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1. Introduction

With the advances in geospatial information technologies, sensors have been widely used

in almost every industry around the globe. Most sensors for monitoring, such as rain

gauges, surveillance cameras, or traffic flow detectors, are carrying out a long period of

observation, which results in a rapid accumulation of observation records in databases and

enormous demand on computing resources. Meanwhile, the interoperability among sensor

data generated by different manufacturers remains a big issue when different disciplines

desire to access those sensor resources for interdisciplinary applications. This paper will

examine issues of massive data processing and interoperability by presenting the

implementation of 2 monitoring systems in Taiwan. It also intends to propose a solution to

those issues by adopting Cloud Computing and Open Geospatial Consortium (OGC)

standards.

2. Background

2.1 Cloud Computing and Monitoring Systems

Cloud computing is aimed to solve problems of large-scale data analysis and storage.

Features of the cloud computing include system scalability, implementation flexibility, and

high fault tolerance. It is often used in a distributed architecture where data are stored in a

cluster of separated machines while computing resources from those machines can be

summed up and allocated evenly to different processes at the same time, which can greatly

reduce the loading on a single machine, and meanwhile makes the best use of computing
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resources.

Monitoring systems with sensors is one of common applications that may benefit from

computing because most of monitoring tasks are required to process a large number of data

collected by sensors with long periods of observation. There are sensors almost everywhere

in our daily life even though most people are not aware of their existence. For example,

weather forecast systems collect data from rain gauges, moisture meters, and barometer.

Landslide monitoring systems gather data from geophones, water level gauges, and cameras.

Modern traffic control systems coordinate traffic signals by analyzing real-time data from

vehicle detectors, probe vehicles, and surveillance cameras. Thanks to those sensor data

around us, people can thus be aware of current situations and make suitable decisions

based on the right observations to this world.

Figure 1 illustrates the framework of a monitoring network for debris flow in Taiwan.

There are 17 on-site monitoring stations installed along a debris-flow-prone stream and 3

mobile stations in this network. The instruments used for monitoring include rain gauges,

wire sensors, geophones, soil moisture sensors, water level meters, and CCD cameras. The

monitoring stations works for 24/7 to collect data from the site, providing useful

information for debris flow researches and hazard response tasks. The monitoring system

has been proved to be useful for emergency response regarding debris flow hazards.

Figure 1 . Framework of monitoring network for debris flow in Taiwan
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Figure 2 shows another example of monitoring system where monitoring targets are

vehicles equipped with a GPS receiver. Vehicles to be monitored are equipped with a

GPS-enabled car kit, a small box keeping tracks of driving information, such as speed, tire

pressure, bearing, etc. When starting the engine, the vehicles regularly transmit the driving

data through car kits via wireless communication, either 3G or GPRS, to the centralized

control center. Web-based Fleet Management System is mounted on the control center with

a collection of map services and web services associated with spatial analysis. Control staff

can then real-time monitor all vehicles on the digital map with visual aids in web browsers.

For a typical fleet company with a fleet of 1500 vehicles, it would produce around 2

million records each single day. The computing demand on these data, such as spatial

identification and delivery routing, is also tremendous.

Figure 2 . Architecture of fleet management systems

2.2 OGC Standards

Open Geospatial Consortium (OGC) is an international non-profit organization whose

mission is dedicated to developing all kinds of spatial information exchange standards and

to address interoperability challenges and issues in geospatial industry. Table 1 shows some

of major standards that OGC developed over the past decades.

Take Geographic Markup Language (GML) as an example. It defines the format of basic
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components in a map, such as points, lines, surfaces, locations, directions, elevations and

other spatial information. Any existing geographic information system (GIS) wishing their

map data to be read in other systems would adopt GML as the standard to formulate and

export their map data, which can significantly reduce developers’ burdens when

transforming the data.

Standard Year
Coordinate Transformation Service (CTS) 2001-01-12

Filter Encoding (FES) 2005-05-03
Web Feature Service (WFS) 2005-05-03

Geographic Objects (GOS) 2005-05-04
Web Map Service (WMS) 2006-03-15

Symbology Encoding (SES) 2007-01-18
Transducer Markup Language (TML) 2007-07-02
Sensor Model Language (SensorML) 2007-07-24

Sensor Planning Service (SPS) 2007-08-10

Web Processing Service (WPS) 2007-10-05
Geography Markup Language (GML) 2007-10-05

Observations and Measurements (O&M) 2007-12-26
OGC KML 2008-04-14

Web Coverage Service (WCS) 2008-04-29
City Geography Markup Language (CityGML) 2008-08-20

OGC Location Service (OpenLS) 2008-09-08
OGC Web Service (OWS) 2010-04-07

Table 1: List of major OGC standards for data exchange since 2001

Case Study 1: Fleet Management System (FMS), SkyEyes

SkyEyes GPS Technology Co., one of leading FMS service providers in Taiwan, has

currently established an online commercial fleet with up to 1,500 vehicles. For a typical

work day with 12 service hours, the database has to accommodate around 2 million records

each day in order to render the daily vehicle trail on the map upon the request by fleet

managers, or 0.18 billion records every 3 months for fleet company executive officers to

produce managerial reports for business analysis. For near real-time monitoring, it requires a

great amount of CPU time for spatial and analytical computation; for example, mapping

geographic coordinates into map features, such as roads, factories, or administrative zones,

with surrounding buffers for Georeferencing or Geofencing.

The vehicles being monitored by SkyEyes can be used as Probe Vehicles that represent
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one aspect of traffic conditions and publish this information to road users for making their

journey decisions. SO, we establish a data center called Traffic Information Publisher, or

TIP, which collects, integrates, and processes traffic data into meaningful traffic information,

and publishes the information timely using standardized formats. To be interoperable across

different GIS applications, we'll follow a series of international geospatial standards defined

by Open Geospatial Consortium, OGC, an international organization that dedicates the

process of making standards for exchange and sharing of geospatial information. Figure 3

shows the framework of TIP, where a Data Adapter collects raw data from different data

providers, and a Data Wrapper prepares the filtered and processed information for

publishing by using three major OGC Web Services (OWS), Web Feature Service (WFS),

Geo Simple Message Service (GeoSMS), and Sensor Observation Service (SOS).

Figure 3 . Framework of Traffic Information Publisher (TIP)

Driving records, digitalized and transmitted by the car kits in vehicles, are essential to

every fleet management system. They provide fundamental information for vehicle tracking

and other managerial measurements for fleet companies. Table 2 shows a simplified

example of driving records, including vehicle identification, sending time, driving speed,

mileages, position in a form of coordinates, driving status, and so on. Every vehicle
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monitored by SkyEyes periodically sends one record to the control center every 30 seconds

since the engine is started. As mentioned earlier, SkyEyes currently accommodates about

1,500 vehicles in total from over 200 customers around Taiwan, producing around 2 million

driving records a day on a daily basis of 12 service hours for typical commercial vehicles,

such as tanker trucks, freight trucks, or waste trucks. The annual driving records can reach

up the number of half billion, which poses an enormous burden both on storage and on

system performance.

Car Time Speed Mileage X Y Status

ABC-01
2009-12-01

01:23:45
91 132001 167029.5951 2630698.927 Speeding

EFG-99
2009-12-01

01:23:48
25 4500 166781.4617 2630828.813 Running

Table 2: A simplified example of driving records

Daily driving records are used for rendering vehicle location and driving trail on the

digital map by fleet company staff in a real-time manner while historic driving records, say

2 months before the query, are often retrieved to analyze the efficiency of vehicle

dispatching or serve as the evidence to claim compensation from insurance companies when

accidents occur. Due to limitations of relational database (RDB) on which SkyEyes kernel is

established, the system only provides 3-month historic driving records for real-time queries.

This constraint causes many complaints from our customers when some of them started to

adopt data mining techniques for better transportation plans in recent years. As the number

of total vehicles in the system keeps growing, SkyEyes has been looking for an effective

and financially feasible solution to solve this problem such as to sustain competitive in the

market.

In order to enhance scalability and performance of SkyEyes, Cloud Computing is

introduced and a framework based on open source projects, Apache Hadoop, is adopted.

The core of Hadoop framework is Hadoop Common, which provides access to the

filesystems supported by Hadoop, HDFS. The HDFS filesystem uses name of the network

switch as its location awareness when replicating data, keeping different copies of the data

on different racks. The filesystem HDFS and HBase provide a high throughput access to

application data, and supports large structured data storage. The framework also consists of

Map/Reduce, a software framework to support distributed computing on large data sets on

clusters of computers.
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A typical Hadoop cluster includes a single master and multiple slave nodes. The master

node consists of a jobtracker, tasktracker, namenode, and datanode. A slave or compute

node consists of a datanode and tasktracker. Figure 4 illustrates the framework of ‘private

cloud’ adopted by SkyEyes for the experimental study. The framework consists a master

and two slaves, each of which is built on PC with two-core 2.3 GHz CPU and 4 GBytes

memory. The master provides the HBase APIs for SkyEyes Socket Server to transmit historic

driving records into Hbase as well as the Hbase Thrift for clients to place query on the

database.

Figure 4 . Framework of SkyEyes on the ‘Cloud’

The Map/Reduce algorithm developed in our framework splits the writing process into

multiple threads on different slaves with distributed computing resource, and thus greatly

decreases the processing time while writing driving data into HBase, as shown in Figure 5.

Figure 5 . Framework of SkyEyes on the ‘Cloud’
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The experiment of cloud computing consists of two parts: data feeding and querying. In

the phase of data feeding, we bulit a cluster of 3 nodes, which totally provides a

computing capacity of 30 maps at a time to process the data transmission from a relational

database where the original driving records are stored into HBase. In this experiment, we

fed the HBase with a real drving record set from SkyEyes between August 6, 2010 and

August 28, 2010, with a total records of 27.24 millions. The Map process time is 2 hours

and 11 minutes. Table 3 detailed the statistics of experiment by using Hadoop Map/Reduce

Administration.

Cluster Summary (Heap Size is 8.94 MB/963 MB)

Maps Reduces
Total

Submissions
Nodes

Map Task

Capacity

Reduce Task

Capacity

Avg.

Tasks/Node

0 0 64 3 30 6 12.00

Completed Jobs

Jobid Priority Name
Map %

Complete

Map

Total

Maps

Completed

Reduce %

Complete

job_201103020920_0071 NORMAL SkyEye 100.00% 29 29 100.00%

Hadoop job_201103020920_0071

Job Name: SkyEye

Job File:

hdfs://cloud-a:9000/opt/hadoop-data/mapred/system/job_201103020920_0071/job.xml

Job Setup: Successful

Status: Succeeded

Started at: Mon Apr 18 11:40:39 CST 2011

Finished at: Mon Apr 18 13:51:42 CST 2011

Finished in: 2hrs, 11mins, 3sec

Job Cleanup: Successful

Counter Map Reduce Total

Job Counters
Launched map tasks 0 0 29

Data-local map tasks 0 0 29

FileSystemCount

ers
HDFS_BYTES_READ 1,692,848,859 0 1,692,848,859

M a p - R e d u c e

Framework

Map input records 11,882,564 0 11,882,564

Spilled Records 0 0 0

Map input bytes 1,692,775,113 0 1,692,775,113

Map output records 0 0 0

Table 3: Summary of experiment: data feeding
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In the phase of querying, we developed a web service for client to place query on the

historic driving record. The average response time of querying upon this data collection is

less than 10 ms, which is over one hundred time than previous system without cloud

computing.

Case Study 2: Sensor Web Enablement (SWE) for Debris Flow Monitoring System

Debris flow is a tremendous threat to humans' living environment and safety. The

landforms and geologic structure in Taiwan are peculiar, and terrains are easily broken and

unstable. Washout and rainstorms resulting in debris flows and landslides in mountain

areas occur frequently during the typhoon season. To protect inhabitant's life and properties,

scholars and disaster response sectors continuously search for the cause of debris flow, and

try to build a preventive mechanism. The Taiwan government had set up 17 debris flow

monitoring stations and 3 debris flow monitoring vehicles since 2002. These stationary

stations and monitoring vehicles have been used to construct a monitoring network that can

collect the real time data and analyze the energy variation during the debris flows. The

system is aimed to help establish an alert mechanism. In order to integrate the observation

resources, the OGC framework, Sensor Web Enablement (SWE), was used to develop a

debris flow information platform. The Sensor Observation Service (SOS) of SWE was

implemented into the monitoring system. The purpose of debris flow information platform

is to integrate various resources from different organizations, such as local governments,

disaster prevention organizations, and local communities, and thus enhance the efficiency of

decision making in response to disasters.

All debris flow stations have at least 400 sensors. One of the important issues of debris

flow monitoring system is sensor data integration. To achieve the goal of data sharing and

information integration, the Sensor Web Enablement (SWE) framework was implemented in

the debris flow monitoring system. Figure 6 shows the overview of the monitoring scenario.

In the scenario, each station contains sensors such as CCD camera, rain gauges, geophones,

soil moisture sensors, etc. The observation data from sensors are collected and transmitted

to the data center via Internet (ADSL) or satellite. Three web services are used in the

operation: Sensor Observation Service (SOS), Sensor Planning Service (SPS), and Sensor Alert

Service (SAS). Users can interact with the monitoring system through these web services to

send request, receive data, and notification about the debris flow.



72

Figure 6 . Overview of Monitoring Scenario

The debris flow monitoring system has implemented the “GetCapabilities”,

“DescribeSensor”, and “GetObservation,” the three components of operations in SOS.

“GetCapabilities” is one of the operations that allow clients to retrieve service metadata

about a specific service instance. No “request” parameter is included, since the element

name specifies the specific operation. “DescribeSensor” obtains metadata that describe the

characteristics of an observation procedure (sensor or sensor constellation). However, a

catalog may only contain high-level information about the observable properties, locations,

contact information, etc. The “GetObservation” operation is designed to query a service to

retrieve observation data structured according to the “Observation and Measure”

specification. Upon receiving a “GetObservation” request, the SOS shall either satisfy the

request or return an exception report. Figure 7 is the architecture of debris flow monitoring

system in SWE framework. Applications can connect to SWE server and use

“GetObservation”, “GetCapability”, or “DescribeSensor” operations to get observation

information, service capabilities or sensor capabilities from SOS operations.
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Figure 7 . System Architecture of debris flow monitoring system in SWE framework

2.2 Conclusion

This paper proposed a method for storing large-scale sensor data that adopting

cloud-based distributed database-HBase along with OGC standards for data exchanges.

HBase is the Open Source version of the Google BigTable that is different from the

row-oriented relational database. HBase used column-oriented paradigm that retains high

flexibility and is more capable to meet the needs of a variety of sensor formats.

In the case study of SkyEyes, we analyzed the data writing and reading performance

based on large scale sensor data of the fleet management system. From our experiment

conducted by this study, we can conclude that cloud computing can provide an effective

distributed infrastructure for large-size data storage by clustering several separated hosts,

but processing the jobs as a whole. Moreover, it can also provide a parallel computing
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capability to deal with queries on huge data storages, greatly reducing the cost of hardware

and process resources, and meanwhile retain the satisfactory performance of querying

conducted by web clients.

In the case study of Debris Flow Monitoring System, an OGC framework, SWE, was

implemented, and the practice of using SOS, SPS, and SAS had shown the benefits of

interoperability. The goal of SWE is to enable all types of Web and Internet-accessible

sensors, instruments, and imaging devices to be accessible and, where applicable,

controllable via the Web. The successful example of SWE on debris flow monitoring

network indicates the remarkable outcomes of interoperability, and this will encourage the

application of SWE between different locations and organizations in the future.
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Abstract

Since 1995, with the close cooperation and experience sharing between Vietnam and

Korea, the needs of building Vietnam NGIS has been pushed at that time. However, the

strategy on building the Vietnam NSDI didn’t reach the success when the project on

building common sharing layer just finished with the result as digitized maps. Since then,

the lack of coordination among ministries/agencies, the incomplete of building a common

national GIS standard has caused the independent GIS development at each

ministries/agencies with the result of the their own plan on building geospatial database

separately. This paper will review the applied-GIS development situation in some major

offices in Vietnam in general, the development strategy on surveying and mapping of

Vietnam which is the closest effort on pursuing NGIS target, the proposal on building

Vietnam urban planning information system and lastly the expectation on re-cooperation for

buildingVietnam NGIS.

Key words : GIS development, Vietnam NGIS, Vietnam UPIS.

1. Introduction and Background

GIS was known in Vietnam by studies and international exchange in 1980’s. Several
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scientists has begun to introduce GIS concepts or referred it from foreign documents, or to

make definition themselves; concurrently, there were some researches on GIS in small-scale

tests. However, the IT development in Vietnam at that time is not strong and lack of

hardware and software.

In the 1990’s, GIS has been widely studied and multiple applications have been deployed

and some GIS projects at national level has been realized. Thus, the decade of the 1990’s

is regarded as the time that GIS has been widely applied in Vietnam as in Korea.

In the years of 1997-1998, Ministry of Science, Technology and Environment, currently

known as Ministry of Science and Technology implemented a great project of GIS which

aimed to set up 14 layers of digitalized maps including: natural topography, administrative

boundary, hydrographic network, vegetation, land use, geology – geomorphology, industrial

and agricultural structure, population structure and distribution, tourist–culture-education

potentials, pedology, climate regional division, marine resources, environmental information”

and each province and city has a component from the main project.

Depending on the specific conditions of the local governments, Departments of Science,

Technology and Environment, Cadastral Departments or Offices of Provincial People’s

Committee at local levels are the leading agencies. However, those who implemented the

project were mostly GIS experts from the research institutes and universities and up to

now, the equipments were bought such as computers and color printers are now fully

depreciated. It is unknown that whether the above 14 layers of digitalized maps would be

used any more or not, the project was not succeeded causing by the wrong awareness that

GIS is just digitalized maps.

In 1999, the remote sensing and geographic information systems was applied in

environmental planning inside the project “Capacity Building for Sustainable Development”

with the collaboration between the Institute of Geography (Ha Noi University of Natural

Sciences) and Belgium. The research results and good lectures have been introduced in the

project.

For effective application of GIS in sectors, digitalized base map compilation by GIS

technology has been developed. GIS software was gradually programmed by Vietnam’s

companies.

During over the past 10 years, Vietnam has made significant progress on GIS application

in all fields. Currently, GIS is being applied in government agencies, research institutes and

companies. In terms of training aspect, many universities particularly in Hanoi and Ho Chi
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Minh city have included GIS subject in formal teaching program at universities and post

graduate education, the number of GIS software firms have increased considerably.

However, so far GIS development in Vietnam is still slow and hasn’t met actual demands yet.

2. Existing situation on GIS development in Vietnam

Though the necessary on building Vietnam National GIS has been raised on many

conferences and debates in more than 10 years, however neither any steering committee has

been established nor an overall policy or strategy is approved.

Vietnam geospatial database is now being researched and proposed separately by

independence bodies caused by the loose coordination among ministries/agencies.

GIS is now being applied in many ministries/agencies but at different levels and

accessibility.

2.1 Applied-GIS in Ministry of Natural Resources and Environment

Ministry of Natural Resources and Environment which include the field of surveying and

mapping that belonging to the former General Land Administration is now responsible as

the leading GIS of Vietnam. As comparing with Korea’s NGIS, the GIS application capacity

in Vietnam is far lag behind. However, it’s still necessary to affirm the important role of

surveying and mapping sector of Vietnam even it’s still currently very weak as compare to

other developed countries. Vietnam Department of Surveying and Mapping is now

developing map database for GIS and preparing the national GIS standards; but so far there

is still no national GIS standard for using widely at all.

Ministry of Natural Resources and Environment which include the field of surveying and

mapping that belonging to the former General Land Administration is now responsible as

the leading GIS of Vietnam. As comparing with Korea’s NGIS, the GIS application capacity

in Vietnam is far lag behind. However, it’s still necessary to affirm the important role of

surveying and mapping sector of Vietnam even it’s still currently very weak as compare to

other developed countries. Vietnam Department of Surveying and Mapping is now

developing map database for GIS and preparing the national GIS standards; but so far there

is still no national GIS standard for using widely at all.

The situation of GIS application in a number of institutions under Ministry of Natural
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Resources and Environment can be described as follows:

• Aerial photograph company: its main functions are to compile map of digital images,

scale: 1/2,000 – 1/50,000, digital topographic, cadastral maps, surveying and to

establish coordinate grid and elevation, to set up GIS database for cities. The GIS

software to be used: Intergraph, MapInfo, Arc/Info

• Cadastral and Engineering Survey Company: Its function is to set up coordinate grid

type III, elevation grid type I, II, III and IV by using GPS technology, to conduct

surveys and compile topographic map, cadastral map, database of topography for the

southern provinces. The GIS software to be used: Intergraph, MapInfo, Arc/Info.

• Map publishing house: its functions is to edit and compile topographic map and other

types of map, set up database for map, edit, produce film processing and printing of

maps. GIS technology to be applied: Intergraph, MapInfo, Arc/Info.

• Institute of Geological Information, Archives and Museum: its function is to build a

database of geology at many scales, geological map for many regions; this is one of

the first agencies to apply Intergraph technology.

• Other institutions including agencies, enterprises that conduct survey to compile maps,

cadastral research institute, center of land planning investigation, etc… are state

agencies that perform functions and tasks of building national coordinate system, types

of topographic and cadastral maps, etc…

2.2 Applied-GIS in some Provinces/Cities of Vietnam

Hochiminh city

In land use planning investigation: very few GIS data, mostly digitized maps of existing

land use, remote sensing image, cadastral map, and lack of lack of attribute data such as

population, socio-economic. Topographic base map is made from aerial and satellite image.

At the moment, GIS database have been completed in the field as follows: topographic

base map at scale 1/5000 for entire Mekong River delta, updated topographic map covered

entire south region in scale 1/10,000, topographic and cadastral map of Hochiminh city at

scale 1/5000 and 1/2000. The popular GIS software to be used are: Microstation, ArcGIS,

Mapinfo and the official projection to be used is VN2000 which compatible to global

projection.

In construction planning field in Ho Chi Minh city
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GIS is now being used and trained in some units: Southern branch Institute of

architecture, urban and rural planning, Ho Chi Minh Institute of construction planning,

Planning Faculty (Hanoi Architecture University), etc. Although not many project has

applied GIS into urban planning formulation but it’s still higher than in other provinces.

The difficulty on applying GIS into urban planning is the lack of facilities, a correct policy,

human resource, and data sharing mechanism.

Dong Nai province

Besides Hanoi and Ho Chi Minh city, Dong Nai is one province that apply GIS on

planning information management powerfully. The natural resource and environment

technology center has established a program on land use planning information management

with some major functions such as:

• Querying information, archives, assessing and exporting data, summarizing, reporting

• Searching planning facility from planning database by year, by area, summarizing and

exporting data for report

Figure 1 . Example on GIS system of Dong Nai province

Da Lat city

Da Lat city (Lam Dong province) is good example on applying GIS application in the

field of urban management. The GIS system has been built and succeed with long-term

objectives such as: ensuring the support for professionals in urban management, land use,

construction; supplying modern tools for easy and accurate information updating; ensuring

the ability to look up information quickly in supporting for leaders to have overview and

consistent vision for decision making and execution; enhancing land management efficiency

serving for stable social environment; supporting for real estate market development under

supervision of State.
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Dalat GIS database includes layers such as: cadastral, planning, technical infrastructure,

architectural building , etc. The detail applications are as follows:

• Planning information layers: support the leaders on making ​​a strategic vision on

urban spatial development, land exploitation, territorial expansion

• Land use planning layer: support the leaders to make decision on land management

and construction permit.

• Cadastral layer: allow to overlay with land use planning layer for accurate

determination on the zoning status of land plots in order to decide specific purpose

for each plot: land use rights certificate, construction permits, etc.

• Information of cadastral layer is updated frequently and it’s helpful for monitoring the

adjustment, duplication of lots of land plots and comparing area, land statistics every

year, the suitability of land division in comparing with planning or infrastructure

management (electricity, drainage, sewage, water supply, etc.)

• Searching land status information for real estate market.

Land slot management Housing and construction management

Address management Forest management

Figure 2: Example on GIS system of Da Lat city
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2.3 Overall assessment on applied-GIS development in Vietnam

The National GIS has yet to become the basis for sectors. The digitalized map

compilation using GIS technology is being improved but not enough. Most companies found

the GIS application is necessary and paid much attention to their own fields, however the

multidiscipline link is still weak.

The level of GIS application in many fields are uneven. This can be attributed to different

quick and slow approaches: some agencies were boosted by the foreign projects, resulted in

staffs sent for training and receiving new equipments; some were paid more attention due

to their functions (such as the field of map, remote sensing); software companies have high

level but lack of real practices and data.

Assessed by Traub’s model (1997) with criteria: Technoware, Infoware, Humaware,

Orgaware, preliminary assessment of GIS application’s general level in Vietnam as follows:

• Technoware: Although GIS has been used on Unix workstations, in general, GIS is

only used on PC or LAN network, and in some places it is used by manual ways.

However, technoware (both hardware and software) can be easily imported from

developed countries. For example, these are common software applications in Vietnam:

Imported GIS software, integrated with graphics and database software such as:

ArcInfo, Arcview, ArcGIS, Mapinfo, Intergraph, Microstation, AutoCAD, AutoCADMap,

Access, FoxPro, SQL...; as for domestic products, there is Dolsoft’s software and many

other Software companies.

• Infoware: Because the National GIS database is limited and base maps are still in

completing (including topographic maps, cadastral maps, administrative maps),

currently paper base maps are still in use; whenever needed, the sectors shall digitize

them according to the desired uses. Topographic maps with the scales 1:10000, 1:

25000, 1: 50000, 1: 250000, 1: 500000 and 1: 1000000 are made on a national scale by

specialized agencies under Ministry of Natural Resources and Environment. Recently,

topographic map scale 1/10,000 had been established for entire nation and the scale of

1/2,000 & 1/5,000 for all urban areas and key economical zones are going to be

completed. Remote sensing applications are available to adjust the map efficiently.

There is a shortage of statistics and survey analysis, and no national database clearing

house yet. There are also demands from various sectors for the data standardization

– which has yet to be conducted for sectors nor national scale. The base map

projection is presently united defined as VN-2000.



82

• Humaware: GIS is still not completely popular even only within the research agencies.

Even in the field of territory space research is considered necessary to apply GIS

technology but the level of experts is also very different, not to mention fields that

don’t use GIS application frequently. If considered GIS will be applied in professional

agencies, proficient and fluent skills in both professional and GIS technology are

required, a number of those skillful people are very rare, many people only know GIS

concepts, lack of skillful team; there were some professional staffs who are proficient

in GIS technology and qualify to be key persons, but it is unable to widely deliver

their knowledge to their staffs. Basic knowledge of GIS has been taught in the

universities but it is not sufficient unless the using level is improved during works

performance. Currently, short term training course at training centers have attracted

learners like staffs and students (e.g. DITAGIS, FPT centers). The agencies also focus

on providing on job training courses of GIS for staffs.

• Orgaware: multi-sectoral coordination is very rare and usually implemented through

joint projects. Most project is done independently. GIS isn’t widely applied in agencies

except some individuals who prefer to coordinate internally himself while

implementing projects.

GIS application has been developed in sectors that their respective fields are in charge.

Institutions under Ministry of Natural Resources and Environment are responsible for

compiling base maps – if certain areas or certain scales couldn’t meet demands, other

sectors also will develop it for themselves. GIS also has been applied in the land use

planning, researches on natural resources and environment.

Institutions under Ministry of Construction are in charge of formulating plans for urban

and rural residential areas nationwide and GIS has been applied more or less in each

planning process.

The Institutes under the ministries are in charge of planning has applied GIS and remote

sensing into their works such as: socio-economic planning, transportation planning,

agricultural planning, etc.

The institutes under Vietnam Institute of Science and Technology has applied GIS and

remote sensing in research projects on natural resources and environment.

Local administrations also have developed GIS application in local territory management,

especially in urban management, land use, environment management, notably such as: Ha
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Noi, Ho Chi Minh, Hai Phong, Can Tho city, Lam Dong province (particularly Da Lat city),

Thua Thien Hue, Binh Duong, Binh Thuan province, etc…

In general, the level of using GIS in the professional agencies is still slower than that of

international level, there are some other sectors more or less a bit in certain aspects, but it

only achieve an average level as compared to the world. If problems on equipping facility

can be overcome in a short time, the human resources and database building require much

longer time.

However, Vietnam is now focusing on training human resources in various forms such as

regular, on-job, long and short term, public/private training programs, a contingent of

experts trained abroad and expanding international cooperation is to promote technology in

general and GIS in particular and to quickly get access to advanced technology as well as

experiences learnt from other countries. A pressing concern is to establish National GIS in

combination with sectors and local administrations along with legal background.

Figure 3a: Comparison GIS skill between Vietnam and highest international level.

Figure 3b: Comparison GIS skill among ministries/agencies in Vietnam
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3. Vietnam development strategy on surveying and mapping up to 2020

A good signal has been realized recently when the “Vietnam development strategy on

surveying and mapping up to 2020” was approved by Vietnam Prime Minister on 27th

February, 2008 which could be the foundation for building Vietnam NGIS in the near

future. The main implementation body is the Department of Surveying and Mapping, which

under the Ministry of Natural Resource and Environments (MONRE). The detailed scope of

this strategy is set into 03 development phases: up to 2010, 2011~ 2015 and 2016~ 2020

with financial source from State budget as follows:

(1) First phase - Present to 2010:

• To complete the legal document system, standard system, economical norm on

surveying and mapping.

• To improve the administrative management system on map surveying from local to

central authority.

• To improve the GPS system support for navigation, the remote sensing application

supporting for receiving quickly and precisely the geographic information, to apply

GIS support for geographic infrastructure organization.

• To complete the first phase of the project “Building the projection and coordination

supporting for security and defense”.

• To correct and update topographic map scale 1/50,000 for all country; to construct

geographic information system base on the topographic map scale 1/50,000; to

establish topographic map scale 1/10,000 for entire nation and 1/2,000 & 1/5,000 for

all urban areas and special economical zones; to complete cadastral maps for 20

administration units at provincial level; to establish DEM for all country; to edit

topographical map at small scale and subject map & thematic map.

• To establish seabed map system, river mouth, sea port in supporting for defense.

(2) Second phase - from 2011 to 2015:

• To construct projection, national coordinate point network, national elevation point

network in suitable with international standard.
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Programs Projects Period Current status
I. Program on building legal framework

1 Building Law on Surveying and Mapping(1) 2008-2009 Not completed
2 Building National Standard on GIS 2006-2008 Not completed
3 Building Vietnam Geographical Name for map editing 2005-2009 Not completed

Table 1: Some key implementation projects for Vietnam development strategy on surveying and mapping

up to 2020

• To complete the system of earth information receiving by using satellite, radar, and

laser technology.

• To complete GIS system for the country included earth image from satellite image,

aerial photos, topographic map, seabed map, administrative map, sectoral map, and

DEM model.

(3) Third phase - from 2016 to 2020:

• To complete IT infrastructure integrated with GPS technology, remote sensing and GIS

system in following the international standard that is suitable in Vietnam.

• To complete IT infrastructure for surveying and mapping which includes: coordination

network, elevation and gravity network in an unify national projection and integrated

with international projection; remote sensing image receiving system; to establish active

GI system including common databases, sectors’ maps, subject maps and thematic

maps.

Those main scopes have been developed into more detailed scopes with specific key

projects for implementation. And the two key projects has been being implemented since

2008 are: “Building GIS database at scale 1/10,000 in attached with DEM of entire nation;

and Building GIS database at scale 1/2,000, 1/5,000 of urban regions, industrial zones, and

key economic zones” with the budget of about 25 million USD. The database includes 7

layers as follows: surveying base, resident, road, topography, water, administrative boundary

and vegetation. Those projects have almost completed within early of 2012, the topographic

GIS database of some provinces has been delivered to local Department of Natural

Resources and Environment. Those projects have been succeeded when deliver the GIS

database which conformity with the Vietnam geographical information standard. It will be

used as base map for other ministries/agencies in establishing the Vietnam NSDI.
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II. Program on consolidation of surveying and mapping organization 2009

III. Program on building the national projection, coordination, elevation, and gravity system
1 Completing the national projection system 2011 Unknown
2 Building fixed GPS network of Vietnam 2008-2009 Unknown
3 Completing the national elevation point network 2004-2008 Completed
4 Completing the national gravity point network(2) 2005-2009 Completed

IV. Program on information receiving system and building surveying map databases

1 Building receiving and processing satellite image

station(3)

2005-2009 Completed

2 Building GIS database at scale 1/10,000 in attached

with DEM of entire nation

Start in

2008

Almost

completed

3 Building GIS database at scale 1/2,000, 1/5,000 of

urban regions, industrial zones, and key economic

zones

Start in

2008

Almost

completed

4 Modernizing land management system of

Vietnam(4)

Start in

2008

Almost

completed
V. Program on building national geographic information infrastructure

1 Publishing Vietnam mapping system on Website 2007-2009 Not completed

2 Building the management system on basic

geographic information, surveing and mapping

databases

2008-2011 Not completed

(1) Implemented by Ministry of Natural Resource and Environments (MONRE)

(2) Implemented by Scientific Institute on Surveying and Mapping, MONRE

(3) Remote sensing center, MONRE

(4) Department of Natural Resource and Environments (DONRE) at provincial governments

4. Vietnam urban planning information system

While the development strategy on surveying and mapping is being implemented, each

ministries/agencies has their own plan on building GIS database serving for their

management respective tasks. One of which is the proposal on building Vietnam urban

planning information system hosted by Ministry of Construction.

Currently, Viet Nam has 63 provinces/cities under central government with 752

cities/towns; wide range of construction activities have been being implemented at about

663 new urban areas, over 1000 urban residential areas, 15 coastal economic zones and 253

concentrated industrial zones, etc…; and Ministry of Construction (MOC), a central agency
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under the Government of Viet Nam is responsible for performing the management of urban

development and activities in construction sector.

There haven’t been any central agencies of MOC that serve as an integrated database

center for urban development management in particular or construction sector in general. In

addition, GIS almost hasn’t been applied in the State management at MOC at central level

as well as at Department of Construction (DOC) or local government.

Pursuant to the Directive No 09/2008/CT-TTg dated February 28th, 2008 by Prime

Minister on strengthening urban construction formulation and management, the Prime

Minister has delegated to MOC the following assignments: “Intensively verify, supervise

construction planning management at local level and particularly publicly announce and

provide construction planning information to improve State management efficiency at local

level”; Provinces/Cities under the central government have been entrusted with the

following tasks: “Establishment, arrangement of locations and budget for the database and

information center in the field of planning which is based on the establishment of GIS,

mock-up (model) according to construction planning projects and development situations of

construction investment projects as planned to improve efficiency of information provision of

relevant construction planning and issuing certificate of construction planning”.

In order to develop the geospatial information on urban planning, it’s being proposed the

project on building Vietnam urban planning information system with main objectives as

follows:

• Establish database system on planning and urban development management of

Vietnam

• Establish legal framework, standardize information in planning and urban development

management.

• Provide information of Viet Nam planning and urban development situations at

National Planning Exhibition Palace to satisfy demands of interdisciplinary and

multi-level management; agencies, organizations and citizens in the whole country.

• Strengthen State management capacity in the field of planning and urban development

management in Viet Nam through information technology application.

The project proposal on building Vietnam urban planning information system includes 05

main components:

(1) Establish an integrated database center on planning and urban development
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(2) Set up vertical connection and horizontal sharing amongst central agencies at MOC

and management units at 63 cities/provinces and local governments

(3) Building GIS database on urban development management:

• GIS database on urban development management at central level: database of 752

cities/towns system including: name, urban category, administrative management level,

population, labor force, socio-economic, social and technical infrastructure, 49 index on

urban development management, etc...

• GIS database on urban development management at local level (cities/towns): (first

phase implementation at capitals of 03 pilot provinces)

• Layers & attributes on existing land use (land use code and type using the

MOC classification scheme)

• Layers & attributes on power supply and lighting network (layers of power

station - location, voltage, capacity, status…; power line - type, voltage,

materials, length…; streets with lighting - name of streets, lighting hours, statu

s…; lighting poles - codes, lighting hours, status…; light-control stations - code,

area coverage, type, status…)

• Layers & attributes on greenery network (layers of green spaces - type, area,

status, management…; street trees - code, type, heights, ages, status…)

• Layers & attributes on urban transportation network (layers of road centerlines,

road area, railways, stations, bus stop,..; name, road width, setback line, road

length, materials, road type, other road status, etc.)

• Layers & attributes on water supply network (layers of WS plant - codes, water

sources, capacity, owner…; pipe - code, size, type, length, materials, depth…;

water tower, vaults, fire horses, etc.)

• Layers & attributes on drainage network (layers of drainage lines - code, type,

size, length, materials, depth, slope…; manholes - codes, type, size, elevation,

materials…; wastewater treatment facilities - codes, type, capacity, quality,

owners…)

• Layers & attributes on solid waste management (layers of landfill - location,

type, capacity, environment, status, owner…; waste collection routes - codes,

type, collection time, status…)
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• Layers & attributes on housing address management (layer on housing address -

location, name of road, street, alley, owner, current address, new address,

status,...)

• Layers & attributes on real estate related to license land use rights certificate

(house owner, land boundary, land slot code, land area, building area, floor

area, number of floor, height of building, status, etc.)

• Layers & attributes on building construction for construction permit license

(polygon-type layer of houses, construction permit status, etc.)

(4) Building GIS database on urban planning:

• GIS planning database at central management level (collect and standardize drawings

with linkages to planning information):

• The amendment orientation of Viet Nam urban system development master plan

up to 2025 and vision to 2050

• Inter-Provincial construction planning

• Provincial regional planning, urban master plan for urban category IV and over

• Other master plans managed by central level (e.g. complex economic zone,

frontier economic zone, concentrated industry zone, etc...)

• GIS planning database at local government: master planning (1/10,000, 1/5,000), zone

planning 1/2,000, detailed planning 1/500 (GIS maps, main attributes, explanation

report, approval decision, etc.)

(5) Establish system mechanism, policy, institutional framework and training programs for

capacity building:

• Capacity building on information technology application for management tasks for

central and local staffs

• Mechanism, policy and institutional framework for system operation and maintenance

The first phase of this project will focus on building the GIS database at central

management level and 03 pilot provinces at local level.
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5. Expectation on building Vietnam NGIS

Vietnam NGIS is not built yet, though the digital map is created by GIS application but

it’s not the true geospatial information foundation using in the whole country. As a good

signal recently that is the project on building the topographic map at scale 1/10,000 and

DEM for entire Vietnam and scale 1/2,000 & 1/5,000 for all urban areas and special

economical zones has almost completed and delivered to Departments of Natural Resources

and Environment at Local Government. However, it’s just the base topography map only

and it mostly belongs to the Natural Resources and Environment sector while the sharing

mechanism for common use by other ministries/agencies is not clear at the moment.

Meanwhile, the project on building GIS national standard started from 2008 is now still

in research and not completed yet.

In the same time, other Ministries/agencies are also running their own GIS projects which

also request creating the base map, and the problem that those projects are going to face

with is the waste of money on building overlap base map as well as the potential conflict

on common GIS standard. Since the horizontal coordination among ministries/agencies quite

weak, no national GIS standard yet, and respective database is built almost independently

by separated bodies, the question on how it works when combined all the database to the

national system is still remained.

The key issues and steps for building Vietnam NGIS should include below proposals:

• Establishing a steering committee on building Vietnam NGIS with the present of

leaders and profession board from all related key ministries/agencies

• Building coordination and sharing mechanism for using common database by all

related ministries/agencies

• Defining set of database to be used as common base maps which include: topographic

map at different scale (1/10,000, 1/5,000, 1/2,000) hosted by MONRE and other

necessary layers hosted by other respective ministries/agencies.

• Coordinating closely among inter-ministries for finalizing the national GIS standard

(first phase focusing on the common geospatial database)

• Building the common geospatial database by respective ministries/agencies

• Analyzing and selecting the technology solution, investing & equipping hardware,

software, etc.
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• Building advance geospatial database of each ministries/agencies which conformity

with the Vietnam NGIS and national GIS standard

• Setting up the mechanism on operation, maintenance and updating database

periodically to the Vietnam NGIS.

• Training and capacity building for specific staffs on running the system.

Among above proposals, the two most difficulty to be faced with are the weakness on

horizontal coordination for building the national GIS standard and the sharing mechanism

on common database for using by inter-ministries/agencies.

Another difficulty as if the horizontal coordination and sharing mechanism to be solved

will be the financial source for building database; and lastly will be the technology and

capacity building issue.
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Abstract

This paper reports the results from the 2008 Kobe GIS-Mapping project of people with

special needs in times of disasters, which demonstrates the use of GIS for mapping special

needs populations in order to facilitate community-based evacuation and sheltering

assistance planning. In response to a national government request, Kobe city administration

collated separate social service recipient databases, resulting in an integrated database

involving one hundred and twenty thousand individuals who were considered being

potentially vulnerable in times of disaster. The database identified 4,329 people with

physical disabilities in Hyogo Ward. The 2008 project geocoded and mapped them on land

slide, flood and tsunami hazard layers. 914 individuals were found residing in hazardous

areas. These individuals were visited by interviewers and 612 or 67% responded to a

structured questionnaire which measured demographics (i.e., age and gender), levels of

disability, social isolation, housing fragility, and physical immobility. A social vulnerability

score was then calculated as a function of these five variables for each respondent. As a

result, 17% of those who responded were found the most vulnerable and requiring priority

assistance at times of disaster. Furthermore, a social vulnerability weighted kernel density

map of people with special needs was created. The weighted kernel density map indicated

which particular areas would require more man power for assisting a special needs

population for evacuation and sheltering. After 2011 Great East Japan Earthquake , it
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became evident that recent developments in GIS-based preparedness measures had been

uncritically relying on the assumption that maximum probable event (MPrE) would occur.

In reality, maximum possible event (MPoE) occurred in Tohoku regions. Fundamentally

re-thinking entire hazard estimation process from MPrE to MPoE framework was discussed

in the end.

Key words : persons with special needs in times of disaster, hazard vulnerability, GIS

mapping of social vulnerability, person-in-environment model, maximum

probable event, maximum possible event

1. Introduction and Background

The issue of special needs population gained high attention after 2004 when a series of

natural disasters hit the Japanese Archipelago. Those included July Niigata-Fukushima

flood, October typhoon 23 and October Niigata Chuetsu earthquake disasters, wherein

notably more than 60% of the victims were over the age of 65. As a response to these

tragedies, Japan’s Cabinet Office established a committee on “Communicating Disaster

Information and Evacuation and Sheltering Assistance for the Elderly and Other Population

during Heavy meteorological and Other Disasters.” The committee published the first

edition of the “Evacuation/Sheltering Assistance Guideline for People with Special Needs in

Times of Disasters” in the following March 2005. After the guideline publication, the term

saigaiji-youengosha or People with Special Needs in Times of Disasters (PSND) was

popularized in place of saigai-jakusha or Disaster Vulnerable Population. PSND is defined

as “a person who is able to function daily, whereby living independently given the proper

resources and services when necessary”. In normal time, institutionalized long-term care

services for the elderly and/or for people with disabilities provide a safety net so that their

special needs are met for living independent lives. However, when a disaster strikes, it

becomes extremely difficult for institutionalized cares/supports to reach people in need for a

prolonged period, causing their vulnerabilities to manifest. The emergence of new

terminology, PSND, reflects a shift on the side of society from viewing difficulties

experienced by the target population as being intrinsic to themselves to viewing ones as

products of social interactions that fail to meet special needs in time of disaster (Tatsuki

and Comafay, 2010; Comafay, 2011). Thus, the shift in societal view led a new set of



Evacuation and Sheltering Assistance Planning for pecial Needs Population:

Kobe GIS-Mapping Project of People with Special Needs in Times of Disasters
95

questions, who should take care of people in need when the institutionalized care/support

systems break down in time of disaster?

Following another series of heavy rainfall, flood and land slide disasters in the year 2005,

another Cabinet Office committee conducted field research of the 2005 meteorological

disaster sites and revised the evacuation and sheltering assistance guideline in March 2006.

The 2006 guideline emphasized 1) establishing a special team in each municipal government

that was in charge of coordinating assistance to the target population, 2) encouraging the

information sharing of special needs population within the local government and, if

possible, with local community organizations such as neighborhood associations and

community emergency and response team, and 3) planning individualized evacuation and

sheltering procedures for each PSND.

In the following fiscal year 2006, the committee on PSND continued to work on more

detailed procedures and workflows in order to collect and share information on PSND and

to make individualized evacuation and sheltering assistance plans. In March 2007, the

committee published the “Report on Preparedness Procedures for PSND.” The 2007 report

emphasized the establishment of a system to assist PSND by facilitating cooperation

between the local/municipal government disaster management department and its health

and welfare department. The role of the disaster management department is to provide

local hazard information, while the health and welfare department provides information on

potential vulnerabilities within the target population. The 2007 report encouraged the use

of map where potential vulnerable individuals such as frail elderly and people with

disabilities (PWD) are projected onto multiple hazard layers such as flood, landslide and

seismicity. The map can help identify who are at more risk because of their functional

needs (Kailes and Enders, 2007) as well as of their geographic locations.

Since the publication of the 2006 guideline and the 2007 report, the Fire and Disaster

Management Agency (FDMA) has requested every municipality in the country to formulate

its own master plan that directs policy formation on PSND assistance, to identify potential

target groups, to clarify ways to collect and share their personal information. Based on the

master plan, municipalities have been further encouraged to start project planning to assign

local resident helpers to each individual PSND in time of evacuation. According to the
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survey conducted by FDMA, as of April 1, 2011, 1,262 out of 1622 municipalities (76.8%)

finished formulating PSND assistance master plan and additional 349 municipalities (21.2%)

were expected to finish within one year. Similarly, 864 (52.6%) municipalities reported that

they have finished creating and have been updating the PSND registry. 684 (41.5%)

municipalities said that they were currently in the process of making the registries.

Municipalities have been working hard even on assigning local residents/helpers to each

PSND for evacuation, much more time consuming process. 361 (22.0%) reported that they

have completed the assignment, 998 (60.7%) in the process, and 285 (17.3%) not yet initiated

(FDMA, 2011).

2. Mapping PSNDs as an Effective Counter-Disaster Measure

2.1 Use of Maps to assist PSNDs during the 2007 Noto Peninsula Earthquake

At around the time when the 2007 report was about to be released, the Noto Peninsula

earthquake occurred in March 25, 2007. A study was conducted by Comafay, Tatsuki and

associates (2008) on to find out how PSND, especially the elderly population, was

responded to during the Noto Peninsula Earthquake from the framework of the 2007 report.

A series of workshop was conducted with those who provided assistance, this included

representatives from the public health department of Wajima city, the private long-term care

service providers and local community organizations. The results revealed that, as shown

in figure 1, during the first 10 hours after the earthquake the local community organizations

were first to respond to the most urgent needs of PSND. Meanwhile, the government

organization was able to provide formal services 100 hours after the disaster impact.

Finally, sustained service delivery from the formal organizations increased as those coming

from the community organizations decreased after the first ten hours.
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Fig 1: Responses to PSND during the Noto Peninsula Earthquake by Local Community,

Long-term Care Providers and Health Service Office

It was learned that community-based help for the elderly had been predesigned and

cultivated in Monzen area during normal times by indigenous community-based workers

called minseiiin1) or commissioned welfare volunteers who were active in building

elderly-person-watch networks. The percentage of people over the age of 65 in Wajima

areas2) is very high at 35.2 percent. A way before the 2007 earthquake, the local health

and welfare offices in then township of Monzen (currently a part of Wajima city) launched

an initiative to build elderly-persons-watch networks with the minnseiiin. Even before that,

right after the 1995 Great Hanshin-Awaji earthquake, the local health office in Monzen town

which was one of the most affected areas during the Noto Peninsula earthquake, started

commissioning the minseiiin to create a welfare-map plotting the exact location of persons

with special needs who require constant supervision in their respective area of jurisdiction.

As shown in figure 2, welfare maps are created based on existing residential maps.

Buildings with households are then marked with colors according to 4 categories: a)pink

for bed-ridden persons; b) yellow for elderly persons living alone; c) green for elderly only

1) A m inseiiinor com m issioned welfare volunteer is a comm unity-based volunteer friendly visitor com missioned by the  
M inistry of Health and W elfare to assist and m aintain regular watch over persons with special needs, especially the  
elderly, living in that district.  

2) In February 1, 2006, just a year before the Noto Peninsula Earthquake, M onzen town was merged with the form er city  
of W ajim a city to create a new W ajim a city. 
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households (elderly couples); d) blue for household with disabled persons. Along with the

minseiiin, local volunteers would conduct safety checks and provide services such as

delivering food or helping with their groceries to name a few.

Fig 2: A picture of “welfare map” that are currently used by minseiiins in Monzen area,

Wajima city.

The paper-based welfare map was very crucial because according to the minseiiin,

although they did not need the actual map during the emergency evacuation, making the

maps helped them be better familiarized with the neighborhood. Therefore immediately

after the earthquake they were able to identify the persons with the most urgent needs and

not only that since they had a mental map of the area they also knew their exact locations.

The actual map was later used in guiding the volunteers and health nurses and non-locals

who were not familiar with the area.

The above study has provided empirical evidence that community actors, being

geographically accessible are the most reliable service providers during the first 10 hours

after a disaster strikes. The experience of the service providers during the Noto Peninsula

earthquake also demonstrated the importance of identifying during normal times the PSND

with the most immediate need for assistance. As well as, providing insights on how

mapping the location of disaster vulnerable members of the community would be useful for
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identifying actual locations of those who require immediate assistance. The familiarity of the

people who provided assistance and services, mainly the minseiiin and the local volunteers,

was developed by the creation of paper maps to identify the location and condition of the

special needs population.

2.2 Kobe PSND Mapping Project

Tatsuki and Comafay (2010) reported the 2008 Kobe PSND Mapping Project, which was

characterized by a combined use of GIS and the social survey in order to assess overall

hazard vulnerability of PSNDs. In response to the FDMA request as explained in the

above, 1.5- million-resided Kobe city administration collated separate social service recipient

databases, resulting in an integrated registry involving one hundred and twenty thousand

individuals who were considered being potentially vulnerable in time of disaster. The

registry database identified 4,329 people with physical disabilities in 107- thousand-resided

Hyogo Ward. The 2008 project geocoded and mapped them on land slide, flood and

tsunami hazard layers. 914 individuals were found residing in hazardous areas (see figure 3).

Fig 3: Persons with disabilities living in Kobe’s Hyogo ward (N= 4,411)
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These 914 individuals were then visited by interviewers and 612 or 67% responded to a

structured questionnaire which measured those six variables as demographics, physical

impairment, physical immobility, responsiveness of social environment (social capital), social

isolation and housing fragility (see figure 4). The demographic, physical impairment and

physical immobility variables measured a person factor, social capital and housing gragility

an environment factor, and social isolation a person-by-environment factor.

Age

Gender

Job

Level of Physical Impairments

Types of Impairments

Utilized Home Care Service

Utilized Community Care Services

Utilized Institutional Care Services

ADL Level

Movement Assistance

# of Assistants Required

Equipment for Movement

Walking up & down Stairs

Medical Equipments in Use

Toilet Use Capability

Demographics Physical Impairment Physical Immobility

ZIP Averages of Neighbors

  Greeting & Chatting

  Engaging in Rec. Activities

  Going Out Together

  Exchanging Gifts

  Visiting Each Other

  Taking Care of Each Other

  Helping Each Other

  Becoming Friends

Household Size

Household Type

Key Person Category

Location of Key Person Type of Structure

Age of Building

Building Type

Number of Floors

Bedroom Floor

Social Isolation

Housing Fragility

Social Capital

Fig 4: Variables Measured/Obtained in the Study

The 2008 project was based on the person-in-environment model of vulnerability, which

defined hazard vulnerability (V) as a function of hazards (H), person (P), and environment

(E) factors or V = f(H, f(P, E) as illustrated by figure 5.
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Fig 5: Person-in-Environment model of mapping hazard vulnerability

Based on the model, respondents’ scores for each factor/component were calculated from

social survey results and they were plotted as shown in figure 6.

Fig 6: Componet vulnerability scores mapped on to hazard layers
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Finally an overall vulnerability score was then calculated as a function of hazards and the

six variables for each respondent. As a result, 17% of those who responded were found

the most vulnerable and requiring priority assistance in time of disaster (see figure 7).

Fig 7: Overall vulnerability scores mapped on to hazard layers

Furthermore, a social vulnerability weighted kernel density map of people with special

needs was created (see figure 8). This map indicated which particular areas require more

human resources for assisting a special needs population for evacuation and sheltering. The

project product maps helped representatives from special needs groups, community

emergency response teams, community social services, and emergency management centers

initiate evacuation and sheltering assistance planning in the project areas.
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Fig 8: kernel density estimation weighted by overall vulnerability index

The 2008 Kobe PSND mapping project was an attempt that aimed to provide a

standardized method using individual social vulnerability mapping as analysis tool to

identify more comprehensively the risks that could affect a given community. This could

help different stake holders, special needs groups, community emergency response teams,

community social services, and emergency management centers initiate evacuation and

sheltering assistance planning in high risk communities.

3. Toward a Refinement of Person-in-Environment Model: Maximum

Probable to Maximum Possible Event Framework

Despite recent developments of PSND counter-disaster measures as illustrated in the

abvoe, serious problems confronted municipalities, communities, PSNDs and their families at

the onset of March 11 Great East Japan Earthquake Disaster. Three reconnaissance missions

conducted by the author team in March and April identified several challenges on

counter-disaster measures for PSNDs. One of these challenges demanded re-thinking ”correct”

hazard estimates in the person-in-environment model of hazard vulnerability (Tatsuki, 2011).
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Recent developments in preparedness measures for PSND in Japan have been uncritically

relying on the assumption that hazard maps represent “correct” estimates of future

hazardous events. As figure 9 in the below illustrates, this turned out to be a horribly

wrong assumption. Hazard maps were created according to maximum probable event

(MPrE) framework. In reality, however, maximum possible event (MPoE) has occurred in

Tohoku regions. This has tremendous implications for fundamentally re-thinking entire

hazard estimation process from MPrE to MPoE framework.

Fig 9: Tsunami hazard map and actual inundation east of Rokugo Junior high school,

Wakabayashi ward, Sendai city

In the previous section, the person-in-environment model of hazard vulnerability (V) was

introduced as a function of hazard (H), person (P) and environment (E) factors or V = f(H,

f(P, E)). In practice, hazard factor was estimated by maximum probable event framework

and therefore the model could be represented as V = f(MPrE, f(P, E)). The challenge here

is to replace maximum probable event hazard estimate with an alternative hazard estimate

by incorporating maximum possible event framework. The modified person-in-environment

model will therefore be represented as V = f(MPoE, f(P, E)).
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1. Introduction

The interest on spatial information increases according to the development of information

and communication technologies. Such an interest is now spreading out to building for

research collaboration network and data sharing. In the environment of globalization, the

construction of global research network is a basic infrastructure that improves national

knowledge competitiveness. For efficient global research network, it is required to

investigate and analyze the cases of researchers, research institutes, and research

organization in advance. The purpose of this paper is to suggest the methods on building

the global geospatial information research collaboration network based on the foreign

countries' cases and domestic status analysis.

2. Cases of Building Global Geospatial Information Research Collaboration

Network

In world wide, research collaboration network has been constructed in the fields of

education, science, medical care, and environment. The representative examples of global

geospatial information research collaboration network are the EuroSDR(European Spatial

Data Research) and the Setinel Asia. The EuroSDR deals with collaborative research on
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Commission Theme

Commission 1

Sensors, Primary Data Acquisition and Georeferencing

- Sensor orientation and calibration

- Accuracy and reliability of orientation, calibration and georeferencing

- Earth Observation platforms

- Standards for sensor orientation and calibration

Commission 2
Image Analysis and Information Extraction

- Information content of multi-spectral, multi-sensor, multi-resolution, and multi-temporal

Table 1: Composition of EuroSDR Commission

spatial information and the Sentinel Asia focuses on environmental problems in Asian

regions. The domestic geospatial information research collaboration network has been led by

institutions related to production, management, and research of geospatial information.

2.1. EuroSDR

EuroSDR is the representative institution composed of 17 countries in Europe and it

produces and researches national geospatial information. EuroSDR is now supporting the

development of geographic information sciences according to social change and the

development of ICT. It also connects research fields related to production, management and

distribution of geospatial information through the international collaboration.

Fig 1: Members of EuroSDR and EuroSDR Homepage
※ EuroSDR Homepage http://www.eurosdr.net/

EuroSDR was founded for global research collaboration and have dealt with collaborative

works related to standards and specifications of OGC, ISO, and CEN. EuroSDR hosted

several workshops and published official reports on research collaboration. A collaborative

research is performed by five sub-commissions.
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imagery.

- Methods and algorithms for automated acquisition of geospatial data and the description of
data quality.

- Methodology for the integrated acquisition and update of geo-spatial data from imagery
and additional information.

Commission 3

Production Systems and Processes

- Semi-automatic and automatic feature extraction.

- Evaluation of performance (time, costs, versatility) of current production processes

- Incorporation of multi-spectral image sources.

- Incorporation of multi-sensor data in production.

- Quality assurance in production processes

- Change Detection - Transformation of 2D datasets in 3D datasets

- Data models for national data sets - Incorporation of user generated content

- Incremental updating - Data harmonisation processes

- Formulation of data archiving policies for geospatial data and meta-data

Commission 4

Data Specifications
- Data/information structures (incorporating data models and classification mechanisms)

supporting interoperability between and sharing of geodata from different sources

- Linking & integrating data in registers and geodata,

- Linking & integrating 3rd party data.

- Developing the height and temporal component of spatial data models

- Deriving smaller scale datasets/products from the definitive database.

Commission 5

Network Services
- Methods and mechanisms for integrating core (framework) data with other

geoinformation and business (or value-added) data, both by data linking and by
interoperable data access. (Strong interaction with Commission 4)

- Harmonisation requirements on core data, including cross-jurisdiction issues.

- The adoption of new delivery mechanisms, including mobile communications and
distributed spatial data infrastructures, and their effect on the business models and
practices of NMCAs

- Methods and mechanisms for delivery of metadata with emphasis on discovery and
registry services and data quality information

- Multi-purpose deployment of data, including schema translation services and semantic
query

- Applications of visualisation technology to geoinformation data and added-value
refinements

2.2 Sentinel Asia

The Sentinel Asia was founded by the Asia-Pacific Regional Space Agency Forum

(APRSAF) to support disaster management activity in the Asia-Pacific rims by using the

WEB-GIS technology and space based technology, such as earth observation satellite data.

Currently Sentinel Asia has 78 JPT(Joint Project Team) members(67 organizations from 24

countries/regions and 11 international organizations).
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No.
National/

Region
Organizations

1 Australia
CSIRO Office of Space Science and Applications (COSSA), 2 other

organizations
2 Bangladesh Bangladesh Space Research and remote Sensing Organization (SPARRSO)

3 Bhutan Ministry of Home & Cultural Affairs, 2 other organizations
4 Brunei Survey Department, Ministry of Development

5 Cambodia Ministry of Land Management, Urban Planning and Construction

6 China National Disaster Reduction Center of China (NDRCC), 4 other organizations

7 Fiji Fiji National Disaster Management Office (NDMO)

8 India Indian Space Research Organisation (ISRO), 2 other organizations

9 Indonesia
National Coordinating Board for Disaster Management (BAKORNAS PBP), 4

other organizations

10 Japan Keio University, 4 other organizations
11 Kazakhstan National Center of Space Reseaches and Technologies (NCSRT)

12 Korea Korea Aerospace Research Institute (KARI)

13 Kyrgyz Central Asian Institute of Applied Geosciences (CAIAG)

14 Lao P.D.R Ministry of Labor and Social Welfare, 1 other organization

15 Malaysia National Security Division, Prime Minister's Department, 2 other organizations

16 Mongolia National Remote Sensing Center of Mongolia (NRSC)

17 Myanmar Department of Meteorology and Hydrology, 1 other organization

18 Nepal Department of Water Induced Disaster Prevention, 2 other organizations

19 Philippines
Office of Civil Defense-National Disaster Coordinating Council (NDCC), 7 other

organizations

20 Singapore
Centre for Remote Imaging, Sensing and Processing (CRISP) National University
of Singapore

21 Sri Lanka Survey Department of Sri Lanka, 1 other organization

22 Taiwan National Applied Research Laboratories (NARL), 1 other organization

23 Thailand
Geo-Informatics and Space Technology Development Agency (GISTDA), 6 other

organizations

24 Vietnam Vietnamese Academy of Science and Technology (VAST), 4 other organizations

25
International

Organization
Asian Institute of Technology (AIT), 10 other organizations

※ Sentinel Asia Membsrs https://sentinel.tksc.jaxa.jp/sentinel2/MB_HTML/JPTMember/JPTMember.htm 

Table 2: Sentinel Asia Members

In view of these circumstances, the APRSAF proposed a new project called “"Sentinel

Asia”" in 2004 to showcase the value and impact of earth observation technologies,

combined with near real-time Internet dissemination methods and Web-GIS mapping tools

for the disaster management support in the Asia-Pacific rims. Its aims are: to improve

safety in society using ICT and space technology, to improve the speed and accuracy of
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disaster prevention and early warning, to minimize victims and social/economic losses.

Main activities of Sentinel Asia are as follows: Emergency observation by earth

observation satellite in case of major disasters, Acceptance of observation requests, Wildfire

monitoring and Flood monitoring, Capacity building for utilization of satellite images for

disaster management, Operations of Sentinel Asia have been commenced since October 2006

by opening its Web site. (http://dmss.tksc.jaxa.jp/sentinel)

Fig 2: Sentinel Asia Homepage Fig 3: Emergency Observation

Sentinel-Asia is “voluntary organization” led by the APRSAF to share the disaster

information in the Asia-Pacific rims to make the best use of earth observation satellite data

for disaster management in the Asia-Pacific region by applying remote sensing technology,

GIS technology, and ICT. The concept of Sentinel Asia is shown in <Fig 4>.

Fig 4: Concept of Sentinel Asia
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Sentinel Asia is promoted under collaboration among the following four communities as

shown in <Fig 5> (Space Community (APRSAF); International Community (UNESCAP,

ASEAN and AIT etc.); Disaster Reduction Community (Asian Disaster Reduction Center and

its member countries); and Digital Asia Community (Keio University etc.)). To support the

implementation of the Sentinel Asia project, a “Joint Project Team (JPT)” was

Fig 5:: Framework of Sentinel Asia

Sentinel-Asia deals with only disaster-related data / images in the Asia-Pacific rims,

which are wanted for participating organizations on best-efforts and voluntary basis from

the viewpoint of contribution to disaster management in that region.

A millionth digital map stored in Digital Earth server in Keio Univ. provided by NGA

(National Geospatial-Intelligence Agency), which covers the whole Asia area (as a default)

2.3 Collaborative Research Network in Korea

For building international collaborative network about Spatial information, Korea hold an

international seminar related to production·management·research of spatial information. At

this international seminar many korean researchers and international experts discussed and

shared their knowledge of spatial information. For building international collaborative

network about Spatial information, organize international seminar's related to spatial

information research organized by KRIHS(Korea Research Institute for Human Settlements)

since 1996. The theme of the 15th international seminar is 'International Collaboration for
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Global Geospatial Information Society'. <Table 3> shows the history of 'GIS International

Seminar'

Number Theme Field

1st(1996) Strategies for NGIS Development NGIS Development

2nd(1997) GIS Applications in the Public Sector GIS in Public Sector

3rd(1998) GIS Development Strategies for the 21th Century GIS Future View

4th(1999) GIS in Local Government GIS in Local Gov

5th(2000)
Toward a Knowledge-based Society: NGIS Policy and

technological Development
NGIS Policy

6th(2001) Present and Future of GIS Technologies GIS Technologies

7th(2002) GIS Workshop & Seminar GIS Industry

8th(2003)
Envisioning Cyber-geospace and Spatially enables

E-government
Cyber-GIS

9th(2004) Emergency and Disaster Response with GIS Disaster GIS

10th(2005) NGIS Policy in Ubiquitous Computing Environment Ubiquitous GIS

11th(2007) Collaborative GIS toward the Geospatial Information Society Collaborative GIS

12th(2008) NSDI Policy for National Spatial Data Integration NGIS Policy

13th(2009) The World Geospatial: Trends and Prospects
GIS Industry and

Technologies

14th(2010) GI Application Strategies for Realizing SMART KOREA Smart GIS

15th(2011)
International Collaboration for Global Geospatial Information

Society

International

Collaboration for GIS

Table 3: GIS International seminar history

3. Plan for Global Geospatial Information Collaborative Research Network

The global geospatial information collaborative research network previously implemented

consisted of voluntary members and has helped to increase the global competitiveness by

securing professionalism in geospatial information related fields.

But in Korea, that is hard to expect international experts participation in Korea geospatial

research fields. Thus, before building a plan for global geospatial information collaborative

research network, Korea needs to strengthen the collaboration of geospatial information

related institution at the national level first. With this in mind, Korea should initiate

international collaborative research projects, or hold continuous collaborative seminars with
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national and international research institutions in order to improve national research

standard and to enhance the international academic information sharing.

For a stable international collaborative research network, a stable managing system is

needed. For Korea, Ministry of Land, Transport, and Maritime Affairs(MLTM), and National

Geographic Information Institute(NGII)—institutions in charge of production and

management of national geospatial information—as well as Korean Research Institute of

Human Settlement(KRIHS)—institution in charge of research of national geographic

information—should work together to come up with a national collaborative research

network. In addition, over a long term period, a plan for international collaborative research

network should be proposed.

Fig 6:: The establishment of a research collaborative network about spatial information

3.1 Strengthening Collaborative Research Network of National Geospatial Information

Before proposing a collaborative research network of geospatial information at the global

level, strengthening of collaborative research network at the national level is needed.

Currently, research institutions and universities are doing the geospatial information related

researches led by the Korean government.

In order to strengthen the collaborative research network of national geospatial

information, the related R&D businesses and companies should be supported, and all
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research information should be shared through international seminars.

For such, MLTM, NGII, KRIHS, and other institutions with the right tools and

information should collaborate to come up with a plan for managing the collaborative

research network at the national level and to motivate voluntary participation of universities

and enterprise affiliated institutions—which will lay the foundation for proposing a plan for

international collaborative research network. Level 1 is shown in <Fig 6>.

3.2 Plan for Geospatial Information Collaborative Research Network of Asia

In order to come up with a global geospatial information collaborative research network,

institutions that support national collaborative research network provided at level 1 as well

as the network of Asian research institutions should work together.

Currently, research networking opportunities such as ‘GIS International Seminar’ and other

agreements such as MOUs should be used to come up with the international collaborative

research network institutionally. Geospatial information collaborative research network of

Asia should promote active partnership between countries and research institutions under

agreement. Level 2 is shown in <Fig 6>.

3.3 Plan for Global Geospatial Information Collaborative Research Network

In order to come up with the global geospatial information collaborative research network,

the collaboration with geospatial information related research institutions of European

countries, American countries, and other countries should be induced.

By organizing joint researches and international seminars with geospatial information

related researching communities within Europe, North America, and other regions, the

research network can be created. Through the institutional collaboration, the global

geospatial information collaborative research network can be implemented. Level 3 is shown

in <Fig 6>.

4. Conclusion

The competitiveness of national geospatial information is sharpened through the

establishment of strong foundation of GIS technology by MLTM, NGII, KRIHS, and other

related research institutions, and also, the basis of collaborative network is established by



116

holding more than ten years of international seminar.

For the global geospatial information collaborative research network, it is necessary to

strengthen the collaborative research network at national level, and in five years the

collaborative research network of Asia should be established. Once the level 2 is

accomplished, the collaborative research network at global level by networking with

European and North American countries should set sail. By 2020, the accomplishment of

level 3 is projected. In order to come up with geospatial information collaborative research

network at all levels, the sharing of technology and information is essential at institutional,

national, and international levels.

Finally, it is necessary to point out that fields related to global issues—such as the

environmental issues(sustainable development, green development, public safety and

smart-city) and the new geospatial information related technological issues(platform

technology and high-precision spatial information technology)—should be a part of the

collaborative research.


