but we needs¢o ‘software’ including
procedures for providing early warning and evacuasystems.

There was a small village in Aneyoshi District,ysllko City, lwate Prefecture
which was thoroughly damaged by the 1896 Tsunawhil®33 Tsunami with only 2
and 4 survivors respectively. An ancestor built ammrial stone on which an
important lesson was written, “Don’t build any heuselow this point!” The stone is
located 60m above sea level. The villagers follotesl lesson and built their houses
in the upper area. When the Tsunami came all d@hagan 800m up the slope and
escaped to their houses built on the hill. The &suirstopped 50m in front of the hill
and all villagers were saved.
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Figure 4a: The Deepest Breakwater against TsumakKamaishi Bay. Iwate
Prefecture
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Figure 4b: Destructed Breakwater in Kamaishi Bayredynami

In the case of the 1995 Kobe Earthquake, whicledkithore than 6,000 people
the establishment of a GIS database was so impdamarecovery from the damage.
Many local governments started a GIS databasevauything including computers,
databases, backups, even city and town halls/sffreere swept away. Most people
lost ID cards and passports which made it diffit¢alidentify them by documentary



evidence. In several towns, the official registatdata bases were also lost as well
as town offices.

Lessons from the disaster

First of all, | have to say that there is nothirgg@utely safe. Though many
Japanese doubted the safety of nuclear power platJapanese government and
industry convinced people to support the constoactif nuclear power plants as they
believed them to be absolutely safe. In spite efrtAversion to nuclear matters, as
the Japanese have been the only nation to experanmic bombs, the majority of
local people accepted the construction of nucleargp plants through a referendum.
Electric power companies and consultants always that power would be cheapest
if produced by nuclear power stations. But now apahese realize that the cost has
been tremendously high and in addition the acciderdbbing them of their life and
their use of land more than 250km wide (Tokyo i9Kth away from the Fukushima
Nuclear Power Plant and its drinking water is ingkx of contamination from atomic
radiation). We are learning how difficult, complieaand time consuming it is to
control a nuclear plant after an accident.

Many local people have made mistakes and misjudtgréough they were
given lessons by their ancestors on how to evaciiate a Tsunami. But some
people did not know enough about the behavior aindmis. For example, Asahi
City, Chiba Prefecture located on the sea coast miady the first Tsunami at
3:45pm, one hour after the earthquake when localplpe had succeeded in
evacuating to a hill. After the Tsunami withdrewn®e people went down to their
houses or the coast, even some people tried tehéir cars with gasoline. But a
second Tsunami came at 4:20pm, 35 minutes afteffitste Tsunami when these
people were swept away and died. After the withatant the second Tsunami, the
survivors wanted to search for victims in the @tga near the coast as they did not
think that the Tsunami would return. Unfortunatalghird Tsunami, an even higher
one hit the coast at 5:26pm, an hour after the rekctsunami and killed the
remaining people. One of the survivors said thatelwould no more Tsunami after
the second one. The occurrence of Tsunamis andrépastitions were different from
place to place. The earliest Tsunami was 15 minafies the earthquake while most
Tsunamis came 30 minutes after. But we Japanedandid that sometimes it takes a
long time for Tsunamis to arrive. For example, thg 6m high Tsunami hit the
Sanriku Area 22 hours after the Great Earthquakerroed in Chile in 1960, killing
142 people. NHK TV immediately announces whether hage to prepare for a
Tsunami but not after every big earthquake. At timse many people evacuated
second or third floors of concrete buildings. Theguld or should be safe, but the
Tsunami came up to the fifth floor of some buildsrfgr which the roof was the only
safe place.

In Japan, all local governments must produce lklarak maps which show
places of refuge or shelter and roads leadingdmtiSome villagers followed these
guide maps and successfully reached the refuge,irbwther cases they were
unsuccessful as the estimated height of the Tsumweasi lower than the actual
Tsunami. There was an interesting report in whicm& Hama, Miyako District,
Iwate Prefecture succeeded to evacuate 109 peaplef d10 villagers onto a safe



hill even though the village had no breakwater asfaihe Tsunami. Those villagers
used to rehearsal Tsunami evacuation proceduresty eyear including
communication among Vvillagers and evacuation rgutiAt Funakoshi Primary
School located in Yamada Town, lwate Prefecture stthool itself was designated as
a place of shelter as it is located 13m above daelesvel. 176 school children were
first evacuated to this school, but Mr. Shuzo Tas(B5), a school helper judged the
shelter was not high enough when he saw the Tsuwan®e at the coast. He urged all
children and teachers to escape up to a hill 40ghdn Then Tsunami came and
swallowed the school. If he had not guided therth&higher hill, all people would
have died.

There was another successful story in the city-air&), Ibaraki Prefecture which
was hit by a 5m Tsunami. A young fire man 19 yeddscontinued to shout in front of
the disaster wireless microphone which warned getbpbugh 45 speakers; “Escape to
a higher hill immediately!” even though the Tsunaame to his legs, he continued to
shout after the Tsunami went away “stay there amd dnove” for two and half hours.
It resulted in all local people including an oldyeof 91 years old being perfectly safe.
The lesson was obvious that ‘software’, particylasbmmunication systems could
work much better than hardware such as super hgdktvaters.

Who survived and who did not?

Besides the above mentioned stories, | would lketroduce several fortunate
and unfortunate stories as follows.

— When an old lady, 60 years old was swallowed by Thenami and was
bobbing up and down in water and trying to geth® surface, luckily a “Tatami”,
Japanese mat floated in front of her. She jumpdd the “Tatami” but she was in a
whirl and vortex rotating at high speed. Again lilicla wooden house floated by so
she jumped onto its roof. Finally she was rescuyed belicopter.

— A young mother with two children tried to escapeatplace of refuge in her
car, but she could not move because of a traffit @he decided to go back but she
could not make U-turn, she went onto the opposite land accelerated in reverse
gear. Finally she could escape from the Tsunamniarty cars in front were washed
away.

— Another young mother tried to evacuate to a refuge hill by car together
with her mother and children. She listened to aceodf a policeman shouting
“Tsunami is coming!” She decided to get out of tlae and took her mother with her
children to a hilly forest nearby. In only a fewceads, the Tsunami came and swept
away her car together with other cars in front ef. iFive days later she discovered
her car turned over and crashed.

— The town mayor of Otsuchi Town, lwate Prefecturganized a rescue party
immediately after the earthquake with other stafsmle of the town office. The
deputy town mayor realized the Tsunami was comigsiouted to escape to the top
of the fifth floor building of the town office. Wimethe deputy town mayor reached
the roof of the building, the town mayor was on \wey but was swept away by the
Tsunami. There was no more than 30 seconds differeetween safety and death.
Similarly in Onagawa Town, a gentleman ran up ® fifth floor (15m high) and



safety but he said no one could believe that thendisi would come up to such
height (see Fig. 5).

©Yomiuri Newspaper

Figure 5: Water Level of Tsunami (15m) in Onagawait up to the Roof of the
Fifth Floor Building

— One journalist of lwate Tohoku Newspaper tried tvel his car to collect
information about the damage. He brought his peidsoomputer from the second
floor office into his car. His wife also helped hiput she recognized the Tsunami
coming soon. She shouted to Ieisband to escape to the second floor immediately,
but it was too late for him though his wife couktape. She saw her husband’s face
in the wave of Tsunami.

— A woman escaped to the second floor of her housevine Tsunami came
up almost to the ceiling. There was only a smadicgp say 20cm for her to breath.
She grasped a curtain rail to prevent from beingpgvaway for more than 30 minutes
until the Tsunami went down. She was lucky to sewed in the next morning but
she had to spend a very cold night being wet invbelero degree temperatures.

— A grandmother aged 80 years old and a grandson Ageakars old were
rescued 9 days after the earthquake. Their houseswapt away about 100 m from
its original location in the direction towards tlweast, Ishinomaki City, Miyagi
Prefecture. The house collapsed but luckily thehdah floated in the water and they
were forced to stay inside the room for severalsday neither she could move to
escape. As the grandson could move about in th®wéakitchen, he found water,
cakes and yogurt in the refrigerator which wereegito his grandmother. Finally the
grandson succeeded in escaping 9 days later aledl calt to be rescued and was
discovered by rescue patrol. This would be a varg case.

— At a hospital located in Rikuzen Takada City, Iw&efecture, Secretary
General of the hospital tried to bring a satelitenmunication device placed on the
ground floor up to the fifth floor. He handed itesvto one of his staff and tried to
climb up to the fifth floor, but it was too lateh@& staff could escape to the roof of the



hospital with the satellite communication devicel aarvived. The Tsunami came up
to the fourth floor and killed all patients who ygtd on the third and fourth floors,
and even the fifth floor. The speed of Tsunamiaigl 40 be 800 km per hour in the
ocean and 60km per hour at coast and on land.dtmech faster than expected.

— Mr. Ohtomo, Wakabayashi District, Sendai City, MyyaPrefecture had
recognized long before the earthquake that it vasappropriate for Sendai City to
designated a primary school as a shelter for aarauand requested Sendai City in
September 2010 to change the hazard risk map themnplace. When Tsunami hit
the district Mr. Ohtomo did not go to the schoot buhigher road where he looked
down to see the school swallowed by the Tsunarheakevel of the second floor. The
road he selected was safe, which was on the bofdére Tsunami safe area. 300
people could survive on the road, but many otheplgewho followed the hazard
risk map died at the school.

Prediction of earthquakes

No one has succeeded so far to predict earthquiakesne of the most difficult
sciences and technologies in the world. Japandsenisescientists and engineers
have not yet succeeded either. | tried to makeedigiion using GPS fixed stations
located all over Japan, which are constructed bg-spatial Information Authority
(GSI). Dr. Harumi and | have developed a methogfediction by checking whether
the changes in dimensions of triangles between &tfagons exceed a threshold. |
have already submitted a paper on “Prediction athifaakes with GPS Data” to
GIM, Coordinates and Journal of Digital Earth. Utdmately Dr. Araki and | are
retired persons who have no assistants or reséancs. \We could confirm that all
earthquakes in the past showed early signals béfheseoccurred but we could not
predict exactly on which day the earthquake woualkclio The longest period between
detected changes and the occurrence of the eakiguess two months and shortest
case was only one day. Sadly not many people showae@st in our research and the
method has been neglected even though we succéededister the method as a
Japanese patent in 2006.

Dr. Araki and | are not interested in businessdumuttributions to help people. |
hope someone can follow our method of the predidgtiduture.

Role of geo-spatial technologies for the disasteranagement

RS and GIS are useful for damage assessment toaceretween situations
before and after the earthquake and Tsunami. Tdrer&vo remarkable issues on this
occasion. One was that high resolution satellitegies clearly showed the damage and
accidents at the Fukushima Nuclear Power Plants.sAivey was not available
because of the high level of atomic radiation imn @ well as the destruction of local
airports. Satellite images showed the conditiothefpower station buildings destroyed
by the hydrogen gas explosion, which was usefutdoovery planning. Another issue
was damage assessment by comparing images befdraften the Earthquake and
Tsunami. As the damaged area was so huge, helisoptere inadequate. High
resolution satellite images and also SAR were wssful to realize the scale of the
damage (see Fig.6). Pasco analyzed high resolsétailite images and reported that



70% of the damaged areas by Tsunami were stilldatat on the 24March, almost
two weeks after the earthquake. Insurance companizgpan announced that they will
provide compensation for earthquake insurance bgsasg high resolution satellite
imagery or aerial photographs without the site stigation, as access to the damaged
areas was difficult and hence buildings could molkdeated or assessed.

A GPS wave height recorder located a few kilomefsyen offshore showed
mostly 6~7m high waves which would usually be dedldlepending on the sea depth
and topographic conditions on land. A GPS recotdanot be an early warning system
as the speed of Tsunami is 800km per hour in degpueas and reduces to 60~100 km
per hour on the coast and land. This means thes dOkm across will be inundated
by the Tsunami waves in only 10 minutes. UAV wasyvaseful to photograph
Fukushima Nuclear Power Plants for analyzing theatge in detail and planning the
next action, as ordinary aerial surveys cannot laderdue to high risk of atomic
radiation, while high resolution satellite imagesrgvalso useful in the early stages.

14m high Tsunami crossed
over the 10m high breakwater

Figure 6. Damaged Areas (red) of Taro, lwate Fxeélyzed by JAXA with ALOS
SAR

We thank Digital Globe, Google, JAXA, RESTEC andwather organizations
for releasing satellite images for comparison psgsoon the Internet. | also thank
YouTube for publicizing video images of the Tsunaamd other scenes. Many
Japanese took videos and pictures of the damagbeoéarthquake and Tsunami
using Japanese digital cameras and video camerash wiould be very good
references in future for establishing countermesswn how to prevent, reduce or
mitigate the effects of the disaster.



Concluding remarks

Although my family and my house in Tokyo are saféhaut any damage, |
could not stand to watch the TV scenes as thesiaation was too miserable. |
sympathized with the affected people and those latatheir lives but as an old man
living in Tokyo | cannot directly help those peogecept by donations. What | can
do is to inform my friends and colleagues arouralilorld about the real situation
and stories. It could be somehow useful for ounetgdo assist in saving human
lives.

In conclusion, Japan committed a big mistake imnlgsnuclear power plants as
a sustainable development which has proved to bsustainable.

| would be pleased to know if you have become wisereading my article.

Finally | extend my condolences to those victimd #reir family who were lost
as a result of the Tohoku Kanto Great Earthquake Bthank many friends from
foreign countries and regions who have sent me wiodls to encourage me as well
as Japanese people.

© S. Murai, 2011



MEETING THE WORLD HUNGER PROBLEM

Gottfried KONECNY
Emeritus Professor, Leibniz University Hannover, Gemany

1. Introduction

The United Nations, and in particular its Agency G5Athe Food and
Agricultural Organization has addressed the diffies of sustainable development
of the world due to the World Hunger Problem. Th& €untries have committed
funding of 22B$ at the 1Aquila Conference in 2010 to combat this global ptem
disaster. The Federal Republic of Germany has BEBbyears alone.

The reasons for this potential global disastemaaayfold and can be described
as follows:

2. Urbanization

At present there are 6 B people in the world. Thalebe 9 B by 2060.

The highest rate of growth from 1B to 3B will be Africa. E.g. Nigeria will
grow to 300M people, and Lagos will grow 4 times2®50.

Before 2010 the world rural population was morentti% and the urban
population was less than 50%. After 2010 the urlpsnpulation will grow
considerably higher, while the rural populationlwgcline.

This trend cannot be reversed, but it may be ples$todiminish the adverse
effects.

3. Food
Between 2007 and 2010 the world will require 70%erfood.

The 148 developing countries will need 97% moralfashile the 63 developed
countries only require 23% more food. In the perd@®@b1 to 2007 the growth was
148% in the world, for the developing countries #b%and for the developed
countries 63%. In that period this was possiblgbyg to the limit in exploiting the
available resources, which is not possible any rfaréhe 2007 to 2050 period.

No planning for food security exists. The altermasi are migrations.

4. Fresh Water Resources

The limited availability of fresh water resources an indicator. 70% of fresh
water utilized is needed for agricultural producti@0% of the cultivated land for
agriculture in the 219 countries of the world isgated. 40% of the agricultural
production occurs in developing countries, 60% biclh depends on irrigation.



Potential for further irrigation does not existAfrica and Asia, but only in Latin
America:

Irrigated area in M square km area suitaberfigation in M square km
S Asia 0.79 1.42

E & SE Asia 0.75 1.11

Latin America 0.19 0.78

NE & N Africa 0.28 0.43

Subsaharan Africa 0.05 0.39

There is a global demand for the increase of 10%@ds of irrigation.

5. Emissions

According to the U.S. Department of Energy Infonmmatthe global CO2
emissions are continuously rising. This causeseaf global temperature with more
evaporation and more precipitation, except in thyeadeas of the globe. The result is
the melting of glacier ice and the rise if the &&aael. At present 120M people are
affected by this, but in 2050 there will be 1.2Bpke. If a global rise of temperature
Is to be limited to 2 degrees, this means, thatthieent agricultural production is to
be lowered by 20% for 2030, by 40% for 2050 an&®% for 2070.

At present global effects may be small, but lo¢eats are large.

6. Energy

In the energy sector there is a need for an inere&$0% in the next 50 years.
At present the oil price is the base price for fdédod needs to be transported to the
market and properly stored costing energy.

The global energy need at present is for 500 EJ,BDis for transportation.
Biomass fuel generates 50 EJ, 80% of which isendiéveloping countries.

7. Poverty problem

70% of the poor live in rural areas. The poor hefew resources to afford to
buy food. Therefore investment in agriculture iguieed, so that the poor can be
involved in the food production.

Food production has become an industry with padigbmation in which the
rural population does not share the wealth credgdthat industry. Its profit
maximization often leads to monocultures with fiveonmental effects.

The global market dictates raising of cattle bycshkhtihe local resources of water
and other crops are depleted. To diminish povdréylocal population needs to be
integrated into the process.



Microcredits for small farmers may be a solutiorb®offered by International
economic cooperation, which serves as a key togtinen the needed infrastructure
and education.

8. International Aid to Rural Areas

The previous 18% of international donor aid to rwaeeas has in the last 2
decades diminished to 3 to 5%. Therefore the Milliem Goals cannot be reached. It
Is realized that the original level of support slddoe restored.

9. Needed Investments
In which areas are investments needed?

1) Infrastructure for roads, marketing paths, electitfon, food safety: 18.5B$

2) Rural resources 9B$

3) Institutions (such as the cadastre) 6B$
4) Research and development 6.3B$
5) Safety networks 6B$

6) Food safety 7B$

The total need is for 50 to 60B$ of investments.

The funds foreseen by th&erman Federal Ministry of Economic
Cooperation will amount to 1B$ per year for the next 3 yearsupport agriculture
in rural areas.

850 M$ will go into bilateral projects
120M$ will go into multilateral programs (World Fed&rogram)
30M$ will go into agricultural research

The problem is that rural development is crossesatt4 areas have been
identified for needed cooperation:

1) Rural economy

2) Management of natural resources

3) Infrastructure

4) Political framework

Priorities must be defined in partnership with tleeeiver countries and in
coordination with other donors.

The aim should be to develop small size farming.

The issues to be considered are:

1) Agriculture is a human activity requiring educatiamd organizational
setups. The optimal size of farms depends on tpiene

2) The maintenance of biodiversity is important



3) Rural areas need to become more attractive

4) Governance is a burning issue. It requires a ladgahework, political will
and an administrative structure which guaranteesirseland rights. This is of
particular concern to the survey and geoinformairodessionals.

5) Gene technology can double agricultural productibowever, further
research is required

6) Sustainable fish cultures are mandatory. 75% offifgs grounds are
overfished. Aquaculture is an alternative.

In these tasks the professional fields of geoin&dios are required in this
multisectoral approach, which alone can lead tostasnable solution of the problem.

Natural disasters are of major concern for a palgrccountry or region.
However, the world hunger problem can become admode disaster, if it is not
tackled in a multisectoral integrated way.

10. Comments by a distinguished world economist:

Franz Radermacher was invited in July 2010 to a$drthe goup of
photogrammetrists, who celebrated the™B@niversary of the International Society
for Photogrammetry and Remote Sensing. He is adiognmember of the Club of
Rome, who made the first impact in discussion tloeldws limited resources in the
1970@s. His contribution is summarized in the followingmments compiled by the
author of this paper. These comments are very nmuthe with the contents of this
paper.

Radermacher acknowledged the contribution of ISPIRE international
understanding and its reflection on the past, wisdhe key for the future. 100 years
ago, the Austro-Hungarian Monarchy, as well as@senanian Empire had elements
of a supranational structure, which failed, butnfravhich we can learn in all
modesty. There have been dwarfs on the shouldergiarits, as the Viennese
economist Schumpeter expressed it. We can easéywhat scientists have brought
about. It is the ability to cooperate, which can the most powerful driver.
Technology alone is not enough, it is only a chamdech can be used for the right
purpose. Engineers in the past have been succassfdlving problems, until a
bigger problem came up. Examples for the boomesdtferts and the following
frustration were the invention of the “paperlesfcef, which created the biggest
paper demand ever. Or, the idea that the Internatdastop travelling. Now we travel
all the time, despite or because of it.

At the present time, when half the human populatiams less than 2$ per day,
there is not enough to eat. Nevertheless, cows;hwéie raised to feed us, consume
more resources than humans. The production of ieigetlis a similar issue. The
adoption of a modesty principle would be appropridthe main effort should be on
human cooperation, not on self destructive compatitCompetition should be
regulated by law. 1000 years ago Europe lived enddrk ages, progress then went on



in the Islamic world. Today, China is on the riStould the winner take it all? Or
should also the loser gain?

The present global environmental problems havelaated. Will we have a 2
degree higher global temperature? Will we cope wgitlbal reforestation, which calls
for 5 million square km of new forest by 2040? A¢ tEnvironmental Conference in
Copenhagen there was a negative press with regpechina and India, and yet,
these countries have a much lower CO2 emissiomnpabitant, than the developed
countries. We should cooperate and accept the moffess, these countries make,
and not dictate.

We know, that the financial sector needs regulati@s the free market alone
cannot solve all problems, we need an ecologicegiatbalance.

Adam Smith, the philosophical founder of capitalisrorked under reasonable
regulations, economy was a tool in this framewankHim. The Club of Rome and
the Global Ecoforum suggest, that we need sciendenee need cooperation. Greed
in the brains does not bring happiness, but mutndérstanding does.
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Summary

The Global Monitoring for Food Security (GMFS) @of aims to provide earth
observation based services for, and encourage gpslnips in, monitoring Food
Security and related environmental processes. i$hdene, by concerting efforts to
bring data and information providers together, riden to assist stakeholders, nations
and international organizations to better implentaetr policies towards sustainable
development.

GMFS is an ESA Earth Watch GMES Service ElementH)G8d is part of the
ESA contribution to the EU/ESA Global Monitoringrf&nvironment and Security
(GMES) framework. Service lines and user networkl teeen established and
consolidated during the first two stages of thejgmip which ran from 2003 until
2009. The aim of the 3rd stage of GMFS, kickedimflune 2010, is the sustainable
transfer and integration of ESA data and the GMé&iSise portfolio into operational
contexts at the relevant African stakeholders nekso

1. INTRODUCTION

Currently more than 1 billion people on earth dfected by hunger and more
than 30 countries are experiencing food emergeifitjedlost of them are in Africa.
Advanced Earth Observation technologies can céytamntribute to more effective
mechanisms for identifying food crises and to defearly reactions, but are at this
stage rarely integrated into decision making preees The main reasons for this
were i) still limiting capacities and weak expemttworks at the stakeholders levels,
i) lack of integrated processes to operationaiperate the needed geo information
at appropriate scales and iii) lacking long termailability and continuity of earth
observation and satellite data.

Access to ESA satellite and Third Party Missionadit African stakeholders
networks and the future availability of this typedata via the Sentinel missions,
together with the recently approved data policywq@ples to ensure free-of-charge
access to all Sentinel data is one important daution to address these issues. The
ESA GMES Service Element Global Monitoring for Fo8&ecurity (GMFS) is
another contribution to this.



GMFS aims to establish operational services fop ermnitoring in support of
Food Security Monitoring to serve policy makers aperational users, by ensuring
sustainable integration and application of thoséutmms into a well nodded
stakeholders network in Africa [2].

The GMFS framework is focusing on those aspectsead security monitoring
where satellite derived technology brings addedieallThese include monitoring
parameters reflecting crop condition, agricultyredduction and overall vegetation
health [3]. Since 2003 the GMFS framework is aimatgestablishing multi scale
crop monitoring services by providing spatial inf@tion on variables in different
spatial, temporal and thematic resolutions affectifiood Security [4]. Policy
makers and operational users at the various adima@tie levels do need reliable
and continuous information sources. Advanced cnéprmation derived from Earth
Observation data do contribute to their need toieaghtransparency about the
extent and distribution of agricultural productias essential information to assess
food availability. Whereas the ultimate goal tontfy food insecure areas and
populations and to quantify their level of vulnalidyp with particular emphasis on
food security, does need more than only innovaaimd robust processing chains.
Assessing the information needs, being able toldp\e technological solution and
providing services is a first step. Ensuring knowawhtransfer, following up the
actual integration of the services into the dayl&y- frameworks and being fully
involved into the institutional networks is a sedatep, to really bring the solutions
to the user institutions.

Coming from the current GMFS status (Chapter 2 #rticle will summarize
the strategy how the service integration and know transfer to the user community
Is being performed in GMFS3 (Chapter 3).

2. RECENT GMFS OUTCOMES

During the two previous stages of GMFS the valueRefnote Sensing (RS)
information from continental to local scale for pranonitoring and food security
could be demonstrated.

Thanks to the multi scale GMFS portfolio (see talgdod working relations are
established with the stakeholders network in Afrithese services provided the
regional centres the necessary reliable accesariywarning data sets and capacity
building, to support their decision makers andrtagonal early warning units. As an
addition to the continuously production and prawnsof the Early Warning Services
(EWS) GMFS established an extensive data catalgguand dissemination
infrastructure by means of GeoNetwork, interngt,tfansmission and the ESA Data
Dissemination System (DDS).

At national level GMFS contributed to stakeholdeanieworks with the
introduction and the integration of the Agricultukédapping Services (AM) into the
common work flows. GMFS delivered demonstration esasand identified



bottlenecks and weaknesses of RS for agricultuppli@ations. In this respect
GMFS also provided advanced training for groundhing field work, GMFS- and
satellite data handling and the integration of éhpsoducts into the daily work of
various government experts.

Table 1. GMFS Il Service Portfolio between 2005 2668

Service Product Name

FAST Evapotranspiration

Vegetation Productivity Indicator (VPI)

Fraction of Absorbed Photo synthetically Activeiedihn (fAPAR) /
DMP

Soil Water Index (SWI)

Early Warning (EW)

Agricultural Mapping | Cultivated Area (CA)
(AM) Extent of Cultivation (EoC)

Crop Yield assessmenCrop Yield (CY)

Support to CFSAM GMFS Support Kit for FAO/WFP CFSAMSssions (SK)

Throughout the project user involvement and usetamis grew continuously.
The GMFS partnership secured very good relationsegtonal level with the
AGRHYMET centre in Niamey, RCMRD in Nairobi and t@ADC-RRSU in
Gaborone. At the national level very close workmegations were established with
Ministries and public authorities in Senegal, Efip Mozambique, Malawi, Sudan
and Zimbabwe. These relations were strengthenedhbyfact that the GMFS
partnership was opting to have local experts ammat GMFS representatives to
support the consortium with its user liaison anglementation of GMFS services.

With respect to the services provided in GMFS | Hralsummary can be found
in reference [6] In short it can be said that:

For the Early Warning services about 30 million kmére covered with
indicators on a 10 daily basis, serving 8 regidnsterest and 11 user organizations.

Agricultural mapping products were provided to humies; Senegal, Ethiopia,
Sudan, Malawi and Zimbabwe, addressing the needsesgective Ministries of
Agriculture. Throughout the 6 years of GMFS operad, Malawi and Senegal were
mapped 5 times and Ethiopia and Sudan were mapped.tin other words 4.1
million km? were mapped at medium resolution anduald million km? was mapped
with high resolution images.



Validation of these products was done based upaldwipork. In collaboration
with local experts and integrated in already emgstnational surveys, a total of nine
fieldwork campaigns were executed.

Agro-meteorological departments in Senegal and Maleere supported with
yield estimates. These yield estimates were providéce per year and covered the
most important regions in the country.

For the support to the FAO /WFP CFSAM, inputs wanavided for missions in
Zimbabwe, Ethiopia, Sudan, Malawi, CILSS, Mauriggritenegal, Gambia, Guinea —
Bissau, Mali, Niger and Chad.

Over the past 6 years 30 training session wereiggdvo a total of around 200
national, regional and international experts. Tirggrsessions covered all aspects of
GMFS:

— Field data collection

— Validation procedures

— Early Warning indicators

— High resolution SAR data and medium resolution cgbtidata for
agricultural mapping

—  GMFS support to CFSAM methodology

— Agro-meteorological Yield forecasting

- ESADDS

As a result of these achievements the consortiweived clear request from
several users to continue with the services atiayesS2.

3. TRANSITION TO GMFS3

For GMFS3 the service integration and know howsfanwill be employed on:

— An organizational level to transfer the servicesoferational structures
through the actual involvement of the users ineg@rvice network,

— A technological level through an ongoing evolutioh the services and
customization dedicated to the different user nesdis

— With a logistical focus aiming at establishing asttengthening data
accessibility and dissemination by means of upate technologies.

Whereas all developments will be a continuatiorthe&f recent outcomes, the
consolidated Service Portfolio and the establist&slvice Network [6] will
specifically be customized to dedicated users néssFig. 1).
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Figure 1. Overview of the GMFS activities by regemmd service

In this respect the particular emphasis of GMFY&ftais to take the following
measures:

3.1 Transfer services to operational structures

The GMFS partnership already initiated the orgaiomal process of growing
involvement into the African stakeholders’ frameksr established formal
collaborations with the relevant legally mandategaaizations in various countries
at very high political levels and is going to sgdren these activities.

3.1.1. Involvement of user organizations

By design, users are involved in GMFS Stage 3. iloposed activities build
upon the partnerships established with key usersmgliStage 2 (Sudan, Malawi,
Senegal, Zimbabwe, and Ethiopia). This ensuresraatyt in supporting those users
and further paves the way for sustainability. Wetich of those users service level
agreements have been established in the 2005-08%$eriod.



The users are the driving force behind the impldgaten of proposed GMFS
activities. Those will be the institutions to execand use the GMFS services beyond
this stage 3. The service network within Africa Iwbe coordinated through two
regional centres AGRHYMET and RCMRD for respectvélest and East Africa.
They are included as GMFS3 subcontractors of th&=&Martners. Thanks to their
mandate the involvement of the regional centrebgmdatly facilitate the contacts at
national level and assure know how disseminatiocoaintry level. The Regional
Centres will be the key actors of the service sonakality ensuring a multiplier effect.

Table 2. National users in GMFS Stage 3 and aetaifse international and regional

level.

Institute Country
International level
Food and Agricultural Organization (FAO) UN
EC Joint Research Centre — MARS-FOODSEC EC
World Food Programme / Vulnerability Assessment plag Unit UN
Regional Level
AGRHYMET Centre, Niger CILSS
RCMRD, Kenya East Africa
National level
Centre de Suivi Ecologique Senegal
Ministry of Agriculture and Rural Development (MoA&R Ethiopia
Federal Ministry of Agriculture (FMoA) Sudan
FAO Emergency Unit Zimbabwe
Instituto Nacional de Meteorologia-INAM Mozambique
MINAG Mozambique
Ministry of Agriculture, Irrigation and Food Sectyri Malawi
Laboratoire Sol - Eau — Plante/ soil — water — plaboratory” (LaboSEP) of Mali
the Institut d'Economie Rurale (IER) in Mali

3.1.2. Scientific advisory group

A scientific advisory will critically review the gentific value of the provided
services and provide recommendations on methodzbgnprovements. Members
that confirmed their interest are:

— Université Catholique de Louvain

- JRC

- FAO

— University of Bonn

- USGS

— User Board

One representative of all the GMFS users organissitwill join the User board
which will be connected with members of the GMFSeB8itfic advisory group to
ensure collaboration and knowledge exchange betweed users and the
international experts.



3.2Maintain services and benefits to users

The technological part of the transition to GMF&Bjuires a revision of the
given capacities and infrastructures of the ussitutions on the one hand side and a
revision of the appropriateness and usability efgarvices and products on the other
hand side.

On basis of the lessons learned in former projeges and the very close
embedding of the GMFS framework, future activiéee aiming at strengthening the
technology transfer by means of a systematic cugtdion of the GMFS services to
dedicated user requests at national scales (se2).Fithese are linked up with
complementary development initiatives in the défgrcountries.

3.2.1. GMFS3 Services

All services that are part of GMFS3 are based upaclear user request. This is
the basis for collaboration and is also a primaoydition in achieving service
transfer to the user. Targeting specific user nemad helping users to better
understand and use the GMFS3 products is a fiept tetwards sustainability of the
Services.

The following information services are planned:

— Crop Yield and Vegetation Monitoring Service (CVM)

— FAST Service (FAST)

— Soil Moisture Monitoring Service (SMM)

— Support to the optimization of national agricullusarvey Service (ASO)

— Agricultural Mapping Service (AM)

— SAR knowledge transfer Service (SAR)

— Support to Crop and Food Supply Assessment MisS@wmice (CFSAM)

3.2.2. Service Evolution

Services will be continuously improved through detitd R&D actions and
through parallel R&D projects. In general the fogul be on service transfer to the
users and as such users will benefit of these gwokithrough dedicated training
sessions. However there are also two dedicatedsdines for R&D foreseen within
GMFS3.

The dedicated R&D activities are foreseen for Malkoaensure evolution of the
services:

— Experimental crop acreage assessment

— Experimental crop specific and crop changes maps

These two work packages will tackle important ariding issue of agricultural
monitoring of selected agro ecological systems altl be performed in close
collaboration with local expert (agricultural anedmotes sensing) and the GMFS
science team.



Overall Management
VITO

West Africa East Africa Southern Africa
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AGRHYMET(CRA) RCMRD
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CFSAM Supportto Crop and Food Supply VITO VITO
Support Assessment Mission Service . .

Figure 2. Overall schema of the GMFS project orgatnon by Service, region, user
and responsible GMFS partner.

3.2.3. Service Sustainability

The design of the project is such that all actgtiare geared towards the
integration of these type of services into operationonitoring mechanisms.

In particular, the activities and actions foresages

— Secure access to the users to Earth observaticed q@®ducts, through
setting up operational multi-sensor processingrshand facilitating the distribution
and usage through dedicated tools and disseminag@mmanisms. As such ensuring a
smooth transition to the upcoming sentinel mission.

— Capacity building and training in order to betterdarstand and facilitate
usage of the GMFS data and products

3.3Set up access and data dissemination mechanisms

A logistical focus of GMFS3 is emphasizing the bbslament and strengthening
of operational reliable and easy to handle dateessmibility and dissemination
systems by means of up to date technologies. DUBMFS Stage2, ESA DDS
network, EUMETCAST (VGT4AFRCIA) and the UN GeoNetkaodes in addition
to standard means, such as ftp, web sites or esmadre used as data provision
structures and access to GMFS products and satgdita archives such as the GMES
framework as well as recent and future ESA missions



This needs to be enhanced further into a more degtseork of nodes in Africa,
a wider spectrum of data and products and to fuEBA satellite data and sensor
missions.

Another important aspect is to arrange access herotata centres and
providers. As various GMFS partners do maintaireagrents with international EO
data providers the GMFS framework should benesinfthis relations.

4. OUTLOOK

For a successful continuation of the GMFS servitains beyond this stage 3
one basic requirement for operationability will ke insurance of financial
continuity, which certainly will depend on the rdboess of the processing
technology, the reliability of data acquisitionsge taccurateness of the products, the
timeliness of the output information and the caregaplication of the outcomes.

In this respect the following aspects will indicatee success of the GMFS
service integration and technology transfer:

— The range of implementation into users’ operati@balctures

— Sufficient capacity and training aiming at undemsiag the provided
services to facilitate the correct applicationlod services;

— Adequate participative customization of technadsgio facilitate the data
processing;

— Easy access and operational availability of theelldat data and
geoinformation underlying the services.
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SUMMARY

For over a decade, the MrSID® technology from Lad@ch® has been the GIS
industry’s leading solution to the problem of sgwaand management of large
geospatial datasets. Today, as the precision doserincreases and as new data
forms such as multispectral and LIDAR become moicely available, the need for
advanced compression technology such as MrSID raoggito grow.

In this white paper, LizardTech introduces youhe toncept of compression,
MrSID technology, and the features that the MrSl@rnfat brings to your
applications and workflows.

I. The Need for Data Compression

Aerial and satellite imagery have been used byge@spatial community for
decades. It is only in recent years, however, suah imagery has truly become
critical, highly accurate, and ubiquitous: for thi® can credit the Katrina disaster
response efforts, worldwide counterterrorism itikes, technical achievements in
optics and signal processing, and browser-basegimgframeworks. Unfortunately,
as rapid access to such data has become an imperatganizations continue to
struggle with storing, accessing, and exploiting ttmassive archives of high-
resolution data that are so vital. National seguajencies, web content providers,
and your county government all have the same sehalfenges.

Because digital image files are so large, maimginimagery in its raw,
uncompressed form requires immense physical stoesgrirces, and accessing raw
data requires high-bandwidth networks and large omgmvorkstations. A typical
alternative is to store imagery in compressed fausing file formats like JPEG.
Although JPEG versions of the images may enablerfascess to lower resolution
image overviews, their quality is not suitable &oralysis and exploitation work at
high resolution. This often leads to the practi€estoring multiple versions of each
dataset, at different resolutions or compressidimga- one for browsing, one for
analysis, and so on. The storage and maintenaobé&pr gets worse, not better.

We know from working with customers such as thetéthiStates Geological
Survey (USGS) and the National Geospatial-IntefigeeAgency (NGA) that today’s
geospatial workflows regularly require supportfites hundreds of gigabytes in size,
storage of the imagery without significant qualigs, access to multiple resolutions
or overviews quickly, efficient random access itfie file to support arbitrary scene
requests, and so on.



For over a decade, the patented MrSID® technologynfLizardTech® has
been the GIS industry’s leading solution to thessblems. Our applications such as
GeoExpress® and Express Server® are used by thisisdnpeople every day to
encode and deliver imagery. And thousands moreMr&D files in hundreds of
applications including ESRI ArcGIS, ERDAS Imagiaed Google Earth.

With the introduction of the MG4™ format, the lategrsion of the MrSID
technology, LizardTech now offers compression fewnkinds of datasets like
multispectral images and LiDAR point clouds. Instwhite paper, we will introduce
you to MrSID technology: what features it offerd)exe it can be applied, and how it
works.

[I. MrSID for Emergency Response Applications:

All emergency response activities require speeg@roviding responders with
real-time imagery and data of the disaster zon@roblem area. From Hurricane
Katrina to California wildfires, from global anttrorism and homeland security
activities to local municipal police and emergemegponse, MrSID is the preferred
compression technology and file format for all typef emergency response, GIS,
and dispatch applications due its small file sizst performance, and the widely
adopted support for the MrSID format across diffier€slS applications and
platforms.

MrSID is supported in many applications includimogit not limited to, ESRI,
Intergraph, Trimble devices and applications, atitexs. In addition to '3 party
support LizardTech provides free access to the @s@df 4 application - a light
weight viewer that can be locally installed on &g& and computers involved in the
response efforts. What does this mean for emergessponders? Since users on the
ground require information, data, and imagery ideorto respond intelligently and
quickly MrSID imagery is not only %5 (by defaultmaller than TIFF and
significantly smaller than other compression fonat is also supported in the
applications being used in the field to assisthm tesponse efforts. MrSID is easier
to manage, faster to distribute and work with, auwgported in all major GIS
applications.

Creating MrSID imagery and/or compressed LIDAR dasa also fast.
GeoExpress is used for creating any generation &IM (as well as JPEG2000
compressed imagery) and processes data at 6GB oe mer hour. Many
government agencies have archives of high resoluoSID imagery online and
ready should the data be required responding t@riaty of emergencies and natural
disasters. LIDAR Compressor quickly compressesARDdata. Express Server is
used by several agencies for quickly serving massmounts of high resolution
MrSID imagery to a variety of different applicatoror many different projects
simultaneously.



Due to the small filesize, the wide support of MeSID file format throughout
the market, and the speed inherent in the formagiM is the file format of choice
for quickly delivering massive amounts of high deson imagery to end users in the
field for any activity, including emergency respens

[ll. MrSID Technology, in Detalil
What is Compression?

Compression just means making data more compatttamupies less space,
but the word sometimes has negative connotationsiinndustry: often compressing
imagery resulted in degraded data quality. You @¢dwdve high fidelity or you could
save disk space — but not both.

Consider a typical aerial image that is in 8-bitbc@nd is 6,000 pixels wide by
6,000 pixels high. This means the raw data wouldsisd of about 100 megabytes
(MB) on disk: 36 million pixels (6,000 x 6,000), twieach pixel requiring three bytes
(three color bands of one byte each). A common fi@skmight, in fact, have dozens
or even hundreds of such images arranged asdilemke up a complete mosaic, but
let’s just consider the one image.

When the pixels are stored in an uncompressed (i@w) like this, the image
data is not compressed at all: the amount of dmce required is equal to the
number of bytes needed to represent the pixels Gdme small amount for metadata
such as the geospatial positions of the cornertppieospatial file formats like
GeoTIFF store data in this raw, or uncompressed;, waery single pixel is fully
represented. Uncompressed formats have the adeaatagpresenting each pixel’s
data exactly as it was originally recorded, andveosay the image data is lossless.
The obvious disadvantage, of course, is all thke sjimce you need.

Through the use of various algorithms, however,ocaa often represent the
pixel data in a more efficient form. Intuitivelypy can think of it this way: if the data
consisted of a sequence of five identical valuehsas 123 123 123 123 123, you
might instead be able to code it using a sort afrthland notation like 123[5] in
which you store the value only once but add a ‘a¢@eunt” to it. Techniques like
this yield data that is compressed — which meass diessk space is needed — but the
image data is still lossless.

If we push our compression algorithms further, &g ind techniques which do
not store the data for each pixel exactly but exdtstore only approximations of the
data. Again intuitively, a high precision numbekeli3.1415, which requires five
digits, might be stored as just the single-digimixer 3, an 80% reduction in digit
space (a 5:1 compression ratio). The JPEG file &rmommonly used for small
images on the web, uses this sort of lossy comipres$he penalty for such lossy
compression schemes is that you typically lose erqgplity: edges might not be as
sharp, colors might seem flatter, small artifactghtibe introduced. For some less
demanding geospatial workflows, this might be ataiglp.



In summary, then, we have a spectrum of three kafdsompression and data
loss: uncompressed and lossless; compressed aheskisand compressed and lossy.
The naive techniques just described to achieveetkiegls of compression will work,
but by no means would provide high compressiomsatiigh image quality, and high
performance. To do compression well in the realldyahe algorithms need to be
designed for specific kinds of data, such as ge@dpmagery, and specific kinds of
workflows.

MrSID Technology: Quality and Performance

The compression techniques used by MrSID technologyide both high
guality imagery and high performance while stilletirg our industry’s challenging
workflows.

Image Quality: MrSID technology’s lossless compression yields casgion
ratios of 2:1 for typical imagery. This means yaed only half the storage space and
yet still retain your numerically identical, origihdata.

For further storage savings, MrSID technology’ssiosompression can yield
typical ratios of up to 20:1 while still offeringlavel of image quality that makes the
data indistinguishable to the eye for most workBow\Ve refer to this style of
compression as being visually lossless: theraliglata loss, but with respect to what
the image is being used for, the amount of logmperceptible.

Higher compression ratios are, of course, possibepending on how much
image quality you need to retain, and dependinthertype of your original imagery,
ratios of 40:1 and beyond can be used.

Encoding Performance: Geospatial datasets can grow to consume terabites o
disk space. Sometimes the dataset is just one fdegebut often it consists of
hundreds of smaller tiles that, taken togethemfarlarge mosaic. Either way, with
many applications the amount of memory requiregrocess and compress such
large datasets is prohibitive, requiring the useeater-class hardware or requiring
the end user to work with their imagery “piecemealily a subset of the tiles at a
time.

MrSID technology is designed to address this probl&/ith full support for
input and output file sizes larger than 2 GB anthwsupport for 64-bit processors,
there is virtually no limit to the size of the inmeyg that can be compressed.

Viewing Performance: Even at a ratio of 20:1, compression of a 20 TEskztt
still results in an extremely large (1 TB) MrSIDefi Users are often nervous about
working with files of that size because many Gl®legations will attempt to ingest
the entire file, causing excessive and occasiorfaligl demands on the CPU and
memory. Two aspects of MrSID technology solve ghisblem.



First, the encoding technique we use creates nwriltgsolutions of the image
within the generated MrSID file. This is similareffect to the trick of creating image
“pyramids”, but the MrSID technique does not creaxéra files for all the pyramid
levels nor incur the corresponding overhead inagf@rspace. Instead, the resolution
levels are inherent in the encoding scheme ang fidhtained within the single
MrSID output file itself. These levels are scaledlsthat each level is one quarter of
the previous level: for example, the full imagel@R4x1024, then a quarter-scale
Image at 512x512, then a sixteenth-scale imagééx25b6, and so on down to an
“icon” or “thumbnail” of typically 32x32. Applicatins can be instructed to extract
and process to only the level of detail requireitheut having to decode (and
perhaps then manually down-sample) the entirerédblution image.

In addition to enabling requests for only the ragsoh level desired, MrSID
technology offers selective decompression, whitbwa applications to request and
decode only the scene (geographic area) of intérest the file. Some other file
formats and compression schemes, by contrast, reeqhe whole image to be
decoded even if only a small part is to be showtherscreen.

Introducing the MG4 Format: The prototype for MrSID technology was
developed at Los Alamos National Laboratory in 19BRardTech’s subsequent
commercial version of the technology was called My&ID Generation 2 (MG2)
format and was introduced in 1998. The next verdiom MrSID Generation 3(MG3)
format, introduced in 2002, offered improved imagrlity and key features such as
lossless encoding.

After a decade which saw the MrSID format becomeleafacto industry
standard, LizardTech introduced the next generatidhe MrSID family. In response
to customer demand, we have extended the MrSIDdbtm MrSID Generation 4
(MG4) to support multispectral imagery, enablingenssto compress 4-band NAIP
data, 8-band Landsat data or even 224-band AVIRLS, dosslessly or with our usual
high-quality visually lossless compression. The Miédnat also adds support for
alpha bands, enabling users with shapefiles defitie boundaries of their image
data to perform more complex mosaicking operattbas ever before.

Until now, MrSID technology has only supported eastata — pixels arranged in
a very regular, 2D grid — but in the past few yeamsstomers with very large,
irregular, 3D elevation datasets have asked uscdompression support. With the
MG4 format, we have added support for LIDAR poifdguds. With LIDAR data,
users of the MrSID format get many of the same features found in our raster
compression technology, including lossless andaligdossless compression, and
selective decoding.

MrSID technology is available in LizardTech’s sudg applications and tools,
ranging from full-featured encoding applications itnage servers to lightweight
viewers. In addition, through our integration pars) MrSID files are supported in
hundreds of GIS applications. Whether you are usidgr MG2 files in your legacy



applications, taking advantage of MG3's lossless fin your current workflows, or
have a new need to efficiently encode multispeataster or LIDAR point cloud
datasets, MrSID compression technologies will supypmur needs.

IV. MrSID Technology for Imagery
In this section we describe in more detail somtheffeatures and capabilities of
the MrSID technology for raster image data.

Data Types and Formats

The MrSID technology is agnostic with respect te tfput file format, as long
as the input pixel data meets certain datatypeir@ments. This means that MrSID
files can be generated from a variety of data ssurncluding GeoTIFF, Imagine,
and ECW.

The MrSID technology supports most data types usedeospatial raster
imagery today: up to 16 bits per sample (signedrmigned). Raster image data is
almost always represented using unsigned intefeggal elevation models and file
formats like DTED, however, often use a signedgaterepresentation, and so to
support situations where our users want to comptiesse sorts of datasets, or
perhaps use terrain models as base layers for tfsializations, MrSID supports
signed integer data of up to 16 bits. The MrSIDhtexogy also supports 1-band
grayscale, 3-band RGB, and 1- to 255-band multtsplear hyperspectral imagery.

Image Quality

As discussed above, MrSID technology offers exoeliemage quality for a
given file size target.

— Numerically lossless: This level of compressionidgfly yields a 2:1
compression ratio, for a 50% reduction in storgepes. Lossless compression should
be used when it is critical that all bits of thégoral image be preserved. This is the
case for archival storage, as well as for uncommeorkflows where no possible loss
of precision is ever acceptable. You may also washse lossless compression when
you are generating a “master” image from which ottierivative images will be
made, as through the MrSID optimization processtilesd below.

— Visually lossless: This level of compression isi¢glly 20:1 for RGB and
10:1 for grayscale imagery. This is the most comrewel of compression quality
used, as it preserves the appearance of the imégeamost workflows, including use
of your imagery as a background layer and for mimgns of visual analysis and
exploitation.

— Lossy: Beyond 20:1, image degradation and artifaats appear, although
often not too significantly until ratios of 40:1 60:1. Such lossy quality may be
acceptable when the imagery is used only as a bawwkd layer for appearance or
when the image quality is less important than tloeage size or speed, such as for
informal visual inspections.



Performance

When considering performance, we usually considercost of running some
process, such as compression or decompressioeyrms tof memory usage, CPU
usage, and I/O bandwidth. The MrSID technologyasighed with these concerns in
mind.

— Compression: When dealing with very large imagesjyrimage processing
algorithms first partition the image into tiles athen process each tile independently.
This allows the computation to proceed without stgvdown due to excessive
paging of memory to disk. However, especially ire thase of compression
algorithms, such tiling can introduce artifactstire resulting image because the
algorithms cannot efficiently process cross-tilegioas. MrSID technology is
specifically designed to process imagery whose szkarger than the amount of
RAM available on the machine without resorting long schemes and therefore
without introducing any tiling artifacts.

— Decompression: When decompressing imagery, the omwssmon use case
Is for viewing, which means extracting out scenesly some subsets or regions of
the image are needed at any one time. With thenesdiution support inherent in the
MrSID format, the viewing application may first deée the resolution level needed to
display the scene at some physical screen resoldd then extract only the
resolution levels needed; this significantly impgevdisk I/O time and lowers the
amount of imagery the CPU must process. Additignttile viewer need only request
those portions of the file that correspond to #gian of interest; the entire image (at
the given level) need not be processed, again gdi@ bandwidth and processing
time.

When decompressing the entire image is required, plarformance of the
decompression step is roughly comparable to thahefearlier compression step:
again, MrSID technology is designed to run witheasonable amounts of RAM,
even for large datasets. If lossy compression veasl,uthe decompression will be
somewhat faster since there is correspondinglydatsbeing read in and processed.

Metadata

Because MrSID is a geospatial data format, MrSl&sfalso include geospatial
referencing information such as the coordinate regfee system (CRS), the
geographic extents (corner points) of the image] #re pixel resolution. This
metadata is an inherent part of the MrSID file fatrand is based on the well-known
GeoTIFF tag scheme. When performing a reprojectiparation or one of the
optimization steps described above, the metadatpdated to reflect the properties
of the derived image: when performing scale redungtior example, the resolution
metadata is updated accordingly. MrSID metadata @sused to record what
operations may have been performed on your dat&smt.example, you can
determine if the file you have still correspondslite lossless original data or if it has
been modified in some way. This native geograpletasiata support allows you use
a third-party application to import your MrSID imaxy for use as a base map with
other georeferenced datasets you might have.



Multispectral Support

For many years, some types of geospatial data inalkeded more than just the
usual three color (RGB) bands. Only recently, havewhave these kinds of
multispectral datasets started to be widely avhilab GIS users. For example, in
2011, USDAs NAIP program plans to collect data 1&r states which will contain
the red, green, and blue (RGB) bands plus a fonoftared (IR) band. DigitalGlobe’s
recently launched WorldView 2 satellite records R@Bs five additional bands: a
yellow band, two IR bands, and two “coastal’ bar@ther remote sensing platforms
are now collecting hyperspectral datasets, typicalie hundred or more narrow
bands. All these additional bands are chosen feir @iilities to improve feature
classification and extraction by providing morecdisinating information in areas
such as vegetation cover, shallow-water bathymairg, man-made features.

To support these new, richer datasets, the MrSiibn@logy can compress
images with up to 255 bands. The same key feaanestill available: lossless and
lossy encoding, multiple resolution levels, ancesele decoding. As more data is
being encoded and decoded, of course, more tinhdevilequired. The time required
scales linearly, when normalized to the numberasfds. That is, if it takes 1 minute
to encode a 1-banded image, it will take 10 mintdesncode an 10-banded image of
the same width and height.

The time required to decode imagery with varyingnbars of bands scales
similarly. However, many users of multispectral gesay only view one or perhaps
three of the bands at a time, mapping the bandsting familiar grayscale or RGB
space. In the same way that the MrSID algorithmdl werform selective
decompression for viewing only the scene of interté®y will also decode only the
bands of interest.

Differences among the MG2, MG3, and MG4 Formats
As the MrSID technology has evolved over the yetrs,range of capabilities
supported has evolved as well.

Specifically:

— MG2 does not support lossless compression

— MG2 does not support optimization

— MG2 does not support composite images

—  Only MG2 supports 32-bit floating point data

— Only MG4 supports signed integer data

— Only MG4 supports alpha masking

— Only MG4 offers support for multispectral and hygpactral imagery.

While some applications may only write newer vamnsiof the MrSID format,
all applications that read MrSID files will alwagentinue to support all versions of



the format. These considerations are importante@pkin mind, since there are so
many older MG2 and MGa3 files kept in long-term avels.

V. MrSID Technology for LIDAR

After what seems like only a few years, LIDAR isnmnbecoming a mainstream
GIS technology. LIDAR data is already being usedhimariety of areas, including
utility corridor monitoring, construction of centater-accurate surface and elevation
models, and vegetation or biomass measurement.

As with raster imagery, however, this data comeah wicost: file size. A typical
day of LIDAR acquisition can result in a datasetdineds of gigabytes in size and the
amount of data collected will continue to grow aasors improve in resolution and
functionality. Large files mean storage hassles lzantipered interactive workflows.
But technologies like MrSID have been developedhdoress those problems for
raster imagery — can the MrSID technology be usediDAR point clouds as well?

LIDAR data is fundamentally different from imagetaan three ways. First, and
most obviously, we have a Z height component inAiDdata. Second, we may also
have a set of attributes associated with each psuth as intensity, classification
label, or transmitted time of the laser pulse —artbian just the pixel value (color) in
iImages. And third, the LIDAR data do not lie oniewplicit regular grid, as image
data do: each LIDAR point must be stored explicilg we cannot infer position
based on an implicit grid location.

Although the algorithms differ, the MrSID compressisupport for LIiDAR
gives still the same core features we find in tetar world.

Selective decompressienAs the point cloud data is encoded, a spataddxns
created which keeps track of where the compresegdspare located in geographic
space, regardless of where they may be locatdeeiMtSID file. This means that the
data for a desired region (bounding box) can beessmrd and decoded without
reading (or, worse, decoding) the whole file as imayhe case with LAS files.

Multiple resolutions — Because the data is on an irregular grid, the
multiresolution (pyramid) scheme described earfiar raster imagery is not as
effective. Instead, the MrSID file is designed $&attapplications may request a
certain density of points within the region of ist; as further requests are made,
additional points may be retrieved. This allows agplication to try to achieve a
uniform point density across the entire datas#herahan have an excess of points in
some areas when the workflow does not require them.

Lossless and lossy compressieriThe data points are encoded using, again,
techniques similar to the MrSID algorithms for emstompression, allowing for
typical lossless compression ratios of 4:1. Logaymression ratios of 10:1 or higher
are typical. However, lossy compression is achiewalgt by removing some points



from the dataset, unlike the approximation techaidgputuitively described above.
(Consider that if the decimal value of a point posi was “rounded”, then the point
would actually move in space; this is a more sigaift issue for high-accuracy
elevation workflows than for workflows using theansity values of imagery.)

The time required to read the MG4 file is signifitg slower for large scenes
(over a third of the file, in this case) due to ttemputational overhead of the
decompression algorithms. For smaller scenes, meadestic of many viewing and
analysis workflows, the built-in spatial index imbet in the MG4 format
dramatically speeds up the data access compate&lSo

VI. LizardTech’s Products and Integrations

LizardTech was formed as a spin-off from Los Alanhsional Laboratory to
commercialize their MrSID compression technologyncg its first commercial
release in 1998, the MrSID file format has becomeiradustry standard. Today
LizardTech offers a number of products that creatanage, and distribute MrSID
imagery.

GeoExpress

The GeoExpress application is LizardTech’s flaggtipduct for compressing
imagery. It supports creation of MrSID files anctludes tools for mosaicking,
reprojecting, and color balancing imagery. The datelease, GeoExpress 8, adds
support for the MG4 format. GeoExpress also fullpmorts JPEG 2000, an 1SO
standard technology similar to MrSID technology.

LIDAR Compressor

The LIDAR Compressor application is LizardTech’sstfiproduct to support
LIDAR data with the new MG4 format. The softwargparts lossless compression
up to 4:1 and offers both mosaicking and previewihgupports reading both the
LAS and ASCII point cloud file formats.

EXxpress Server

The LizardTech Express Server system is the bdsti@o for distributing
MrSID imagery over the internet. A client connected website running the Express
Server image server can download and view highirgsa imagery quickly using
industry-standard protocols such as WMS. Clientliegfions can include browser
plug-ins for the desktop, applications on hand-he&lices, or enterprise GIS
applications.

The Express Server system can also be used in natian with ESRI's ArcGIS
Server and ArcGIS Image Server products to speddiage delivery. You can also
publish Express Server catalogs as layers in Arc&&Bser and ArcGIS Image
Server, or you can connect an ArcMap client diyetdl Express Server host so you
can work with datasets hundreds of gigabytes i 8ght on your desktop.



GeoViewer and ExpressView
LizardTech offers two freely downloadable viewess ¥MrSID imagery.

GeoViewer is a standalone application for viewirgster imagery, vector
overlays and LIDAR data. With GeoViewer you can bome, view and export visual
layers from varied sources, such as local repasgpExpress Server catalogs, and
WMS servers.

The ExpressView Browser Plug-in enables you to viéwsID imagery in
Internet Explorer or Firefox. Like GeoViewer, Exps¥iew enables you to save a
portion of an image in a number of other image fsn

LizardTech MrSID Decode SDK

LizardTech offers an SDK to enable MrSID file forsupport in third-party
applications. The SDK exposes C and C++ APIs timabkes developers to open
raster and LIDAR MrSID files, read the geospatiatadata, and extract scenes of
arbitrary size and scale. The SDK is taken froms&®e code base LizardTech uses
to build its own applications.

Our SDK may be downloaded and integrated into yapplication for free.
Versions of the SDK are available for Windows, bin&olaris, and Macintosh.

Third Party Integration

Through our SDK program, hundreds of geospatialliegpns support the
MrSID file format. ESRI's ArcMap, ERDAS’ Imaginend Google Earth all support
importing MrSID imagery as fully georeferenced easayers.

VII.  Conclusion

LizardTech’s MrSID technology is designed to be thest effective storage
solution for geospatial imagery and elevation datahe market. We recognize that
the quality of your data can be just as importanthe cost of storing and accessing
it, and we’ve developed the features of MrSID witht in mind:

— Data quality from lossless to visually losslestossy

— Compression ratios from 2:1 to 20:1 and beyond

— Multiple resolutions to obviate manually constmgtand managing image
pyramids

— Selective decompression for fast access to smatlescin big files

— Support for up to 255 spectral bands

— Support for irregular, 3D data sets like elevatiata and point clouds

All these features are available in LizardTech’snosuite of products and,
through our partners, the MG2 and MG3 format ispsufed in all the other major
GIS applications on the market today. Third-pap@ion for the MG4 raster and
LiDAR has already begun.



Every year, more airborne and satellite sensorsdalecting more and more data,
with new spectral bands and higher bit depths.g0fiware was developed to compress
two-dimensional image data, and is now supportingetdimensional elevation data. As
we look to the future, we are starting to see sonstomer needs for compressing even
more types of data such as sonar, SAR, and datagbtexplicit time dimensions.
LizardTech and our MrSID technology will continwettack the needs of our industry to
make it easier to store, manage, and distributspgdial data.
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GEO-SERVICES OF OPERATIONAL MONITORING FOR EARLY WARNING
AND DISASTER MANAGEMENT

S. Zaichenko, M. Potanin, G. Potapov
ScanEx RDC, Russian Federation

Systems of monitoring based on space data are mywaddely introduced into
the operations of the Departments of Civil Defeasd Emergencies. The variety of
applied technology and data enable to conduct mong of different natural events
and phenomena, which can sometimes be hazardousniyofor human economic
activities, but for live safety as well. Early detien of natural fires, of water
pollutions with oil products or monitoring of riveeasonal and flash floods — those
are only a small part of tasks that ScanEx RDC avis to resolve applying modern
web-technologies.

The monitoring system — is the information servidew this information will
be applied in practice and whether it will be usefumanagement and decision-
making, depends on different factors, both techgiold and organizational. One of
the approaches towards actual introduction of aitmiaing system is the organization
of the control system based on operational saetlidta. We can say that the
possibility of building a control system based oanmoring data is the indicator of
the successful (efficient) monitoring service imgel.

A monitoring service is something bigger than skt of components, such as:
data, data processing results, software for spstsiehnd data display interface. A
service is first of all is a system of bringing timtormation to end-users, as a rule
requiring interpretation (decoding) and supporbfrte specialists.

Main advantages of the web-service user:

— Access to information in a user-friendly (interaedi form;

Use of a web-browser instead of a special soft@ppication;

Multi-user access to monitoring data;

Possibility to connect (using links, frames, ARL.ewith other user’s web-
resources (sites, portals, web-applications, etc.)

Different popular Web-GIS technologies are usedréate geo-services: Google
Maps API, OpenLayers, Mapserver, Geoserver, eghduld be noted that different
Web-GIS solutions have been rapidly developedyaeld introduced into practice.
ScanEx RDC, using its Kosmosnimki.ru project asc&-bff point, started to develop
a proprietary Web-GIS GEoMixer engine since 200iftp(//geomixer.rit Our
experience in creation and support of geo-servafesperational monitoring was
illustrated in the presentation with working exae®pl

— Operational satellite-based monitoring of maritimé pollutions (demo-
version:http://ocean.kosmosnimki.yu
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— Monitoring of floods (in behalf of the Russian EMERM and on the
websitehttp://flooding.kosmosnimki.
— Monitoring of fires [ttp://fires.kosmosnimki.nu
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GIS FOR ECOLOGICAL-RECREATIONAL SAFETY OF POPULATION

Irina N. Rotanova, Olga P. Nikolaeva
IWEP SB RAS, Russian Federation

Abstract

The assessment of a natural-resource potentiéleofetritory and the provision
of ecological-recreational safety gain the impocgadue to the rapid development of
recreation and tourism industry in the Altai Krdiargeted GISs are meant for
providing the information support and spatial daieocessing based on the
development of the unified information-cartograpémvironment for the ecological-
recreational domain. The experience gained in theeldpment of ecological-
recreational GIS for Altai Krai has been presented.

Both recreation as health improvement and relaxaaiod recreational activities
as economical ones are closely connected with @atnd nature management. The
complex of notions about the ecosystems and themponents, processes of
functioning, properties, importance, consequendéeshanges due to the recreational
influence are necessary for grounding the recnealtiactivities. On the other hand, it is
essential to be aware of ecological factors froengbint of view of their influence on
humans, i.e. ecological dangers and possibilittedeniving benefits for health. The
development of recreational activities as businebg;h is directly connected with the
location and construction of recreational facifitiecultural and health improving
centers, infrastructure projects as well as with itifluence of holidaymakers on the
environment, stipulates the necessity to regulage recreational impact on natural
complexes, the decrease of the incipient risks,logamal-recreational safety
maintenance. The most picturesque and appealingtes, and sites which are more
suitable for recreation, which are often charaeéerias valuable and unique, are likely
to be exposed to the impact of recreational amtsit

It is generally understood that the recreationdkpial is a combination of
natural, cultural and historical, and socioecon@infactors necessary for organizing
recreational activities on a certain territory. Tiherdisciplinary study of recreational
problems based on including a great amount of uartata leads to the necessity of
creating the informational systems in this sphéreumnan activity, and first of all, to
the development of targeted geoinformation systEahSs).

Preserving of natural environment as a recreatioesburce includes nature
conservation and this is achieved mainly by medmsregular control of the territory
condition and due to the well-coordinated actiomisthe parties concerned. The
development of the recreational industry presuppdbe use of the managerial
approach, i.e. setting long-term objectives; assgsthe range of recreational
potential, forms and types of recreational acegtivarious patterns of assessing
health improving environmental resources as wellhashealth improvement of the



population along with the planning of the numbeihofidaymakers and tourists for

any time horizon (both current and long-term). Tdimve mentioned planning is

based on the study of the demand for recreatioealice, the analysis of the

influence of tourists on ecosystems, the developmenature-conservative measures
based on ecological-recreational monitoring, etc.

The creation of GISs for providing information asgatial data processing,
based on the development of the unified informa#ind cartographic environment in
the ecological-recreational domain, is getting margortant due to the rapid
development of the recreational and tourism ingustrthe Altai Krai. First of all,
those systems are aimed at providing ecologicakational safety, including the
safety due to the assessment of the ecologicalemadirce potential of the territory.

The above mentioned assessment of the naturalroesois made according to
the following factors: the ecological condition, veonmental value, functional
suitability, level of comfort, aesthetic propertiggerequisites of dangerous natural
processes and phenomena.

The recreational activities are always carried wouthin range of natural
complexes. This predetermines the use of the lapdsanalysis and the map of the
landscape with an appropriate characteristic of tiaural complexes for the
ecological-recreational assessment of the terrifidng map of the landscape serves as
a pattern representing the geographically conditiostructure of the territory with the
spatial distinctions and various recreational valuéne differentiation of the assessed
natural systems and the detail of the assessmpahden the purpose of the research.
Alongside with the recreational nature managemtat,geosystems of the regional
and medium-sized layout levels are also thorouginiglyzed. The maps of the
landscape thoroughly reflect the regularities dr@dpecific character of the regional
nature conditions, and consequently allow takintgp inonsideration a variety of
recreational potentials in the ecological-recreai@ssessment of natural systems. For
instance, in the Altai Krai for the territorial astte units the natural complexes of
various terrains are taken. A computer based versiahe regional landscape map
charted by IWEP SB RAS on a scale of 1: 500000 (V8B RAS cartographic fund)
serves as a cartographical base for ecologicatational assessment. The database of
landscape maps is represented by two types: gi@@nd thematic attributive.

The assessment of ecological condition of natuhpiexes includes the
estimation of the degree of their anthropogenicsfarmation and the level of natural
value. Electronic maps of the supply of land (orscale of 1. 500000) and the
Specially Protected Natural Areas are used as oaatographical materials.

The estimation of the degree of anthropogenic faamation of the Altai Krai
natural complexes is based on figures which allomange various land types
according to the degree of the anthropogenic loathe basis of the land use types
differentiation; to calculate in conventional unitee index of anthropogenic



transformation of natural systems and to rangentdtaral complexes in accordance
with the computed index. Consequently the map efassessment of the Altai Krai
natural complexes anthropogenic transformationehastered. According to the map
the natural complexes characterized by extremely dnd low anthropogenic
changes comprise only 0,2% and 14,8% of the teyritorrespondingly. This terrain
group is represented by the territories which amniy not cultivated and are
considered to be nature reserves or territoriea biited use (such as protection
forests, water protection zones, etc.). More tHzib 8f the Altai Krai is considerably
changed: more than 40% of the territory is equafyresented by areas with medium
and high anthropogenic load. The territories oé&bvrexploitation and the areas used
as meadowlands belong to the areas with a mediuhrogogenic load. A high
anthropogenic load, and consequently the greatgsta@ogenic changes, is typical
of ploughed lands and human settlements. The grdsgrsituation contributes to the
ecological imbalance as well as to the reductiomhefrecreational potential of the
territory. Therefore it is of paramount importanie detect the territories which
functions might solve simultaneously the problemha environmental improvement
and to provide socioeconomic development of theoregncluding the sphere of
recreational activities.

The main indicator of the territorial ecologicatreational well-being is the
assessment of the ecological value of natural systehich is expressed by the index
of the same name. The index correlates with tha arel the categories of the
Specially Protected Natural Areas (Protected Ardasated within the natural
complex. For its calculation the following formusaused:

Ip=>R*Si)/S,

where:

— Ip is the index of ecological value;

— R is the coefficient dependent on the categorigb@Protected Areas;

— Siis the area of a certain category of the Preteé&treas located within the
natural complex;

— Sis the total area of the natural complex.

The assessment of the ecological value of natwystess creates favorable
conditions for the development of the territoriatokgical-recreational base,
detecting the ecological risk areas, long-termeattonal development, working out
of nature-conservative measures.

The calculation of the ecological value index @ fitai Krai natural complexes
was performed with the help of the standard ins&mts ArcGIS 9.x. ESRI, Inc.
According to the index value all the natural compke were arranged into four
groups: the areas of a low, medium, high and exhgimgh value. According to the
results of this classification the ecological valomp of the Altai Krai natural
complexes was chartered. The spatial analysisatebahat the most part of the Altai
Krai is occupied by the territories of a low valich are also characterized by a
low index value. This is mainly connected with thet that there is a sufficient lack



of the Specially Protected Natural Areas: somehefrt either occupy only a small
territory or are not represented at all.

For the assessment of the ecological-recreatioraburces the index of
ecological capacity is used. Ecological capacitythe ability of the natural
environment to withstand the load which is crealbsd holidaymakers without
significant transformation of natural complexesciational capacity determines the
norm of the territory use for recreational purposesl sets the period of time
necessary for the restoration of the initial ndtpraperties.

To assess the recreational capacity the datababed@s ranged indicators
characterizing the main components of the natuomhpiexes and reflecting the
limiting factors for their use. Therefore, for assag the recreational capacity of the
Altai Krai the database includes the following radgcriteria indicating the
recreational suitability of the components (seetdiée).

Table. Criteria for assessing the recreational dapaf natural complexes

Degree of recreational capacity

Estimated figur . . .
stimated figures the least slightly suitable suitable the most

suitable suitable
True relief altitude (m) > 1500 1000-1500 500-1000 0-500
Horizontal dll\</r|§;on (km/square 52,5 2512 1,2-0.8 <0.8
Vertical division (km/square km) > 600 600 - 800 300 - 600 < 300
Surface inclination (degrees) > 12 6-12 3-6 0-3
moderately

Degree of climate comfort moderately slightly

uncomfor-table comfort-table,

(points) ' uncomfortable| comfortable
comfortable
Stable snow cover time (days <140 140-150 150-160 >160
Stream frequency (km/square km) < 0,1 > 0,31 0,21-0,3 0,1-0,2
Percentage of lakes (%) 0-10; > 90 11-20 21-30 3B1-9
Saline composition (mg/l) <400 400-600 600—2000 oe@
Population density (%) < 15; > 85 16-30 61-85 31-60
Diversity of useful_ plants(number <2 3.4 5 6 57
of species)
Diversity of game gnlmals(number <4 5.8 9-12 > 13
of species)
Diversity of fls_h(number of <3 4-6 7_9 59
species)
Number of Protected Areas <1 2 3 >4
Number of cultural and historical <1 5 3 >4
places

For the assessment of the recreational load cgpihatnatural complexes are
evaluated according to the stability to a certggpetof influence. The assessment
components are as following: surface inclinatioydrothermal coefficient, texture of
soil, predominating vegetation, percentage of fommsd the types of trees that
constitute forests.



The results of ecological-recreational researchnaeessary for planning and
organizing recreational nature management as \gelbadeveloping the system of
nature-conservative measures. The imbalance betweerecological-recreational
potential and load entails the recreational digossef the territory, the development
of unfavorable natural processes and phenomena,tlendcological-recreational
risks.

The development of the tourism industry stipuldtesnecessity of recreational
load regulation. This is conditioned not only bg tombination of favorable natural,
sanitary-and-epidemiologic, medico geographicabjaical but also socioeconomic
aspects within a given territory. The processesneoted with the utilization of
electrical energy, water and other natural res@jroecycling, the development of
building and transport infrastructure should alsowmrked out. GIS allows to solve
problems connected not only with the creation & #tological-geographical base
and data processing in the problem domain of eamdbgecreational safety but also
to provide information in the sphere of managemehtrecreational regional
development.

© I.N. Rotanova, O.P. Nikolaeva, 2011



THE USE OF DIGITAL IMAGES FOR DATA ACQUISITION IN REALISTIC
FOREST FIRES MODELLING

L.K. Trubina, O.A. Belenko, D.V. Panov, Russian Fedration

Abstract

Digital images have been used tmonducting pre-fire registrations and post-
fire registrations of vegetation cover conditionsdadetermination of dispersal
characteristics of aerosol emissions. The restdtgiaen.

Forest fires are a powerful natural and anthropmgector which considerably
affects forests state and functioning. The reseafcforest fires character is paid
great attention to. Analysis of natural forestdieaused by the unknown sources and
spreading spontaneously over the territory failsréweal a number of factors
determining the fire behaviour and the extent sfaffect on the ecosystem. Local
features of the woodlands resulting from the retiftinderlying surface, the forest
combustible materials, etc should be taken intmact The data on the specified
ecosystem fire conditions may be obtained by tkaltg of the experimental burning.
Realistic fire modeling was carried out in the feamork of ISTC Project 3695 “Gas
and Aerosol Emissions from Forest Fires in Rusdmpacts on Chemical,
Radiochemical and Optical Qualities of Atmospher€arbon Cycling,
Radioecological Consequences, and Biocenosis Sabihiy”.

The objective of this project is to obtain the ditative data on rates, chemical
and radiochemical compositions, and disperse ctarstics of gas-and-aerosol
emission of biomass burning products into the aphese, and biological and radio-
ecological post-fire consequences caused by largle-forest and forest-steppe fires
in Russia.

Ecological effect of forest and forest-steppe fi@s forest ecosystems is
gualified and quantified during annual field stied@n the territories subjected to the
above in situ” simulatedfires, as well as spontaneous forest and foreppstéres,
including regular (for several years period) past-monitoring of forest ecosystems
and regular satellite data given on wildfires, abstability and reconstruction
ecosystem after fire in wood of the Asian part a68ta.

The researchers of the Institute of Cytology andché&hes SB RAS, Siberian
State Academy of Geodesy (SSGA, Novosibirsk) aedtN. Sukachenstitute of
Forest SB RAS (Krasnoyarsk) have performed seriésnature-model fire
experiments over the test fire areas of Krasnoyaagion.

In the general complex of the works which are edrout at "fire" experiments
at its different stages digital photography weredud-or registration of a vegetative
cover condition photographing was carried out befand after “a controllable



burning out” site. For post-fire monitoring photaghy was carried out the next years
after a burning out. For definition of disperse releteristics of the smoke aerosols
collected on plates inertial impactors, the imagkaerosol tests derived by digital

microscope were used.

It is evident that use of the results of terreksiareo photogrammetric survey in
different scales increases the efficiency of fofiess nature studies.

It is offered to use panoramic photography for pheposes of general photo
mosaics supplementing a geo-botanical descriptibrexperimental forest sites,
stereo-photogrammetric survey for detailed studg analysis of vegetative and
ground covers, as well as use in 3D model formation

General panoramic photo mosaics can capture thrprand post-fire state of a
forest plot to make general follow-up observatiohise requirements for maximum
visibility and details creating these mosaics makesmplicated for because of the
often presence of dense forest vegetation. A speaigpose technique for digital
panoramic photography in these conditions is offere this paper. The basic
principle is to use digital panoramic photographgni sample points to take two
views of the forest plot from each sample poinhcBithese points can be registered
by the use of pins to mark them, the same viewbearetaken at different times after
a fire. It is recommended that a series of oveilappmages (e.g., 5 to 8) should be
taken as the camera is sequentially moved alongdheon. To assure steadiness, the
camera is set up and leveled horizontally on aotrigentered above the fixed
registration pin. Panoramic photo mosaics can leated by Photoshop software
(photo merge-based utility), where separate phatescomposited into an integrated
panoramic image. This is carried out by choosingniital objects or targets in
consecutive photos to use in overlapping the adjagmages. Photographic
parameters taken in advance minimize the mututdrtiens of adjacent images. The
example is shown in Fig. 1.

Today interactive 3D photo panoramas have a laagge of possibilities. The
feature of such photos panoramas is their visuaizaon the monitor in a 3D-
interactive mode. For getting volume effect thetplgoaphy should be carried out by
a camera set on a tripod with a consecutive tur8&0f: at three positions of an
optical axis — horizontal, at an angle 45° upwaadsl 45° downwards. Exposure
processing consists in their combination by idemtigoints and formation of the
common image that is carried out in specializedy@m. Such photo panoramas
provide the best overview and bigger volume of aisnoformation than usual "flat".
Besides, such magnification of chosen zones idyessalized providing full and
detailed representation of wood vegetation conditivirtually interactive photo
panoramas increase the visual interpretation gqualivvegetative cover changes. The
example is shown in Fig. 2.



Figure 3. Panoramic views of experimental site shgwthe site in 2003 prior to
burning, and two (2005), three (2006) and six yéses (2009)

Figure 2. Rotary panoramic views

Wildfires have a high impact on the understory vagen and soill
characteristics. To study the vegetation and grarowkr changes, it is necessary to



carry out close-rangstereo photography from sample points using a \tigw”
camera positionk-or this purpose the camera has to be installedti@od by mean
of an especially customade bracket. It allows the camera to be moved vihe
first imageis taken using a computed set value and tcstereo imagepairs of the
viewing area. In this case the angular elemenstereopair orientatiorare close to
zero that considerably simplifies the her photogrammetric processi

Stereo-pairs can besed for 3D models restoration showing the redk std
vegetation on the site before making 1(Fig. 3). These stereo images are use
analyzing the vegetation dynamics. Such easy ahtaithis image documentatic
allows their including into a corron database for the fire experiments. To visu
3D models, it is recommended to use of anaglypltethod when two superimpos
Images complementary color(red and dark blue) are observed by means of ¢-
optical filters having the same colorati

Figure 3. An aerial stereo pair showing the grofusd

Synchronous stereophotography was applieregistrationof the movement ¢
fire front during controllable burnings. In thisseatwo cameras were placed
supports on the brink of a site so that all sitétgoan overlapping zone. Came
work synchronization was provided by a control paRer the purpos¢ of scaling of
the model formed on stergmairs the network of reference points is markeanayal
cores on a site. With the same purpose it is plestibuse points marked on stems
trees if those get to a site. Photography is mauenvihe frequencyf photography is
set depending on wind velocity and rate of surfaoeer burning out. It i
recommended to carry out the shooting in a manwalenthat provides the minim
interval of photography Ralf of a second. The technique of coordinate dedim of
the fire front is based on joint processing of #terew-pairs received during tf
different moments in software product PhotoModeddrich allows making 3-
model construction by any quantity of pictures. Téehnique of registration of tt
fire front propagation was approved on a site in the sizd06xmeters
Stereophotography was carried out by cameras Paf2&0 with the indicate
interval. During the experiment 30 ste-pairs has been done. The imag
illustrating the fire front moving duringndertaking “fireman of the experience” :
shown in Fig 4. The processing of all ste-pairs has allowed getting fire behav



characteristics for the fixed moments of time batbng a site and in a vertical
direction (Fig 5). Thus, it is shown that the giwechnique allows defining the fire-
propagation rate on a site both in horizontal agxdical directions.
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Figure 5. The processing of stereo images

Information on disperse characteristafsaerosol emissions selected during fire
experiment on model plots is obtained in laboratwwpditions. Particles of smoke
aerosols were sampled from the plate inertial ingrac

Their images were received by a digital microscép@scop 2 plus. Lenses
were used for micro photography with increasingdd 20.

The process of digital images processing includedsurements of areas and
perimeters of displayed particles with Mapinfo saite.

The further processing included the determinatibrequivalent diameters for
each particle and the estimation of their distitiut The results are analyzed to
perform variance estimate of aerosol particles.(6)jg



17 July 2008 Spreading surface: Lichen, needles. Burning pjuts #1;
6x10 m, Impactor #1. N (number of particles in mage) = 155
Images of aerosol samples The results of sample analyzing
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Figure 6. Data of aerosol samples selected duh@g@xpedition in Krasnoyarsk
Region, July, 2008

The procedures developed have been tested on ticalisodelled fire
experiments. A multimedia database was creat@aclltded the analysis results of 13
sites located in different silva zones of KrasneiaRegion obtained during four
years. General photo mosaics for each site, siarages of vegetative and ground
covers, and digital elevation models were createtlthe characteristics of separate
biocenosis components were determined.

The experience obtained has shown that digitabsénal photography is an
informative means for investigation of local forgdots. When modelling wildfire
impacts, digital images are of great value as datassess ground cover change
caused by fire. Initial images can serve as a soirde used for updating long-term
monitoring of a particular forest plot.

The work has been supported by the Internationa&n8e and Technology
Center (Project 3695).

© L.K. Trubina, O.A. Belenko, D.V. Panov, 2011



COMPLEX GEO-MONITORING SYSTEM FOR EARLY WARNING ON
NATURAL AND NATURAL-TECHNOLOGIC HAZARDS’ ACTIVATION
WITHIN THE TERRITORY OF TOMSK

V.M. Lazarev
Tomsk State University of Architecture and Building (TSUAB), Russian
Federation

Abstract

The present material inquire into matters of preseterest about solving an
important scientific and technical problem of depghent and integrated use of geo-
ecological geodetic and deformation monitoring rodth within the territory of
Tomsk with the use of the latest achievements adggc science and technology for
early warning on natural and natural-technologizands’ activation.

Urbanization explosion pose a number of global @wchl geo-ecological
problem caused by wide spreading and activationatdiral and natural-technologic
hazards. Catastrophic processes lead to the détayldings and structures and pose
a real threat to people’s life. Therefore, one @fjon problems of the modern geo-
ecology is survey of the geological environmentates and resistance in the urban
lands, whereof study of natural and natural-teabgpiol soil slips takes solely actual
meaning. Under the circumstances for providing g@ealogical safety of life-
sustaining activity of public and economic entitiésr the purpose of engaging in
town-planning, nature protection and other typesaddivity, in areas of natural and
natural-technologic hazards’ development forgespiteyention of these hazards, in
other words, early warning instead of rectificatajrtheir consequences.

Substantial improvement of urban lands’ ecologgtalte possible only, when
complex solutions are being developed and impleeteras a whole, it needs
geological soil slips monitoring system’s developth@ot only at the municipal
level, but also at the level of subject of the RarssFederation. In this context
problem of system of geodetic support of geo-edoldgmonitoring development
become more important for organization of contiraibme-space control of natural-
technological systems (NTS) and monitoring itselfstmbe made more complex, it
requires not only theoretical justification of @fént methods and technologies’
combination inside of complex geo-monitoring, blgoa implementation of these
methods and technologies. Use of results of NT8arebes executed in urbanized
lands through geodetic methodologies in practiéewal implementing of complex
program of NTS geo-ecological monitoring for eaxlgrning on dangerous processes
activation. That solution is very important forieg geo-ecological safety, Tomsk city,
for example, as its territory has 33 soil slip zoms City Coordinating Council in
Ecology declared. The most dangerous areas are@wip district (soil slip flank)
and Lagerny garden area on the Tom riverbank.sHpibrocesses in the named areas
damage city infrastructure as a result of buildiagd constructions deformation and



destruction. The situation required adoption of ‘ol slip areas located in cities and
villages of Tomsk Region” law applicable for TonfRkgion.

Therefore, for getting consistent results and mobkolutions of NTS’s state
and resistance estimation in complex, it is insidht use only classical geodetic
methodologies traditionally applied to soil slipsebvation, but, as it was given
above, it is necessary to elaborate integral systéngeodetic support of geo-
ecological monitoring, which unify different measarent and modeling techniques.
This situation requires development of theoretieald technological basis for
merging of various geodetic, satellite, geophysmabring and assessing methods
with statistical modeling methods within geo-ecodad) monitoring complex
program, which monitor sliding caused by technaagNTS impact in the soil slip
zones in time and space. This merge of differentous increase geo-monitoring
efficiency and reliability of many times as resulevealed with one method used
could be proven with results of other methods.

Engineering constructions’ deformation process higraent in time and space
allows using multiple nonlinear approximation methor exposure of deformation
and analysis of its homogeneity under conditionntimimize standard deviation
between calculated deformation value and directgasnred deformation value.
Marking out constant and accidental componentsedical deformations for a whole
construction, it is possible to research shiftifgtlos construction as an organic
whole and to identify marks with differential settients, especially, that, which are
the most dangerous for the continuity of constargtias operational integrity of
examined engineering constructions generally dependt only on absolute
settlement value, but also on settlement irregiylan other words, on constructions’
deformation. Therefore for organization of engimggrconstructions’ standard
exploitation is necessary to monitor settlementd daformations of construction
foundation permanently, especially, it is importanthe time of soil slip activation
processes. Geodetic methodologies allow trackirtgraltechnogene processes in
the “Engineering construction — geological enviremti system. The results of
geodetic measurements allows to identify surfacapshof any construction, to
analyze surface shape modification on basis of ggodbservations of engineering
constructions’ settlements and deformations, diesd results allows to predict the
place of possible cracking and thereby to preverdrgency situations occurrence.

For providing geo-ecological safety of life-sustagactivity of Tomsk’ public
the author devised the methodology, which consitsomprehensive approach to
organization of the monitoring of soil slip processand combines instrumental
observations with usage of latest satellite-as$igeezhnologies. Satellite-assisted
technologies allows to build a computer model afd@n geodetic observations
errors’ impact on modeling results for marking aatl deformation value from
measurement results and making management decikionas researched that
thermal deformation impact on deformable constamctiurtain walls’ crack opening
in the time of soil slip process activation, itabows to predict crack development,



which depends not only on construction settlemént, also on environmental
temperature variations.

Accuracy analysis of satellite-based measuremestsated that its accuracy
generally depends on atmospheric errors. At theesame more accurate calculations
of atmosphere impact on geodetic measurements @&xtbtent in present time
spherically-symmetric atmosphere models are imptesso achieve, it caused a
necessity of justification and development of newdel of atmospheric triaxial
ellipsoid. Accounting of the atmosphere aspheriaitypractice allows improving
accuracy of satellite-based measurements.

Methodological background of geo-ecological proldgnvhich are conditioned
by soil slip processes development) solution reewm the present material involve
analysis of standards for evaluation NTS’ statsjstance of which is defined by
dangerous NTS’ state level and protection levetl anrvey of natural-technogene
factors of dangerous processes development oniadualands, including also laws
of dangerous soil slip processes’ development withe territory of Tomsk, which
were influenced not only by natural factors, bsbaby technogene.

The results of researches allowed developing apieimenting complex system
of geodetic support of geo-ecological monitoringha municipal level in Tomsk city.
This system is merging different observation methatid resources of not only
classic geodesy, but also satellite-based, magmticnand static modeling methods
for NTS’ state and resistance evaluation on thétaey of town. Realization of main
research results put into practice according teaeh program of the Tomsk City
Engineering protection Coordinating Council witlgamnization of soil slip process
geo-monitoring. The results of research allowedegaimg recommendations on
correction of general structure plan taking intocamt natural and natural-
technologic hazards’ development.
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MONITORING THE DEFLECTION OF BRIDGES BY GNSS

Gethin Wyn ROBERTS, China, Christopher John BROWN, Oluropo
OGUNDIPE, UK

Key words: Deformation measurement; Engineering survey

SUMMARY

Research into the use of GNSS to monitor the didles of bridges has been
ongoing at the Universities of Nottingham and Bituioe well over 12 years. The
work initially focussed on large bridges such as Humber and Forth suspension
bridges, but then also included the London MillemmiBridge as well as a 174m long
motorway viaduct.

The following paper brings the reader up to datih wie work conducted more
recently, including the monitoring of a cable sthy®idge in Korea, as well as two
further large bridges in the UK.

1. INTRODUCTION

The following paper details the ongoing researclklefiection monitoring and
deformation monitoring of structures, notably bedgThe use of kinematic GPS is
being used for this and the work has been ongoorgabout a decade at the
University of Nottingham in collaboration with BrehUniversity [Ashkenazi et al,
1996], [Ashkenazi et al, 1997], [Brown et al, 1998]is possible to measure 3D
deformations of discrete points upon the bridgeasds of up to 100Hz using GPS
alone. It is also possible to measure sub-center@®cisions over the short baselines
used for this work. Typically the baseline lengthhem the reference to rover
receivers are approximately 1km or so.

Initial trials were carried out on the Humber Bredgnd since then a number of
trials have been carried out on other bridges dinlyithe Wilford Suspension Bridge
in Nottingham, the Millennium Bridge in London antbre recently the Forth Road
Bridge in Scotland. During the trials, survey gratbial frequency GPS receivers are
used, however, more recently research has alsoda#gad out investigating the use
of single frequency survey grade receivers (code carrier) [Roberts et al, 2004],
[Cosser et al, 2003]. Further to this, trials haeen carried out investigating the use
of cheap hand held GPS receivers as it is now Iplesg» output the carrier phase
from these receivers [Cosser et al, 2004].

The work itself investigates the use of kinematleSGas well as comparing this
to the modelling of such structures. The overah & to be able to use a fixed
number of GPS receivers located upon the bridgeeatietermined discrete locations
and comparing the movements at these points wigh REM. Once agreement
between the real data and the FEM established, ithenthen possible to use the
FEM to model how the remainder of the bridge mdsesed upon this real data.

More recently, surveys were carried out by the engtton the M5 motorway
viaduct over the River Avon near Bristol. Theseulissshow that it is possible to



detect the magnitude and frequencies of the moveEmansuch a rigid structure
using GNSS techniques.

In November 2009, data was gathered from 4 GPSvexselocated on a cable
stayed bridge near Pusan in Korea.

Future research will also include the monitoringtled M48 motorway, Severn
Suspension Bridge.

2. CASE STUDY 1; THE WILFORD SUSPENSION BRIDGE

The Wilford Suspension Bridge is located approxaghatdkm from the
University of Nottingham’s Campus and is held bytsets of suspension cables
restrained by two massive masonry anchorages. fidgebhas a span of 68m in
length and 3.65m in width. It consists of a stemtkdcovered by a floor of wooden
slats. Underneath the deck there are three gasramdvater pipe laid underneath the
deck transferring the utilities across the Riveenlr It is possible to obtain several
centimetres of movement under normal loading arsdiths been used by the IESSG
since 2000. There are no long suspension bridgemse proximity to Nottingham,
therefore this bridge is ideal for carrying out lpngnary trials before trying the
techniques out on longer bridges. Various trialéehldeen carried out on the bridge.
Details about these trial and the results can bedon [Cosseet al, 2003].
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Figure 1. lllustrates that the fundamental freqyesfahe deflection is 2.117 Hz. This
compares very favourably with the accelerometarltesf 2.116Hz
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Figure 2. Fundamental Frequency extracted frontR8 time series for the Wilford
Bridge

3. CASE STUDY 2; THE LONDON MILLENNIUM BRIDGE

The Millennium Bridge was designed by architect ISarman Foster, Sculptor
Anthony Caro and Engineers Arup. The bridge wasegen the 10 June 2000, and
closed on the 12 June 2000 following violent andptedicted movements of the
structure during a sponsored walk being carried augr it. The movement was
rectified by placing dampers underneath the bridhee bridge was closed for
refurbishment and reopened on the 27 February 20682. bridge has an overall
length of 330m, width of 4m and lies at a heigh10f8 m above the River Thames at
high tide. The bridge’s piers are made of concaete steel and the cables are 120mm
lock coiled, with an aluminium decking. The constron cost for the bridge was
approximately £18m and the modification costs vagmeroximately £5m.

During its closure and before the refurbishmeng, thiversity of Nottingham
and Brunel University were allowed to place GPSnesrs upon the bridge to gather
data to analyse the movement characteristics. Dubet fact that the University of
Nottingham only had four Leica SR530 dual frequeB&S receivers at the time, the
reference station and the GPS receiver at the @andggre constantly in place. The
other two GPS receivers were shared between fowar goints on the bridge. These
trials were carried out towards the end of Novena@€0.

Having processed the data an AF was used to natifyat multipath, the results
in Fig. 3 were found showing the lateral dynamictha midspan. The prediction for
the natural frequencies at this point were founbdd.5 and 0.95 Hz and the actual
frequencies obtained by the GPS were 0.55Hz ariiHz.9



Fig. 4 illustrates the lateral dynamics at the Sdspan. Again the prediction
the fundamental natural frequency is 0.77 Hz aedatttual from GPS is 0.75t
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Figure 3 (left). Lateral Dynamics at mid span fm Millennium Bridge
Figure 4 (right). Lateral Dynamics at South SpathefMillennium Bridg

4. CASE STUDY 3; THE HUMBER BRIDGE

A whole series of trials have been carried out lom HHumber Bridge. Fig.
illustrates the Humber Bridge with a midspan lengft 1.4km, and an overall leng
of 2.22 km.

Extensive trials were carried out in March 2004.eveiy 13 GPS receive
were used. Two receivers were located upon the HurBbidge Control building
which is approximately at the same altitude asotige dick, one GPS receiver w
placed at the estuary which is lower than the leridgd one receiver was placec
the top of the northern towers, which is approxghatl55.5 m higher than tt
estuary.

Figure 5. The Humber Bridge showing a GPS recerference station in th
foreground



Fig. 6 illustrates the height deflections of poifitend 7. It is clear from here
that the two receivers located at opposite sideshef same part of the bridge
experience similar movements. However, under closgection it can be seen that
the difference in height between these two poiosdrary, illustrating that there is a
torsional movement.
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Figure 6. Height Deflections on the Humber Bridge.

Fig. 7 illustrates the results from carrying ousgectral analysis on the GPS
results. It can be seen that the results of tle0ak17 Hz. The first vertical vibration
frequency predicted by an FEM created by Brunelbsity is 0.116Hz.
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Figure 7 (left). Frequency analysis of the Humbad@e data.
Figure 8 (right). Height deflections for the HumiBsrdge.

Fig. 8 illustrates the height of a point on thedgg on 3 consecutive days. On
the third day the temperature was warmer, andiitoeaseen that the overall height of
the bridge deck is lower. On all days the heigladgally drops over a period of
hours. This is due to the heating effect causiegsteel cables to expand.



5. CASE STUDY 4; THE FORTH ROAD BRIDGE

The data gathering trials were conducted over alyneantinuous 46 hot
period from 11am on the 8 Fruary 2005 to 9am on the 10 February 2005. Fo
whole period, 7 GPS receivers were located uporbtitge, as illustrated in Figu
9, and two reference GPS receivers were locatati@riewing platform adjacent
the FETA building, Fig. 10. The GFreceivers gathered data at a rate of 10H.
addition, an Aplanix INS was located adjacent tinp& [Hide et al, 2005]. The
layout of the GPS antennas meant that a GPS anteaséocated at each of the €
side mid span, 1/4 span, 3/4 span and 3/n as well as the west side mid span
on top of the two southern towers. A selection eica SR530, SR510 and GX12
surveying GPS receivers were used in conjunctich Wghtweicht and choke ring
GPS antennas.

251.5m 125.8m
' 125.8m 251.5m

REF1

S krer

Figure 9. Schematic of the Forth rcbridge, and GPS receive

Figure 10. Two GPS reference receivers locatedcadfao the Forth road bridq
(left). A GPS choke ring antenna attached to thagler(right)

During the second night, two 40 tonne lorries weired by FETA, accuratel
weighed and used as a control loading of the bridpese trials were carried ou
couple of hours after the high winds experiencdesgled slightly, and during the
specific trials the bridge was closed off to ottraffic. The trials were carriecut in
the early hours of the morning, when the traffiawflover was at a minimum, al



only closed whilst the control lorries passed averbridge ad re-opened whilst they
turned around before subsequent crossings.

Vertical di lorry trial

time (secs)

Figure 11. Height Deflections of the Bridge Durth@ lorry trials

During these trials, the lorries travelled at 20hmpigure 11 illustrates the
overall movements experienced by the bridge inhisight component for the whole
trials. The results show that the bridge defleddup to 400mm due to the
combined 80tonne loading.

Fig. 12 illustrates the final manoeuvre whereby tilve lorries travelled from
North to South whilst located side by side at 20mphe graph also shows the
physical location of the lorries at any time e.gd$pan, North Tower etc.
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Figure 12. Height deflections during the two 40tetorries passing over the Bridge
side by side.

Three main phenomena are evident in Fig. 12. itk deflections are offset
from each other. Secondly, the GPS receivers Idcatesites D and F, midspan,
deflect by different magnitudes, even though theayt ®ff at the same height. This is
due to the torsional movement of the bridge. Thads, travelling on the left hand



side of the carriageway from North to South, werdaict travelling on the East si
of the bridge. Hence the eastern side (site Dedtflmore than the Western side (
F). Thirdly, the reader should note that the bridgasists of three separate sp:
each connected through a cable which passes avéolof the towers. As the lorri
pass over the Northern side span, the load pusiesraller span down, which
turn pulls the hanger cables down and the suspeisiole which they are attach
to. This then results in the suspension cablenmulip on the main span. This
evident in Fig. 12 at around 2,800s. The lorriesspato the main span, and th
passag over the measured positions are shown in FigAd2he lorries pass into ti
southerly side span, upward movement of the maan — described abov+ is
observed.

6. CASE STUDY 5; THE AVONMOUTH CROSSING

The M5 motorway crosses the River Avon using aorway viaduct, Fig. 1
Fig. 15 illustrates the vertical displacementsha& tour GPS receivers located on
structure. Again it is possible to see that GPSndeed able to measure st
movements.

Figure 13 (left). A reference station h the viadat in the backgrour

Figure 14 (right) a second reference station Wwithttvo Severn crossinin the
background
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7. CURRENT WORK

In November 2009, the authors and colleagues frome& gatheredata from 4
GPS receivers located on a cable stayed bridge Piesan. Fig. 16 illustrates t
bridge with one of two reference GPS receiverfhienforeground. The data from ti
research is currently under analysis and will leeftitus of future pape

Figure 16. One of the reference GPS receivers aaffdo the Pusan Brid

Further to this, the authors are currently planrsage new research actvities
the Severn M48 Suspension Bridge crossing. 72 hafusata will be gathered fro
10 GNSS rearers located on the bridge, relative to two refiere stations. Agair
the results from this research will be the focututiire resrearch pape



8. CONCLUSIONS

The use of GNSS for bridge monitoring has been shim\be a valuable tool to
monitor the movements, and the characteristich®fmiovements of bridges. Work
by the authors will have covered 7 different briglgef various sizes as well as
various types.
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NEW DESIGN FOR HYDRO POWER PLANT STRUCTURAL GEODETIC
MONITORING NETWORK

Joél VAN CRANENBROECK Leica Geosystems AG, Switzednd
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SUMMARY

The technical field of structural monitoring has deamajor progress in the
recent years. New developments were driven by thednto keep engineering
infrastructures in service beyond their expectéetiine due to limited funds for
their replacement or because major modificatiorke (the change of turbines for
increasing the power capacity) will have an impddte environment can also
change (seismic events) and hurt the infrastrucespecially if the code of
construction has been under evaluated.

Actually the term “Structural Health Monitoring” imore and more often used
and refers to methods witch access the healthsstatd safety of a structure and
make estimation of its remaining lifetime.

However, structures can only be kept in serviadhefy do not put the safety of
the users at risk. Critical parts of a structureval as global behaviour have to be
monitored in continuous intervals with high preacrsi

The aim of deformation analysis has shifted andatays experts are not even
looking if critical points of a structure have neav(and by the way due to thermal
loads and the modification of water levels everydture such Hydro Power Plant is
moving ) but well is some patterns have signifiganhanged to be alerted and lead
more investigations ...

With highest resolution and highest recording rafte¢oday's instruments the
small deformations caused by the daily temperatbesmges, water levels etc. can be
observed.

The paper will review the performances of new géod&nsors and analysis
methods regarding the context of a solution thatld/@address the today interests of
the experts.

FACING NEW CHALLENGES

Engineering companies and contractors are faciafjeciyes never experienced
before. They are being charged with — and beind hable for — the health of the
structures they create and maintain.



To surmount these challenges, engineers need #bleeto measure structural
movements to millimetre level accuracy. Accuratel aimely information on the
status of a structure is highly valuable to engiseklt enables them to compare the
real-world behaviour of a structure against thegiteand theoretical models.

When empowered by such data, engineers can eff§ctand cost efficiently
measure and maintain the health of vital infrastmec The ability to detect and react
to potential problems before they develop helpghan reduction of insurance costs
and the prevention of catastrophic failures thaty masults in injury, death or
significant financial loss.

A structural monitoring system will help reduce lbdhe current and long
term maintenance cost associated with structuralement and will reduces risks,
as data analysis can be used to aid the understamafi current and future
implications of structural movements. Safety andaural integrity concerns can
be minimized. Potential problems can be detectadl ractified before a critical
situation develops.

FROM AUTOMATIC SURVEYING TO PRECISE CONTINUOUS
MONITORING

Based on surveying sensors like GNSS receivers Aantbmatic Total
Stations, Geodetic Monitoring solutions are intéiggp also wireless
communication tools, acquisition software’s, PCvees, accessories, power
supply, solar panels, weather station, warning aasnsveb interfaces and analysis
to become complex systems.

And if the engineers today are considering ofte:m ghrveying instrumentation
just like “sensors” to be plugged and connecteceven their real time analysis
software’s, they shouldn’t forget that the key farcceeding in their monitoring
projects is first to consider instrumentation ampgiipments that can deliver high
accurate and reliable measurements 24 hours aatay365 days a year through any
communication media under any weather conditiomlsramotely controlled.

Sensors Fusion, Data Fusion

All modern automatic geodetic instruments can balgoed in various systems
where GNSS antennas collocated with 360° refleateracting as “Active Control
Points” for Automatic Total Stations networked.

If multiple total stations are able to make meas@ats to a common set of
prisms, the measurements can be combined in a mativally optimal way known
as network adjustment.

By combining the measurements in a network adjustnieis possible to
increase the precision of the solution and detegraicommon reference frame for all



total stations even in the case that some of stédilons cannot observe stable control
points or are themselves unstable.

It has been proved also that the combination cfrg precise inclinometer with
a GNSS receiver can consist of a stand-alone Imasigtoring station for high rise
building monitoring and that the performances pfecise dual-axis inclinometer can
fairly compete in the frequency domain with an d&weneter.

Recently the benefit of GNSS Network RTK correcsido provide unbiased
positioning information from GPS and GNSS monitgrineceivers has been
demonstrated for several monitoring projects in ¢détong and reported in several
International Conferences such as ION (USA) and Fh@ International World
Congress in Sydney 2010.

But it's not only concerning the Geodetic instrutaion and actually today
there is a growing interest to collocate and cateelthe information’s from the
geotechnical sensors and with the geodetic sensorslevelop an integrated
deformation model. The GNSS receivers have theatigpta time synchronize all the
other sensors by their PPS output.

AUTOMATIC NETWORK ADJUSTMENT AND DEFORMATION
ANALYSIS

Continuous Geodetic Monitoring systems must alse libe capacity to process
in timely manner the huge amount of data gatheneal central computing centre to
deliver in simple ways (graphically and with cleaports) the reliable warnings and
alarms.

It's therefore a must today to consider an autacnégast squares network
adjustment where the single epoch automatic defowmaanalysis is based on a
rigorous statistical approach and can be used dsigding a monitoring project to
match the accuracy requirements.

The combination of measurements from multiple ggo@ditomatic instruments
can be handled by a robust adjustment ensurin@igieest precision and reliability.
The detection of outliers is based on multi-levatistical hypothesis tests as well as
the detection of unstable fixed points. It is esisénfor geodetic monitoring
applications to have a complete system that catingissh movement of the
structure from problems in the reference frame ead identify which reference
points are stable and which are not.

It is also of the prime importance for the engiseemanaging monitoring
projects to have the tool to design the setup @fitistruments in such a way that the
ensemble will fit with the expected accuracy. Lesgtiares Adjustment can simulate
the mathematical geometry to optimize the netwadueacy and reliability.



HYDRO POWER PLANT STRUCTURAL GEODETIC MONITORING

The technical characteristics of facilities and tcactor network design are to
provide generally the accuracy of planned coatgi; of monitoring points after
processing by specialized software with errorstfmean-square deviation — RMSD)
not exceeding the values below:

— Horizontal: £3mm (two times standard deviation).

— \ertical: £5 mm (two times standard deviation).

The solution that the author suggests for achiewsngh requirements is a
combined GNSS and TPS technology data fusion syptenessed by a strict Least
Squares Adjustment model.

Such combination of GNSS and TPS technologies hesady proven its
efficiency in several projects (mining, building nstruction, ground surface
monitoring etc.) but it was in 2005 that for thestf time such system has been
developed successfully for addressing the chalfengccuracy specifications in the
construction of the Burj Khalifa in Dubai (the &gt worldwide building).

The author named the concept “Active GNSS Contmht3” where a Total
Station is using as control points three to fourS&S\antenna’s collocated with 360°
reflector.

In the suggested new design for typical Hydropowams, all the GNSS
Control Points antenna’s would be collocated witl360° reflector that all Total
Stations would be able to measure providing anusn@pmbination of sensors.
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Fig 1.For the Burj Khalifa, the Total Station was evengidered as not referenc

to the gravity vertical and due to building motamd vibration, the compensator |

been switched off. The processing was purely 3D frame. Total deflection of tr
tower was about 4 mm from the des

Part of the new design is based on the fact thatorAatic Total Stations wi
also measure the directions Hz, Vz and the slogtamtes to the 360° reflec
collocated with the §SS antenna’s of the Control Points such as ibtistr here
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Fig 2: proposed new design

GNSS data can be processed in either real timet@s up to 20 Hz) or in pc
processed mode. Real time processing enables matetobe detected very rapic
and on average has a one sigma accuracy of lesatbantimetre for baselines up
3km (Brown et al. 2006). The accuracy of real tiprecessing is related to t
geometry of the satellite constellation (the numlzaimuth and elevation of tl
satellites that are traekl) at the time of measurem:

The GPS satellites travel with a speed of 4 km/¢l ambit the eartl
approximately every 12 hours. Hence, the sataligemetry is constantly changi
and there are times of the day when it is good ethér times when it is poo
especially if the sky view is restricted. In timafspoor satellite geometry it may r
be possible to compute a high accuracy (ambigusd) solution and the reliabilit
of the solution (the probability that the ambigestiae resolved correctly) will b
lower.

If high accuracy and reliability is critical, a bat option is to collect data ove!
defined period (e.g. 10 minutes, 1 hour, and 24rd)oand post process. In p



processing more data can be used to estimate thameters (coordinates,

ambiguities, error models) mitigating short ternolgems due to poor satellite

geometry and resulting in a more reliable and ateusolution. Usually the result of

post processing is a single high accuracy coordjregsentially an average over the
time period. Long data periods (e.g. one hour oren@lso enable additional

parameters to be estimated to account for atmosplfEoposphere) influences,

which are strongly correlated with the station heidurther improving the accuracy.

As an additional step, a median can be computad ffee post processing results
over a longer time period in order to avoid anyeptial problems due to outliers.

Post processing combined with a median calculaisora very stable and
accurate method for computing and updating refer@oordinates using GNSS data.
The downside of this approach is that if a suddemament occurs, it will take some
time for the system to react. The solution is tlhencompute multiple position
estimates: a rapid estimate using real time datasitort post processing interval to
detect sudden movements to provide alarms to tleeaty; and a slower estimate
using a longer post processing interval to corfecthe gradual movements of the
pillars.

The standard mode of precise differential positignis for one reference
receiver to be located at a reference station whosedinates are known, while the
second receiver's coordinates are determinedvel&ti this reference receiver. The
use of carrier phase data in real-time, single Imesenode (one reference station and
one rover or user receiver’s coordinates to berated in a relative sense) — also
known as “single-base” mode — is now common place.

These systems are also referred to as RTK systeea-{ime-kinematic”), and
make feasible the use of GPS/GNSS-RTK for many-tnitecal applications such as
engineering surveying, GPS/GNSS-guided earthwaxkakeations, machine control
and structural monitoring applications.

Over the last decade and a half the use of GPSH{awdGNSS) for structural
monitoring, of dams, bridges, buildings and otheril cstructures, has grown
considerably (see Ogaja et al., 2007, for a reamnéw), and nowadays the GNSS-
RTK technique is widely used around the world. Seghtems output continuous
streams of coordinate results (or time series). tgaamics of the structure
typically defines the nature of the coordinate gsigl For example, if a structure
vibrates or deflects due to wind or surface loadihg time series analysis is
conducted in the frequency domain (see, e.g., lalet2007), otherwise standard
geodetic deformation monitoring techniques basedadmanced network least
squares analysis are used (Ogaja et al., 2007).

The interest of having at least two GNSS Refere®tadions in a monitoring
project is that both GNSS Reference Stations can bé checked each other in a
relative mode to detect eventual movements thaidvba disastrous on the GNSS



Monitoring points. Last but not least a second G¥R&%erence Station is also part of
backing-up the system. This is clearly an “Intgg@obntrol” solution.

Leica Geosystems - GNSS Processing Strategies
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Fig 3. Leica GNSS Spider Positioning is centraligddK processing “multi-baseline”
software

The other significant advantage of having a “cdizied” processing approach is
that for the processing of the various baselines,GNSS Reference Station can be
selected freely and all combination of baselinesleaconsidered.

Even more interesting is that the position betw#®nGNSS Control Points or
monitoring stations can also be processed. Eacélibascan be processed in dual
frequency (L1 and L2) mode but also in the singleqiency mode (L1) and
considering only GPS or GPS and GLONASS.

The resolution of the ambiguities has been alserngdd with a new “Quasi-
Static” initialisation method where the variancetlbe GNSS monitoring station is
considered for speeding up the initialisation thméx.

But Leica GNSS Spider software can also processetmaultiple baselines in
“near real time” mode and in the “post-processingide. The difference between
those modes is only a matter of the session’s gmin

As soon RINEX files are available from the GNS®sit and also from any
other source like from a FTP server (CORS regioeavorks for instance like IGS,
EPN), the post-processing is engaged with somenaedaparameters such as the



choice of a lonosphere model, a troposphere maahelther cut-off angle, another
frequency rate, and the choice between broadcgstoise orbits.

Leica Geosystems - GNSS Processing Strategies
Near Real Time and Post-Processing
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Fig 4. Leica GNSS Spider Positioning is centralipedt-processing “multi-baseline”
software

Different sessions can be processed in paralldl sgca baseline between two

GNSS receivers every 10 minutes, every hour, e@enpurs and a daily solution!
This is simply to take the best possible solutifsom the measurements without any

compromise due to software capacity restrictions.

That led us to refine our proposal the followingsidea where two GNSS
Reference Stations is under consideration.



LEICA GEOSYSTEMS
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Fig 5.GNSS RTk-Pracessing design for UHE HPP ¢

Again, we would like to emphasize the fact thabdlse baselines between f
different GNSS Control Points located on the daomsst can be processed w
different initialisation methods arusing only GPS or GPS and GLONASS anc
considering a L1 + L2 solution or just a L1 sinfilsquency solution as it is also w
known that the single frequency solution at shartge can be more precise the
combination of both frequencies due to higher noise of L2 measureme

All those possibilities are clearly part of tunitige system to achieve an optir
highest accuracy.



LEICA GEOSYSTEMS INNOVATIVE
PROPOSAL
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Leica GNSS SPIDER allows
“Multi-Baselines” processing in
real-time and in post-
processing mode with different
sessions to provide
independent checks.

-
- when it has to be right @

Geosystems

Fig 6: GNSS RTK-Processing design for UHE HPPwite multiple combination of
baseline processing.

GNSS Post-Processing and Total Stations fusion dasi

If GNSS positioning technology allows various maoaolfeprocessing such as
“‘Real Time Kinematic” - requested in the tender csipeations — only the “Post-
Processing or “Near Real Time” mode is able to damblosely and at a compatible
accuracy the measurements GNSS receivers with timaeed by the Total Stations
an integrated rigorous Least-Squares Adjustmeniemod

The final design the author is suggesting is therfollowing:
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x 360° Reflector

Fig 7.Author’s final design prposal considering two GNSS Reference Stat
surrounding the Hydropower Dam’ sites to be integgtavith the Total Statior
measurements by using 360° reflectors collocatdid the GNSS Antenna’s Contt
Points into a glob. Least Squares Adjustment mi

To summarize the author value proposition, them met advantage to consic
more than only one GNSS Reference Station in tloateh

— The computation of single baselines from the GN&&Rnce Station to tt
GNSS Control Points cannot be control(no redundancy) independently and \
depend entirely of the performances of that GNS&rerce Station. Simply sai
there is no “backyp” no double check. Karl Friedrich Gauss favolgsigEntence we
“Eine messung is keine messunithat could be translated B®ne measurement
not a measurement!”

— One can argue that already in our design, the Tittion’s measuremer
can control the performances of the GNSS procegsimgparing the directions H
Vz and the slope distances Ds). But that will miridpenouglcontrasiin the solution
to clearlyindentify possible “outliers” and much more importtéo discriminate if i
IS @ movement induced by the deformation of thacstire or simply by the noi
level of the solution.

— The Total Station measurements will also be aftedig the refractiol
causd by the water surface and the high humidity letrelour proposal we sugge
to install meteo sensor outside the hut protedinegTotal Station to mitigate sor
part of the refraction influence (using the wellolam Barrel and Sears model) |
comparig the distance from the GNSS Receivers and thardistdeduced from ti
solution obtained from the Total Station will alldiwe processing to “sc«up” the
distance biased by the remainin¢-modelled effec of the refractiol



— Therefore the following design will allow experts $tudy and derive the
correct refraction model applicable in such vergalocase and tune the network
processing accordingly the results.

— We cannot pretend that the areas where the Hydrepd®ams are located
will not be subject to deformation as well. Thesea large interest today in the
“reservoir induced earthquake”. In numerous pafrte® world today, including some
of the most highly developed countries, many darsigieers and operators have
tended to close their eyes to the engineering pmblposed by reservoir-induced
earthquakes. Virtually every careful study has amhed that there is indeed a cause-
and-effect relationship between some earthquak#same reservoirs, and two dams
(Koyna, India, and Hsinfengkiang, China) have ict feome uncomfortably close to
disastrous failure during such events. Furthermibres, precisely in the regions of
low natural seismicity where the major existinglpems lie, because in areas of high
seismicity dams are usually designed for substaeigghquake resistance anyway.
For those reasons, the author is advocating to loaeeof the GNSS Reference
Station as “Master” Reference Station to be par &fegional Integrity monitoring
program that would ideally be lead by the instdntiwho has such positioning
infrastructure under his responsibility.

The simulation studies that have been carried andésign have proven that the
accuracy requested by the tender specificationsbeilachieved and even exceeded
providing a good guarantee on the results.

We would like to stress once again that for “sdfelyven projects, the results
provided by a Deformation Permanent Monitoring 8gstmust be un-ambiguous
and definitively not subject to contestation ortifisation by “force majeure”
elements.

Unique Processing Workflow’s

All the data streams from the GNSS Receivers wallgathered in real time
mode into for instance the Leica GNSS Spider softwand share with different
modules.

Leica GNSS Spider Site Server is managing the imogmata streams and will
store and convert the data into the RINEX file fatrfor archiving, transfer to the
Integrity Monitoring processing centre and be ud$ed GNSS Post-Processing
sequences.

At an interval defined after the pre-run analysistlee network, all the data
streams from the GNSS receivers will be converteid ithe standardized data
exchange format RINEX.
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Fig 8.Workflow processing for GNSS R1-Processing. The same baseline ca
processed in pallel using different parameters

As soon those RINEX files will be produced (ev&fyminutes, 1 hour, 6 hot

daily), Spider Site server will automatically f-processed the variol
combinations of baselines defined and will write thwlts into the SQL database 1
being accessed by the monitoring software and aoecbiautomatically into
rigorous Least Squares Adjustment with the Autooi@dital Stations measureme
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measurementsto a global model of Adjustme



The software’s are mainly driving the geodetic sensuch as GNSS receiv
and Total Stations and processing after reductibe, observations separately
provide coordinates, while the automatiustment module is integrating all t
observations into a global moc

Sensors and Data Fusion approach
Rigorous Least-Squares Adjustment Analysis
I ] Spider ' 5' :
GeolMoS
Adjustment
—- j Resuits per
epoch
SQL DB's
Spider GeolMo$S GeolloS
I = Positioning  Monitor Adjustment
XM'L ]
file [
SQL DB SQ.L DB
Results per
h
The processing work-flow can be handled on different PC -
servers or on the same PC server. The schematic has been ! £eica
made for clarity. Leica suggests to use only 1 x PC Server, =~ "henithastoberight e

New generation measurement devices such as autohadidil Station, Levelling
instruments, GNSS receivers, laser scanners anddbessary equipment for d:
storage and transfeow allow the engineer to obtain and analyse aatarapid wa’

Satellite supported measurements especially witteivers for the Globse
Positioning System (GPS) or/and GLONASS, are nouwenofused in surve
engineering. However, there are situationeen satellite related observations are
possible, for example in underground surveyingnoplaces were high buildings
trees obstruct the signal to the receiver. In tleas®es it is necessary to complett
augment the satellite measurements wirrestrial observations.

Standard geodetic procedures are used for the samaiyd except for tf
adjustment method and traverse; all methods amgdesipoint determinations. Tt
computational strategy is devised in a linear amerahnchic way. New poir
coordinates depend on the manner and order obti@uting step

Observations that do not fit the model are takenfouanalysis, even if the
guality is higher than those of the coordinate gatney observations. Often errc
can be detected late the generation process. The detecting of thesesunemen
errors (Gross errors, point identity mistakes) legtihg each measurement
complicated and very time consumi



Hand made adjustment calculations have been kndvautafor over one
hundred years. However it has not been possibleséothese theories in practice
because of a lack of technical resources. So oot standard methods had to be
used. However, even when the first computers appedimited data storage
capabilities meant that it was necessary to devsiople programs for testing the
hand made calculations.

Today we have the advantage of very powerful coersutwhich renders
programs that do not compute automatically out afed The capacity analysis
programs should be comparable with the capacityed age technical devices.
Otherwise programs are left as the weakest limthenchain of geodetic analysis,
which can create obstacles in productivity.

In the functional model the principles of simultanse and equal rank of all
observation are used. l.e. all observations arel dise coordinate determination
independent of the way of calculation.

In the utilisation of GNSS observations the analysiftware often does not
consider terrestrial observations.

The programs determine coordinates by using ansad@nt calculation in the
geocentric coordinate system (World Geodetic Systéfter that they transform the
geocentric coordinates into a praxis relevant systeauss-Krueger, Soldner e.g.).
The actual terrestrial measurements are not caeside

These programs expect that an adjustment is ukeeriaefore or after starting
the calculation.

This attachment is contradictory to the principlesionultaneous and equal rank
of all observations and is just a ‘solution in stefrinally the result depends on the
path taken by both adjustment steps.

The automatic adjustment software module enables jgdnt analysis of
terrestrial and GNSS observations, in an integrateeée dimensional network
adjustment, with the option to investigate fixednp® simultaneously.

One point of criticism on the complex adjustmergteyns is the danger one has
of loosing track. This could jeopardise the advgeataf saving computing time in
minor or average networks.

This system offers for the user a strategy to altasults in a clear way for best
interpretation. This advantage is achieved usirggttol network analysis and the
methods of pre analysis in terrestrial and GNS3yaisafor an automatic calculation
of coordinates and the detection and eliminatiogrogs errors.

The Least Squares Adjustment is based on a theps ptocessing scheme that
starts by considering all the control points asnawn. That's what we call a “free
network” adjustment where the processing is comaggd on the measurement



without applying any constraint from fixed poinisel the one formed by the GNSS
Reference Stations.

The eventual “outliers” detected in the measurengdmtse that are exceeding
statistical thresholds determined by hypothesiscmsfidence levels and flagged by a
global F-test and a individual T-test) will be @eight and therefore their influences
will not impact the processing of the coordinates.

The second step is the “weighted constraint” adjest, where the fixed points
will be characterized with a corresponding varianceariance matrix (stochastical

model) to constraint ad minima the coordinates taedefore validate the stability of
the datum.

Finally the third step is the “full constraint” adfment where all the fixed
points will condition the observations to prodube tast set of coordinates for the
control points.

Along all those steps, a multiple hypothesis testcarry to analyse the
adequation of the functional model (supposed tdirmar while systematic errors
such those induced by un-modelled effects of tif@acton), the stochastical model
(assuming the a priori variance factor and the caxae are reflecting the effective
accuracy of the observations) and the observations.

The automatic deformation analysis is based on lepgeepoch scheme by
considering the initial set of coordinates as #fenence epoch.

Least Squares Adjustment — Work Flow 1
GNSS + TPS Best Linear Unbiased Estimates

M,,,,,,,}} L L. "l 2 ‘] w.,,)‘:\‘

Free Network Adj.

Data Snooping "
Blunder Detection Fixed Control
Points

NO FIXED POINTS ! MINIMUM FIXED ‘;J
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Fig 10. The automatic adjustment module is proogsairigorous Least Squares
Adjustment in several steps to insure best line@fased estimators for all the
control points

Each adjustment is producing a coordinates vectut @s corresponding
variance-covariance matrix with the a-posteriomiatace factor that are first aligned



using a similarity transformation type often nant&-Transbrmation” from whicr
the residuals are analysed using hypothesis testhack the “normality” of th

corresponding distribution associated at each e

Least Squares Adjustment — Work Flow 2
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Fig 11.The automatic adjustment module is able to chechrntrol pointshave
moved as well ag fixed points (GNSS Refence Stations) are still sta

Feasibility Study of the New Proposed Des

We first examined the situation we could have vilihee GNSS Referen
Stations, then we decreased to two GNSS Referaatier$s and we examined ae
end what would have been the performances with amyGNSS Reference Static
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GPS/GLOMNASS

-
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Geosystems

12 control points
GPS/GLONASS

[ i %" 2 Total Stations
|

Fig 12.Design with three GNSS Reference Stati—Accuracy is meetingnd
exceeding the specifications
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Fig 13.Design with two GNSS Reference Stati— Accuracy is meeting ar
exceeding the specifications. Difference with thBd¢SS Reference Static is only
about 0.2 mm!

From this design, we have estimated the positioavefy sensor as well as 1
position d several circular reflectors. The level of all theints has been estimat
from the graphics delivered with the initial spezations

Having all the coordinates into a grid datum admitrdefined we simulated ¢
the observations that would be ced in the reality.

An adjustment software has the capacity to simwddieast Squares Adjustme
ignoring the real values of the observations bunhswmtering the associat
stochastical model closed to the reality and basedthe instrumentation at
performances that could be achieved in real condit
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In that simulation mode the size and direction lo¢ terror ellipsoids at
indicators of how the design could impact on timalfcoordinates accura
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We can deduce from their numerical valueg the results will be precise a
homogeneous indicating that the proposed desigadbas three GNSS Referer
Stations and the combination of GNSS Control Paiotcated 360° reflector wit
the Total Stations meets and exceeds the accuemyiremers of the tender
specifications.

The output of the simulation gave us also for eatzdervation an estimate ab
the capacity each of them will have to detect aweation of the related poi

The average standard deviation for the monitorgecblponts in plane is abot
1mm for the height 1.4 mm. This allows detectingvemaents— deformation in the
engineering object better 2mm.The local redundaadyetween 30 and 70 % a
allows a reliable detection of deformatic

Finally the selected networleometry and defined instruments (GNSS and ~
Station typegllows achieving a real reliable network for a ldagn monitorin..

In that table we have put for that given situatladesign the different values f
the RMS xy and RMS z as performanceteria. The point C1 is compared with 1
point C2 (used as a reference and processed WitBI8SS + 2 x TPS

So we can see that a network based on 2 x GNSSx+TRS is offering
theoretically the same performance level in ternpoint’s accuracy thathe 3 x
GNSS + 2 x TPS.



3XGNSS +2XxXTPS

C1 207.4 09 08 08 0P9 1.2 1.8 0.0 0.1
C2 217.4 0.8 0.8 0.8 0.8 1.1 1.7
2XGNSS +2XxXTPS

C1l 207.9 09 08 08 09 1.2 1.8 0.0 0.1
C2 217.8 0.8 0.8 08 08 1.2 1.8
1 xGNSS +1xTPS

C1 250.0 1.7 1.0 1.1 11 1.5 2.4 0.3 0.6
C2 218.2 09 0.8 0.8 0.9 1.2 1.8

2 X GNSS
Cl 200.0 22 22 22 2P 3.2 7.1 2.0 5.3
C2 218.3 09 0.8 08 09 1.2 1.8

Cl 200.0 3.2 3.2 32 32 4.5 10.0f 3.3 8.2
C2 218.3 09 0.8 08 09 1.2 1.8

In that table we have put for that given situatlaiesign the different values for
the RMS xy and RMS z as performance criteria. ThiatpC1 is compared with the
point C2 (used as a reference and processed WitBI8SS + 2 x TPS).

So we can see that a network based on 2 x GNSSx+TRS is offering
theoretically the same performance level in ternpoint’s accuracy than the 3 x
GNSS + 2 x TPS.

Even in case of failure the situation 1 x GNSS x TPS is acceptable. At the
end, the proposed instrument and software for @dyplesign guarantees to meet the
specification in term of accuracy atdevel.

In that new design proposal for a Deformation P&en& Monitoring System,
the author has described the best possible waggage the most advanced scalable
and flexible geodetic monitoring solution for tharius sites where again safety is
the prime focus.
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It is all the time and for every project a team kvtw find the best combination
of instruments, processing software’s to designmiwst appropriated solutions for
standard, critical or challenging projects.

The author knows also that in geodetic monitorifgeré is simply no
“traditional” project.
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INTELLIGENT GEO-SENSOR-NETWORKS AS FOUNDATION OF
INTERDISCIPLINARY STRUCTURAL-MONITORING

Sascha SCHNEID, VMT GmbH, Bruchsal, Germany
www.vmt-gmbh.de

For more than 15 years now VMT GmbH from Bruchga&rmany, offers
software and hardware solutions for automatic gatgeand processing of data
derived during the process of in mechanically dritenneling (Tunnel Boring, etc.).

Besides improvement of the successfully establish#gdmated TBM guidance
systems in the light of increasing importance ofdera information technology the
focus of VMT’s own developments extends towardsamged information systems
for recording, processing and evaluation of obthidata as well as monitoring of
processes and objects within or outside the scbpepeling.

As an approach to integrate all these tasks inptetéorm the new product line
TUNIS (Tunnel and Underground Integrated Softwaracure) in combination with
the process data management system IRIS (IntegRaskdand Information System)
is under development. Here VMT GmbH cooperatesetyowith ITC-Engineering
who specializes on software solution for infrastuual construction projects.

This presentation concentrates on the subject mkftlisciplinary Structural-
Monitoring”. Concepts as well as hardware and saféasolutions will be presented
for the development of monitoring projects, thelizadion of intelligent geo-sensor
networks and collection, processing, visualizati@mnorting and alarm management
of geodetic measurements and geotechnical sensor da

© S. Schneid, 2011
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SPACE MONITORING OF SPATIAL DISPLACEMENTS OF NATURAL
OBJECTS

A.A. BUCHNEYV, V.P. PYATKIN, Russian Federation

Abstract

The technology of constructing vector fields of tsdadisplacements of the
nature objects (ice fields, water bodies and clondee atmosphere) from a series of
consecutive multispectral images obtained by spstellites is considered. The
technology is based on searching for the maximunthef coefficient of mutual
correlation between reference objects (targets)dan the current image in the series
and their positions in the next image in the series

The correlation-extreme analysis algorithms andhrietogies for space object
displacement determining (ice fields, water bodielouds in atmosphere) from
multispectral space images taken at different tianes proposed and implemented.
The results were obtained together with Scientfesearch Center (SRC) "Planeta”
in fulfilling of “Russian Federal Space Program @D15”. The software as above
was put into operative practice of the head ceotesatellite data acquisition and
procession SRC “Planeta”. It is widely used in gpagonitoring of Earth Polar
Regions (ice fields), Russian sector of the Blauwit the Azov seas (water bodies) and
clouds in the atmosphere. The determination otabgpace displacements by
satellite images occurring at different time is timethod based on the search of
maximums of mutual correlation coefficients betweka objects of two neighbor
Images in a line of sequential images [1, 2]. Aiimapproach is considered as the
method of objects recognition, known as “correlattmmparison” [3]. However it's
impossible to speak about predefined dictionaryr@ges because of random nature
of objects on space images. This dictionary isdp&mmed in analysis of image lines
and it's peculiar for each image. The building bé tdictionary is based on the
approaches mentioned in [4]. The elements of tbeodiary, called reference objects,
or just targets, form a square of original imagespécified size. They are found in
some neighborhood of nodes of square grid so tleatmaximal value of control
parameter — dispersion or entropy is kept. If tbkeieved maximal value of control
parameter exceeds the threshold, the correspopdirtigf the image is declared as a
target. Otherwise the procedure of building of ¢#sgis directed to searching for
square areas with maximal “variability”. In sucheas an appropriate object might
not be fully destroyed while moving to the next gaan a line. Besides, there is less
probability of accident correlation registratiorr foarts of images with background
distribution of image pixels. The next step to defspace object displacement is the
searching for positions of found targets on thet m@mage. Displacement is defined
for each found targets. The search of target positin the next image is carried out
inside a square area of specified size. The ceaitdre search area coincides with
original target position. A new target positionaiposition, where the maximal value
of mutual correlation coefficient is achieved. tasning of the search area, the target



Is transformed by scaling and rotation. The sebkgtositions can satisfy threshi
conditions — minimal allowable value of correlation coefficierand minimal
allowable shift. The process can be contd iteratively for the following images «
the line: the areas with maximum correlation vadve declared as targets; the tar
got with the help of the procedure of the searcluhtargets as above, can be ad
to these area with maximal correlatito get a new set of targets we should se
their positons on the next image and

This procedure of building of fields of object despement is used practica
without changes to analyze clouds formations despteent on the base of a line
sequential images got from geostationary satellitbgese images are obtained v
comparatively small time interval (15 min for METE@AT 8, METEOSAT 9 and 3
min for ELEKTROL in normal mode), that's why we can expect highrelation
between neighboringnages. A single suppleme—the editing of vector fields whic
means the deleting of clearly false vectors (ll@sause of clouds can have differ
directions of displacements at different altituddsy.1. represents the fragment
the vector fiell of displacement of clouds in the atmosphere. daun see here tt
process of whirlwind moving. Vector field was buiy five consecutive images
optical wavelengths. The first frame of a line ohsecutive imagea) the last fram
(b) and the corsponding vector fieldc].
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However, for water bodies and ice fields the insagka line have a large time
span — images of the Black and Azov seas arersutawice a day (ascending and
descending trajectory of the satellite TERRA), andges of ice fields are the result
of merging (building of mosaics) of radar imagebtamned for a day period. That's
why to avoid false correlations, it's necessaryighiten the requirements to targets
building and correlation level. As the result, thember of vector displacement is not
enough to build a vector field characterizing tiyaamic of the process. Thereby, for
these natural objects, the following addition te technology of building of vector
field displacement was suggested and implementadh® base of the result targets
positions Delaunay triangulation is build. This atrgulation together with
corresponding coordinates of new target positionstlee next image defines the
family of piecewise-affine transformations of armsa A square grid of specified size
is built on the original image. Affine transfornaii is applied to each grid node
falling inside a convex shell of the position ofgiats. This transformation is defined
by a triangle, having this node. Software techne®gnclude the functions of
obtaining of statistical characteristics of buikctor fields — vector distribution
according to directions (with specified discontigyudf the angle changing) and
distribution of vector velocity. Correlation-extrenanalysis of multispectral space
images taken at different time was used to buitdfiteld of displacements of water
bodies for monitoring of pollution transfer in therth-east part of the Black Sea. The
result is represented in fig.2. Space pictures fsatellite TERRA, scanner MODIS,
channels: 0,620-0,6740(1); 0,545-0,56% (4) and 0,459-0,47Q (3).
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In Fig. 3 the map of large-scale moving of ice e Bellingshausen Sea is
presented a), combined with color synthesized image (satelitdeteorM» Nel,
scanner MSWMP, 12.11.2009r.), as well as diagrams of distribution of rate and
directions of ice moving (b) from 10.11.09 (15:16)12.11.09 (16:00).
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This work has been developed partly under the Gi@usupport of Russian fund
of fundamental researches (proj&etl0-07-00131).
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CREATION OF GEOINFORMATIONAL MODEL OF PROBABLE THREATS
ON THE CITY TERRITORY

Alexey V. DUBROVSKY, Russian Federation

Abstract

Complicated spatial structures and their relatignsim the city territory are the
sources of potential threats for the people lifd aealth. Probability of emergency
situations can be predicted beforehand. GIS-tecigned make it possible to analyze
probable techno-industrial, ecological and socioretnic risks. The results of the
predictive GIS modeling may be used as an informnabiasis for the decision making
systems of civil defense and the ministry of emecgesituations.

Difficult spatial structures and their relationxisting on a city territory, are
sources of potential threats for the people lifd apalth. Thus the most dangerous
are the threats which development can be an inenérfor occurrence of some
emergency situations. [2].

It is evident that only the possibility of emerggrsituation can be expected in
advance. Thus it’s important to make the analysjgossible risk. In spite of the fact
the concept “Risk” meets practically in all aredssocial and economic activity of
modern society, we will consider it in followingpescts:

— Technical and industrial risk — risk of fire, dameagn industrial objects or
with the participation of different technical eqonent;

— Ecological risk — risk of environmental disrupticdaused by people’s
industrial activity or by natural disaster;

— Social and economic— risk of deterioration of modsociety’'s social and
economic indicators as a result of natural andstreal threats.

“‘Risk” is inseparably linked with “Threats”. Ther#at is a danger, connected
with some facts or events, which cause the detdrosr of modern society’s social
and economic situation, environmental disasterespass to people’s life and health

2].

This research [1] gives us statistic analysis aigible threats on Novosibirsk

city territory. The possibility of threats occurpenon the city territory can be defined

under the classical Probability theory formula: [B]A) :S, where A — number of

elementary situations, favorable for threat appesaN — number of all possible
elementary situations, at that each elementargtsitu4 corresponds to numbegA)

— situation’s possibility, thus:0< P(A) <1.

All possible threats are necessary to classifyotiowing groups:
— Improbable0< P(A) < 02;



— Few probablen2< P(A) < 04;

— Probable04< P(A) < 06;

— Rather probabl®.6< P(A) < 08;
— Highly probable0.8 < P(A) <1.

To refer the threat to a certain class by one eflihsic criteria we use t
statistical data about the frequency of happeneergency situationon considered
territory for the certain time period. Besides,ctdculate the threat possibility it
necessary to consider all around world statistfasnoergency situatior In Fig. 1 a)
Is GIS analysis’ result of technical and naturag#ts on Novsibirsk city territory.

-4
B

Figure 1.a) GIS model of probable technical and natural ttsrea city’s districi
territory; 6) spatial model of population’s distribution on N@birsk city territor

During GIS analysis five potentially dangerous zneere identified, whet
high probability of emergency situations appearascirecasted. In Fig. 4) 1 —
“coastal”, 2 —“industrial”, 3- “academic”, 4 —“central”, 5*warehouse” zones. Eau
zone is independentechnogenic natural and territorial complex, whiorain
properties are presented in Te.

During the creation of probable threats’ GIS model the city territory th
population number is one of essential model's efgm&his element must [
identified with high share of probability for each distri Daily population’s
migration is important to identify precisely popiide number in set point in set tirr
Population’s fluctuation is also important to resbamodels like: “da-night”,
“‘winter-summer”, “SundayMonday” etc. On GIS analysis of the city territdhe
population’s distribution model was created, ussigtistics data, areas, “inter
points”. The error is less than 5%. In Fig. 1 b)sgatial model of population



distribution on Novosibirsk city territory. The mawum level of rising is
corresponding to the maximum crowd of people.

Table 1. Main properties of potentially dangeraases

Zone Industrial Houses
Name/threat Area (sq. km)| enterprises Population (per.)
number (pcs.)
(pcs.)
2,30 113 512 1340
1 coastal :
Crashes; threat of flooding
3,26 1011 19 2908
2 industrial | |ndustry damage 3 — 5 danger classes; environmeistster threat;
terrorism threat; nature anomaly threat
. 0,86 182 156 14531
3 academic - - : :
terrorism threat, epidemic threat, earthquake rttaae 5 points
central 4,05 660 538 68982
4 terrorism threat; epidemic threat; crashes; thoéatectromagnetic
irradiation; earthquake more than 5 points
warehouse 0,79 185 23 554
S Industry damage 3 — 5 danger classes , environindiatester threat;
terrorism threat
Total 11,26 2151 1248 88 315

The basic conclusions under geoinformation analygisNovosibirsk city
territory is:

— Works on the analysis and prevention of risks khde planned on the
actual, authentic digital model (geoinformationsga

— Spatially-coordinated objects, processes and tlegrhena together with
statistical databases and results of territory toomg should complete the
automated knowledge base GIS model of probablatsire

— Created informational resource on threats distidoutn studied territory
should become popular and open the maintenancepassible consequences of
threats.
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APPLIED SPATIAL STATISTICS FOR MAPPING ENVIRONMENTAL
POLLUTION

Michael GOVOROQV, Vancouver Island University, Malagina, Canada
Gennady GIENKO, University of Alaska Anchorage, USA

ABSTRACT

Modern GIS packages are well equipped with statibtitnd geostatistical tools
which allow researchers to explore variety of emwmental data in spatial context.
This paper illustrates the use of several geositatisnethods to analyze associations
and trends of spatially distributed data usingedéht techniques, available in modern
GIS packages. The paper uses concentration opangculates (PMs) in Canadian
cities as an example.

METHODOLOGY AND DATA

A common research task is the investigation ofgbatial structures of natural
or social phenomena using point observations amadtgative analysis. Modern GIS
packages are well equipped with statistical toalsich allow researchers to explore
their data in spatial context, employing varietygebstatistical tools and approaches.
A typical spatial analysis of data, having spatamponent, may be based on the
following workflow. Exploratory spatial data analygESDA) is used for initial data
analysis, such as check for statistical distribytimearity and presence (or absence)
of a pattern (both in spatial and non-spatial dos)aiBased on results of ESDA and
initial hypotheses, further exploration can be dgyed by testing data for auto-
correlation, correlation, and building some rega@ssnodel. Trend analysis, an
essential part of data exploration, can supplerkeging and co-kriging techniques,
designed for analysis of spatially distributed dat&ere is excessive literature
describing various theoretical aspects of spatatists and geostatistical analyses,
some references are provided in the Referenceogecti

In this paper, we used environmental geospatia ttatm the national database
service, maintained by the Environment Canada (wangc.ca). In this study
statistical data reflecting air quality in Canathadt available data from 1997-2008)
were used. This dataset includes geospatial dataifoquality, greenhouse gas
emissions and water quality indicators for diffdrgpatial units.

The primary dataset, which is used in this studludes points with
measurements of fine particulates (RMby Canadian cities. PM is key measure
of air quality such as smog. The PMndicator is based on the 24-hr daily average
concentrations recorded at monitoring stations ssrG@anada during the warm
season (April 1 to September 30). According to dlaga description, 71% of fine
particulates (PMs) came from two sources: industry (35%) and homewdod
burning (36%). To explore the factors behind obsdrspatial pattern of fine
particulates across Canada cities, additional secianomical characteristics (or



explanatory variables) at monitoring stations werepared. Thus, the attributes of
fine particulates dataset also include populatiod kabor indicators. These social-
economical data were derived from the 2006 Prafil€ensus Subdivisions (CSD)
and Census Tract (CT) of Statistics Canadian (wtatcan.gc.ca). This set of
socio-economical variables is used to explore ithgtion of PM 5 concentration
across Canadian territories (see Fig.1).
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Fig.1. Distribution of Fine Particulate Matter (PNlemissions in tones in Canadian
cities (data sourcevww.ec.gc.cq

EXPLORATORY DATA ANALYSIS

Different statistical analyses techniques are basedertain hypotheses and
assumptions, therefore, in order to get statidyicabrrect results the source data
should comply with particular requirements, inchglnormality, linearity and spatial
patterns.

For some methods of kriging, data should conforrthéonormal distributionf
the data does not exhibit a normal distributioométy be necessary to transform the
data to make it conform to a normal distributiorfdoe using certain interpolation
techniquesAccording to analysis of the histogram and Norm@&RJbt distribution
of PM, svalues does not satisfy criteria of normality. Hoew applied normalization
in form of logarithmic transformation brings thetaset closer to the normal.

Often the first step in both correlation and regi@s analyses is to plot
dependent and independent variables on a scatte@ph. In this paper, we used
linear regression methods. If the relationship leetv any of the explanatory
variables and the dependent variable is nonlinkarresultant regression model may
perform poorly. In our case, the relationship betwéhe most explanatory variables
and the dependent variable is nonlinear.


http://www.ec.gc.ca/

Another issue of multiple regression analysis idticnllinearity. This leads to
an overcounting type of bias and an unstable/wablgi regression model.
Multicollinearity occurs if one or a combination ekplanatory variables used in
regression is redundant. This usually happen whetependent variables are
correlated, and therefore they are not independerh each other. Strongly
correlated variables should not be used togethenaregression model. According
to analysis of scatter plots, some independenalbkes in our dataset exhibits strong
positive relationship between each other.

We used spatial autocorrelation methods to idenpifiterns in Py spatial
measurements. Most GIS packages utilize autocbarlaethods such as Moramh$5-
Statistic, Cluster Anselin Local Moranls(Anselin, 1995) or/and Hot Spot Loca+
Statistic (Getis, 1992) analysis. All these methadsmsider both locations of a
measurement point and variation of attribute’s esluat the locations. Spatial
autocorrelation on the modeled variable indicateba variable is spatially random,
clustered, or dispersed. Results of spatial auteledion are useful in analysis of spatial
regression.
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Fig.2. Cluster and outlier analysis (Anselin Lokkdran’sl) and Hot Spot Analysis
(Getis-Ord Gi) of PMsobservations.

The maps in Figure 2 show high level of clustemvith high values of PMsin
the south-eastern part of Canada and high levalustering with low values of P
in the two western provinces of Canada. Thus, alpaltistering of PMsobservations
should be taken into account in a regression arastgestical models to avoid
overcounting type of model bias.



REGRESSION ANALYSIS
Bivariate Linear Ordinary Least Squares Regression

Quantitative measure of correlation is used to iconbr reject relationship
hypothesis by using correlation and regressionyaeal Correlation analysis in our
case study shows very weak association betweeddpendant Pl variable and
independent variables for population and labordatdirs. In addition, the residual
values are highly clustered and not normally disied.

Population and labor indicators, used in this stwagre collected by Census
Canada for polygonal units, Census SubdivisionsD)C&1d Census Tract (CT),
varying by area. At the same time, fine particida(M ) were measured at
monitoring stations (points). The measurementseceftondition of atmosphere in
surrounding areas. To address this issue, popnulatiod labor variables were
normalized by land area of respective observatmggonal units to be further used
in regression analysis. Normalized density varislil@ve certainly improved the
model. We examined few variables, which signifibagbntribute into concentration
of fine particulates.

Bivariate Linear OLS Regression: PM2.5 vs. Latitude

PM2.5 vs. Latitude
Std. Residuals
@® <-255td Dev

: AT -0.5-0.5 5td. Dev.

®” ’ 05-15Std Dev
: R . 15-2,55td Dev.

® = 2 __?. M ® >255td Dev

1,000
Kilometers

&

-2.5--1.5 Std. Dev
-1.5--0.5 5td. Dev

Bivariate Linear OLS Regression: PM2.5 vs. Density
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Fig.3. Bivariate linear ordinary least squares esgion: a) PMs vs. Latitude (PMs
= 23.7248-0.3581 x Latitude), correlation coeffitie = 0.693, goodness of f& =
1.822; and b) PM vs. Density of all occupations of industrial laljpM, 5= 5.6278
+ 0.0133 x IndLabDens), correlation coefficierst 0.393, goodness of f§ = 2.326.

Multivariate Linear Ordinary Least Squares Regresson (OLS)

In the next step, relationships between dependemrtable and several
explanatory variables were modeled by using mui@a regression analysis. We
used several iterations to build the best multatarregression model by including a
different number and different variation of explaorg variables and comparing these



multivariate regression models among each othasing RMSE criteria until we choose
the best one.

We have chosen Latitude, Density of all occupatiohsbor (AllLabDen), and
Density of all occupations of industrial labor (LabDens) as key explanatory
variables for PMsmultivariate regression model. This combinationvehacceptable
results with all correlation coefficient being s#tally significant. Figure 4
illustrates results of the multivariate regression.

Multivariate Linear OLS Regression
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Fig.4. Multivariate linear ordinary least squaregression: Pi= 22.0715 -
0.3275xLatitude + 0.0177x IndLabDens - 0.0051xAliDen. R= 0.5157, goodness
of fit & =1.77

The model has 52% of coefficient of multiple detevation R; in other words,
it explains 52% of PWs variations. Thus, the AllLabDen variable can soaveh
explain the home firewood burning component of fpeaticulates pollution. The
IndLabDens variable can explain industry componeftthe fine particulates
pollution. The model is still missing 48% of BMvariations, which can be result of
non-linear relationship between the dependent bigriand the independent variables;
there are evidences of spatial correlation effedwstering, and some important key
variables are missing.

Local Geographically Weighted Regression

There is a possibility to improve model resultsapplying local Geographically
Weighted Regression (GWR), which takes into accaiffgict of spatial correlation
(Fotheringham, 2002). The GWR local model with #ey explanatory variables
Latitude, AllLabDen and IndLabDens explains 52.2%fine particulates (Pk)
values in the selected Canadian cites. The fAkkiduals of the model are still highly
correlated according the Moranistest. This indicates that the model is still not



properly specified and some important key varialles missing, which can explain
48% of PM sresiduals.

Local Geographically Weighted Regression
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Fig.5. Local Geographically Weighted Regressi@&= 1.7589; AICc = 716.4563;°R
=0.5224

Spatial interaction (spatial autocorrelation) cae explored using spatial
econometrics technique (Anselin, 2001). Usuallytoeorrelation creates an over-
count type of bias for traditional (non-spatialgmession methods; however, this
discussion is beyond the scope of this paper.

GEOSTATISTICS

If an experiment contains a quantitative independanable, then shape of a
function relating the levels of this quantitativeadependent variable to the
dependent variable is often of interest. In thisecatudy, we used several basic
techniques to explore trends in PMbbservations. Figure 6 illustrates trends in
PM, sobservations as the results of applying polynommatiels of the first, second
and fourth orders.

The existing trend of Phtdata shows the long-range variation of data values.
The dominant direction of data changes is from marést to south-east. It has
approximately 140-degree azimuth (based on min RM3&e).



First Order Trend of PM2.5 Distribution Second Order Trend of PM2.5 Distribution Fourth Order Trend of PM2.5 Distribution

Fig.6. Trend analysis using polynomial models:ia} brder, RMSE=1.6190; b)
second order, RMSE=1.3295; and c) fourth order, EMIS553

We used geostatistical approach (kriging) to ptedialues of PMs
observations. Several geostatistical kriging meshwdre tested to get the best result
based on RMSE of PMvalues. We used Density of all occupations of imais
labor (IndLabDens) and Latitude as co-variablemntalel PM s values distribution.

Ordinary Kriging Prediction Universal Kriging Prediction Universal Kriging Prediction

Fig.7. Predictions of PMsobservation values based on kriging and co-kriging
models: a) Ordinary Kriging, RMSE=1.2914; b) Unsa&rKriging, RMSE=1; c)
Linear co-kriging with Latitude co-variable: RMSE2851. All kriging methods are
with 140 deg anisotropy and use normalized souate as a result of logarithmic
transformation

Adding the trend to interpolation in kriging imprs/ data prediction, especially
using Conformal projection - the RMSE has sliglkbcreased from 1.2914 to 1.2768
for ordinary kriging and universal kriging respeely. Adding co-variables
IndLabDens and Latitude to interpolation does moprove prediction (co-kriging
yields RMSE=1.2851).

MODEL ANALYSIS AND DISCUSSION

Regression analysis and kriging optimal interpolatare used for prediction
PM, s values in known locations. According to resultsooir case study, kriging-
based predictions give lower RMSE in situations miaeregression model is not
properly specified, i.e. when some important keyialdes are missing. Figure 8
illustrates best regression models (GWR and krigfog PM, s observations, based



on analysis of available data. However, if the esgion model is specified
reasonable, regression and kriging may supplemestt ether and used for further
validation of models.

Interpolated Surface of Local GWR Regression Universal Kriging Prediction
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Combination of two methods can be beneficial inesalvsituations. Regression
and kriging modeling can be used for predictioalblocations where predictions are
required. However, for regression analysis, vahfethe independent variables have
to be available in predicted locations. Kriging ralmlg can be used to estimate the
independent variables in predicted locations whth following use in regression. In
addition, if one of independent variables of regi@s is a coordinate, this variable
can be defined exactly in required prediction |mret, and thus it can improve
prediction based on the regression model. In additb prediction, regression model
can be used to examine and explore spatial rekdtipa between dependent variable
and independent (explanatory) variables. Key egbboy variables from regression
modeling can be used as co-variables in co-krignogleling. Moreover, it can be
revealed even from the respective maps, that thdtseand natures of regression and
global polynomial interpolations are very simildherefore, it can be an option to
use the regression surface to obtain residualsriging modeling.

Explored geostatistical methods also shown highelleof robustness to
parameters of projections used to represent salataset, with some excerption of
global spatial autocorrelation (Mora’endex) and universal kriging.

CONCLUSION

Geostatistical mapping of environmental charadiessis a rapidly evolving
area, which based on combined power of well deeslapethods of spatial statistics
and geovisualization capabilities of modern GISkpges. Geostatistical mapping,
partially based on classical statistics and mapgwag a number of unique methods,
specifically designed to address spatiality of gaphpical data. While the real world
provides very large range of applications for getistical mapping, some major steps



of environmental spatial data analysis, describedhis paper, are common and
relevant to most studies.
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APPLICATION OF TABLET PC AS GIS CLIENT PLATFORM FOR
EMERGENCY MANAGEMENT

Pavel KIKIN , Russian Federation

INTRODUCTION

Nowadays, information technologies have becomentagial part of life of the
majority of people. However, not all industrial ebfs on the post-Soviet territory are
equipped with modern technological systems. A loemgineering objects are still
using old inefficient methods of manual controlttreduces their development and
financial efficiency. But what is worse, low levef control increases the risk of
emergency situations and decreases response toneetiEes it may cause very
serious consequences.

GIS may be of help to industrial objects in emegyemanagement. In this case,
usage of GIS already supports many modern engimgesyistems. GIS is one of the
most advanced branches of science, but has lowstamgdevelopment. It always
uses the most progressive information technolo@e® of the latest developments
in IT is different types of mobile computers, suahlaptops, net books, tablet PCs,
etc. Therefore, the most promising fields of GI® aprtable monitoring systems,
which uses tablet PC as a GIS platform. This &fickesents review of concept and
advantages of using such GIS system for emergeacagement.

EFFECTS

There are several requirements for GIS in the fafldengineering systems,
which were identified according to the desires iffiecent groups of users. One of
them is centralized storage of data / distributedess. It means that the system
should provide centralized storage and administnadf large amounts of data and its
protection. The access to information should bedas client-server technology in
a local network, and through Internet for remotekstations.

This requirement is important for mobile GIS, besmthe information should
be available for all company’s staff according beit access rights. Mobile GIS
enables field workers to collect, store, updatenips#ate, analyze and display
geographic information.

During field works it will allow the use of digitainaps on compact mobile
computers, providing access to the corporate gebgranformation directly from
the field. This allows organizations to add infotioa in databases in real-time and
to speed up analysis and worker's decision-makirmugh the use of updated, more
accurate spatial data. For example, a GIS will seeknecessary data, move to the
found object or estimate the distance to the obpectlirection of its search. It'll
provide access to large amounts of informationughothe attribute window in which



information can be visualized on mobile device’'spthy and used to assist in the
daily work related to the utilities’ operation.

Thus, introduction of such a GIS on an enterprisk eveate a number of
positive effects:

— Personnel reduction;

— Minimization of the risk of an accident due to aoobus monitoring of the
system;

— Minimization of the time needed to detect and pnévtiee accidents;

— Acceleration of the database updating.

STRUCTURE

Mobile GIS brings together a number of compone@tS, mobile devices,
GPS, wireless communications, for access to Gl@utir Internet / Intranet. Such a
GIS will be based on client-server architecturaer@ GIS will be based on mobile
devices, presented by the modern tablet PCs.

Server:

— GIS database;

- GIS;

— Process module.

Mobile device:

— Global Positioning System;

— Wireless access to the GIS server;

— Client GIS application or browser.

This GIS must support:

— Developed system of distributed authorized acae€4% map information;

— Input and editing of spatial data using a mougeeraor GPS;

— Protection against unauthorized copying raster biathie users

— Developed instrumental Internet \ Intranet systeamhology through which
users can build their own relational tables of s@malata of cartographic objects;

— Means of maps publishing in the Internet with thity to extract data
objects;

— Standard vector and raster formats;

— Integration with GPS, including GPS navigation.

Due to the architecture of the system, we neetitose:
— A mobile device;

— Software;

OS of mobile device;

Way of data transmission.

Further researches will help selecting or develppiecessary components for
utilizing the client part of GIS.
© P. Kikin, 2011
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