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1. INTRODUCTION 
 
Asia-Pacific is the most disaster-prone region of the world. In recent years, it has faced a series of 
multiple exogenous shocks that transcend geographical boundaries and endanger our communities. 
The poor and the vulnerable are the ones most affected. Despite the rapid economic growth in the 
region, many developing countries are increasingly vulnerable to disasters, and the magnitude and 
frequency of extreme disasters are estimated to rise due to the effects of climate change. This 
necessitates building resilience of the region to extreme disasters in multi-dimensional ways. 
 
Over the past few decades, Space technology and Geographic Information Systems (GIS) 
applications have become indispensible part of the modern information society. As disasters 
become more and more frequent and intense, the demand for these technologies is increasing in 
order to save lives, to minimize economic losses and to build resilience of the Asia-Pacific region. 
It is imperative that the policymakers and decision makers make concerted efforts to widen and 
deepen the use of space technology and GIS applications in the Asia-Pacific region to mitigate the 
effect of disasters. 

1.1. Importance of space and GIS applications 
 
Space technology and GIS applications play a crucial role in mitigation of disasters. Space-based 
technologies such as Earth observation satellites, communication satellites, meteorological 
satellites and global navigation satellite systems (GNSS) have played an important role in risk 
reduction and disaster management. They are key tools for comprehensive hazard and risk 
assessments, response, relief and disaster impact assessment. Space-derived and in-situ geographic 
information and geospatial data are extremely useful during times of emergency response and 
reconstruction, especially after the occurrence of major events such as earthquakes or floods (UN 
OOSA, 2013). In the case of large urban areas with a high population density, the use of these 
technologies can provide crucial information such as number of damaged buildings, affected 
populations and hazardous sites that can trigger secondary disasters. GIS are also utilized for urban 
planning, development and management of infrastructure and civil services. There is an urgent 
need to promote the applications of such technology by urban planners, engineers, and decision 
makers to innovate and improve resilience of the urban environment (UNISDR, 2013). Remote 
sensing, GIS and allied disciplines can be used in many areas such as: 
 

• Assessment of crop area extent 
• Management of water resources 

• Yield assessment studies 
• Land suitability assessment for agriculture 
• Disaster Management 
• Precision agriculture 
• Urban Planning 

 
Space based information and products are effectively being used for early warning and monitoring 
of slow onset disasters as well as rapid onset disasters. In case of certain hazard such as floods and 
droughts, for example, the MODIS Aqua and Terra products are available free of charge and can 
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be used to improve the monitoring and forecasting services. Applications of space technology and 
GIS can thus, provide accurate warnings of impending disasters, help map out hazards and 
vulnerabilities for evidence based policymaking and planning and help in disaster impact 
assessments for effective disaster risk management at the regional, sub-regional and national 
levels. Innovative technologies, especially space technology and GIS, play important roles among 
policymakers and decision makers to apply their knowledge and experience in building resilience 
to disasters. These applications can thus be effectively used in all stages of disaster management: 
preparedness, mitigation, response, relief and recovery. 
 

1.2. Use of space based information for disaster risk reduction and sustainable 
development 

 
The outcome document of the United Nations Nations Conference on Sustainable Development, entitled 
“The future we want”,1 and the United Nations system report on the post-2015 development agenda entitled 
“Realizing the Future We Want for All”, clearly recognized that the use of space technology and GIS 
applications can contribute significantly to disaster risk reduction and management.  
 
In recent times, Earth Observation data has played a key role in integrat ing climate change adaptation 
(CCA) and disaster risk reduction (DRR) through resilient land use planning in key sectors of development 
such as agriculture, water, environment, and energy among others. The convergence between DRR and 
CCA processes has been observed in certain types of projects that need to be recognized for scaling-up and 
replications in the region, especially through regional cooperation (Lal, et al. 2011). These are: Integrated 
Coastal Zone Management, Watershed Development Programme, Land Use Planning in areas sensitive to 
climate and disaster risks, River-basin Floodpla in Management and Integrated Drought Mitigation. It is 
important to highlight that Earth Observation (EO) information products form the essential components to 
realize such projects.  
 
The Hyogo Framework for Action 2005-2015, calls for the integration of disaster risk reduction into 
sustainable development polic ies and planning. Use of space technology, GIS and geospatia l data could 
assist countries in achieving progress under the Hyogo Framework for Action. All disaster risk management 
interventions start from updated hazard, vulnerability and risk assessments, which are the products derived 
from space applications. These products are the key inputs for implementing resilient land use planning as 
well as integrating disaster risk reduction and climate change adaptation in key development sectors.  

1.3. Current status 
 
The Asia-Pacific region has made significant progress in the area of space technology and GIS applications. 
There are numerous earth observation satellite resources and GIS data resources that can be used in the Asia 
and the Pacific region. Comprehensive observation satellites, including multispectral, hyperspectral and 
radar satellites with high spatia l resolution and high temporal resolution, are available from the satellites of 
China, India, Japan, Republic of Korea, Russian Federation, Thailand, Vietnam and other countries in the 
region. There are many good practices, lessons and experiences in the use of space technology and GIS 
applications that can be shared among the countries in the Asia-Pacific region. 
 
However, most Asia-Pacific countries especially the LDCs, LLDCs and SIDS, do not currently have their 
own space technology for disaster risk reduction and susta inable development, a lthough there is an 
increased level of awareness among these countries about the potential benefit from the use of these 
technologies. The countries that do not have space assets and institutional capacity can benefit greatly from 

                                                 
1 General Assembly resolution 66/288, annex. 
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existing regional/international cooperation for capacity building and technology transfer, such as the free 
remote sensing data.  These data, upon the analysis, can be used for hazard zonation, vulnerability and risk 
assessment for resilient development planning.  
 

1.4. Challenges 
 
Despite several efforts, harnessing the potential of space technology and GIS applications for D isaster Risk 
Reduction and Management (DRR/M) continues to be hindered in many developing countries, particularly 
in countries with specia l needs (CSNs) in the Asia-Pacific region. Space technology and GIS applications 
continue to be underutilized primarily because of the lack of capacity in developing countries in terms of 
human, scientific, technological, organizational and institutional resources; lack of access to high resolution 
data, low expertise for the operational applications of these technical tools, lack of shar ing of such data and 
lack of appropriate polic ies.  
 
Institutional challenges: Many developing countries and least developed countries in the Asia-Pacific 
region do not have the institutional capacity for the effective application of space-based products. 
Moreover, the different ministr ies and departments often work in silos with no proper coordination or data 
sharing mechanisms in place. Steps should be taken to ensure the sharing and use of geospatia l information 
within Ministries/Departments. National Spatial Data Infrastructure (NSDI) needs to be promoted to enable 
the data sharing more effectively. Countries such as India, China, Japan, Republic of Korea, Thailand and 
Malaysia, a lready have well established NSDI and other countries such as Philippines, Indonesia, Iran and 
Mongolia are in the process of establishing the ir NSDI. The NSDI can help in good governance of crucial 
geospatial data between national, provincia l and local governments. 
 
Affordability and lack of technical capacity: Though a number of space-based products are now available 
free of costs, space agencies face challenges in providing a large amounts of data free of charge. For most 
of the countries in the Asia-Pacific region, especially the countries with specia l needs (CSNs), the 
availability of high-resolution data and radar satellite data still remains a challenge due to their relative ly 
prohibitive cost. Even if the data are made available, many countries lack the technical capacity to analyze 
and use the data effectively. Low level of internet penetration due to the digita l divide in many developing 
countries exacerbates the problem even further. 
 
Policy issues: Effective application of space technology and GIS in a country needs both access to key 
technical and information resources as well as appropriate institutional arrangement to make it applicable 
and affordable to substantive ly supporting relevant decision-making. When most of the countries in the 
Asia-Pacific have built capacities for satellite data application in disaster reduction and management, a lot 
of these activities still remain at pilot or experimental stages and without susta inability. One major reason is 
the lack of policy and subsequent institutional arrangement at national level. Due to lack of appropriate 
policies despite the increase in availability of data and information, knowledge and expertise related to 
DRR/M, such information do not effectively reach the relevant decision makers. Moreover, lack of clear 
policies leads to duplication and delay in coordination mechanisms. Considerable base line data and maps 
are available with line ministries and different departments of Governments in developing countries in this 
region. There is a need to share those data for maximizing inter-sectoral benefits. 
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2. Sound practices  
 
This technical paper presents some of the sound practices in using space technology and GIS applications 
for DRR drawing from developed as well as developing country examples. These case studies and best 
practices highlight the important role of space technology and GIS applications in mitigating the damage 
and losses from various severe disasters such as floods, earthquakes and drought that perennially affect the 
region as well as for natural resource management and climate change adaptation for susta inable 
development. In the case of certain disasters such as earthquake, which are almost imposs ible to predict, 
these technologies can be successfully used for disaster impact and damage assessment and for 
reconstruction activities.  
 
The case studies are listed down in terms of var ious direct and indirect application of Space technology and 
GIS in areas such as early warning, monitoring, r isk assessment, damage assessment and mapping of severe 
disasters such as floods, f lash floods, earthquakes, drought and well as for natural resource management and 
climate change adaptation for achieving sustainable development goals. 
 
The cases were chosen based on the following criteria :  

(i) Timely provision of satellite data at real time or near real time to mitigate the damage and losses from 
the disaster   

(ii) Effective policies and institutional mechanisms in place for the use of space technology and GIS 
applications  

(iii) Potential to replicate the good practice to other countries in the region in case of similar disasters 
(iv) Broadening and deepening the use of space technology and GIS applications through regional 

cooperative mechanisms 

2.1. Use of remote sensing and GIS tools for monitoring and mapping risks 
 
Remote Sensing (RS) and GIS tools are often used to better comprehend different terrain, climatic and 
socio-economic exposures through monitoring, mapping and modeling risks (APDR, 2012). These 
applications can thus provide important information to governments and decision makers to send support 
and relief to the affected areas and can also help researchers and scientists to better understand the root 
cause of such occurrences (Ibid.). 

2.1.1. Russian heatwave in 2010 

 
The example of the Russian heatwave in 2010 is a case in point. Russia experienced anomalous weather 
conditions from June 2010 until September 2010 when it was hit by an extreme heat wave that caused the 
highest temperatures recorded in 130 years. The figure 1. shows the Temperature Anomalies in 2010- 
Temperature from July 20–27, 2010, compared to those for the same dates from 2000 to 2008. The 
anomalies are based on land surface temperatures observed by the Moderate Resolution Imaging 
Spectroradiometer (MODIS) on NASA’s Terra satellite. Spatial and temporal comparisons of satellite 
imagery highlighted the vast geographical areas suffering from the heat waves and thus facilitated timely 
provision of support to the affected population in those areas. Furthermore, MODIS data was also used to 
create a satellite vegetation index image to highlight the damage done to plants throughout the southern 
parts of Russia. Space technology was used by scientists to further research the cause of the Russian 
weather anomaly and to assess the predictability of such extreme events in future. 
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Figure 1: shows the  regions in Russ ia that experienced the weather anomaly 
 

 

 
Source: NASA Earth Observatory (2010)2 
Space technology was used by scientists to further research the cause of t he Russian weather anomaly and to assess the predictability of such 
extreme events in future. 
 

2.1.2. Use of EO products for humanitarian assistance and damage and needs assessment 
(DNA): Pakistan floods 2010  

 
The following case study is a very good example of how EO products were used for humanitarian 
assistance and preliminary damage and needs assessment with the help of regional cooperation mechanisms.  
 
Case Study: The historic Pakistan floods 2010, which affected more than 20 million people, consumed 
around 2000 lives and caused unprecedented damage and losses to the economic and social assets, 
witnessed extensive use of EO products in support of humanitarian assistance as well as preliminary 
damage and needs assessment (DNA). In fact, the flood waves, which started from July and continued till 
October-November 2010, were captured by constellation of 17 satellites with more than a combined total of 
22 sensors – their products were available in the public domain (f igure 2.). The large variety of value added 
products facilitated informed decision making processes at various levels. At the country level, the Space 
and Upper Atmosphere Research Commission (SUPARCO), the space agency of Pakistan worked closely 
with Pakistan’s National Disaster Management Authority (NDMA) and provincial governments to provide 
the EO information products, which served as the only re liable means of information pertaining to the flood 
extent and damage to the infrastructure and agriculture (Iqbal, 2011). 
 
 
 
 
 
 

                                                 
2 http://earthobservatory.nasa.gov/IOTD/view.php?id=45069 
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Figure 2: Map of the Pakistan Floods of 2010 
 

 
 
Source: UNITAR/UNOSAT image. http://unosat-maps.web.cern.ch/unosat-
maps/PK/FL20100802PAK/UNOSAT_PAK_FL2010_EarlyRecoveryOverview_v2_LR.pdf (accessed on 15th November, 2013) 

 
 
Role of space technology applications in humanitarian assistance   
 
SUPARCO played an important role in the disaster relief exercise by using satellite remote sensing 
monitoring technology to provide timely situation update reports to the relevant stakeholders. The Pakistan 
floods were also a good case in point of the effective use of regional cooperation mechanisms in using 
space technology and GIS applications. For example, the existing mechanism viz., International Space 
Charter, Sentinel Asia, UNITAR, and UNSPIDER helped in providing near real-time access to EO products 
to the end-users such as Relief agencies of Government of Pakistan, UNOCHA, WFP, UNHABITAT, FAO, 
UNICEF, INGOs and Red Cross Society. These products served the purpose of rapid mapping for impact 
assessment, leading to information support for search, rescue, relief and rehabilitation. The geo-referenced 
products were the key inputs for flash appeal and helped in better targeting to address the emergency needs. 
These products were put to use beyond humanitarian response and were integrated for more substantive 
benefits during the process of recovery and reconstruction.  
 

Post-disaster damage and needs assessment  
 
After the Pakistan flood, ESCAP organized a Regional High-level Expert Group Meeting to Reduce Flood 
Disaster Risk in Pakistan on 9-10 November 2010, in Islamabad, Pakistan. During this meeting, 
consultations on the status of early recovery and reconstruction efforts and possible regional cooperation 
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with key stakeholders and partners were conducted; information on the findings of assessments conducted 
by various organizations on the floods in Pakistan were shared with Government officia ls from the 
ministries and provinces. This meeting provided a unique regional platform to the senior Government 
offic ials and experts to learn from each other through exchange of information and experiences in critical 
disaster risk reduction strategies in light of the region’s experiences with major f lood disasters and to foster 
regional cooperation in the integration of effective disaster risk reduction strategies into recovery and 
reconstruction plans. 

 
In addition, a Joint team comprising of experts from ADB, the Government of Pakistan and World Bank, as 
a part of preliminary damage and needs assessment (DNA), utilized earth-observation (remote 
sensing/satellite) information products for damage assessment. The team commissioned SUPARCO to 
produce independent va lidation data on the damage caused by the inundation. This mapping effort was 
conducted in collaboration with the UN Institute for Training and Research (UNITAR), the Operational 
Satellite Applications Programme (UNOSAT), the European Commission (EC) Joint Research Centre 
(JRC) and the WB GFDRR. GIS and satellite imagery was used to map the extent of inundation and to 
estimate the detailed damage to housing, agriculture, and transportation facilities in twenty sample tehsils3. 
 

Mainstreaming space technology applications  
 
With the experiences of using EO products extensively during the 2010 f loods, the Government of Pakistan 
has now established a task force prior to monsoon season to plan for disaster management support using 
satellite derived data in case of flooding in any part of the country. The task force ensures the availability of 
updated base line data such as population, infrastructure etc. The task force has developed the standard 
operating procedures and made appropriate arrangements for the provisioning of satellite derived maps and 
situational update reports to the concerned federal and provincial government departments and international 
agencies. A joint project on flood preparedness has now been put in place to capitalize on more effective 
utilization of satellite based information and locally available expertise and experiences to address the flood 
response programme in the country. Post the 2010 floods in Pakistan, policymakers have recognized the 
importance of developing the mid term and long term capacities to cope with disasters as well as effective 
adaptation to climate change through the space technology applications. 
 
Lessons learnt for future response  
 
One of the key challenges during the Pakistan flood was the lack of coordination between the National 
Disaster Management Authority (NDMA) and Provincial Disaster Management Authority (PDMA) due to 
the 18th Constitutional Amendment of 2010 that resulted in devolution of power for disaster management 
from the federal to the provincial level. This resulted in lack of coordination, confusion and delays in taking 
immediate decisions. However, there were also successful coordination mechanisms utilized, such as the 
various clusters at the federal and regional hub levels, and the Strategic Leaders Forum. Pakistan’s NDMA 
has learned much from the experiences of the 2010 floods to enhance future response to disasters. When 
Pakistan experienced the Dalbandin earthquake in 2011, the response was more immediate and the 
coordination procedures had been strengthened with stakeholders acting accordingly (NDMO, 2013). This 
helped in bringing the situation under control.  

2.2. Role of space technology and GIS applications in early warning system 
 
Space technologies have an essential role to play in monitoring and providing early warning to vulnerable 
communities at risk. They can also facilitate the transmission of warnings across continents using satellite 
communications and help in the identifying the location of critical infrastructure such as hospital, bridges 

                                                 
3 Pakistan floods 2010: Preliminary Damage and Needs Assessment, ADB, Govern ment of Pakistan and World Bank 
Report, 2010, http://gfdrr.org/gfdrr/s ites /gfdrr.org/files /publication/Pakistan_DNA.pdf 
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and schools. Lack of early warning and monitoring along with poor urban planning and preparedness, can 
increase the magnitude of casualties and damage. During the recent cyclone Phaillin that hit the state of 
Orissa in India, in October 2013, the Indian authorities were applauded for making effective use of early 
warning systems that helped in early evacuation and thus saving many precious lives. Almost 1 million 
people were successfully evacuated from the state of Orissa and Andhra Pradesh following the warning of 
the cyclone by disaster management authorities. Thus, space based technologies, through timely provision 
of reliable data can help in minimizing the economic losses and damages. 
 
Hydro-meteorological events such as floods, tropical cyclones and landslides triggered by rain or floods are 
most prevalent in the Asia-Pacific region. Globally, floods are the most frequent disaster type (CRED, 
2008), and in some parts of the world also the most costly. Global warming, with the associated sea level 
rise has added to the widespread risk of these disasters. The weather services in many countries monitor the 
synoptic weather situation and the levels of major rivers, and are thus able to provide reliable and timely 
warning of floods (UNOOSA, 2010). However, these services are typically limited to urban areas around 
major rivers due to the prohibitive costs involved or the lack of resources. Thus, the rural areas especially in 
LDCs usually do not benefit from these technological advances. 
 
The following case study examines the successful use of a low cost, community Local flood early warning 
system (LFEWS) in parts of rural Philippines, a country that suffers perennially from floods. The project 
has been replicated in seven other watersheds in the same region and a cost-benefit-analysis estimated that 
the investment costs are recovered after eight years by reduced losses due to timely warnings.  

2.2.1. Local flood early warning - case study of rural Philippines 

 
The Philippines is one of the most disaster-prone countries in the Asia-Pacific region suffering constantly 
from the vagaries of frequent natural disasters. Typhoons are common in Philippines and every year the 
country has suffered unprecedented loss of life and property due to the resultant floods, landslides and 
mudslides. The poor are the most vulnerable to these disasters and each disaster erodes their coping 
capacity to deal with the next one.  
 
The Philippine Atmospheric, Geophysical and Astronomical Service Administration (PAGASA) is 
responsible for weather and flood forecasts, and uses well instrumented and automated systems for major 
rivers in Philippines. However, such systems are not used to monitor smaller rivers due to lack of resources 
and practicality. Since 2006, GIZ partnered with DOST- PAGASA to introduce Local flood early warning 
system (LFEWS) in the region. While establishment of early warning systems does not reduce the flood 
hazard it can reduce damages from flooding and other hazards to protect the economic and environmental 
gains of the region. It allows the inhabitants of the flood prone areas to be better prepared to cope with the 
disaster by moving the ir valuable assets to safety. Moreover, LFEWS also helps in efficient land use 
planning by preventing settlement in most hazardous areas. 
 
The Binahaan River, which has a history of frequent flooding, was chosen as the first site for the 
establishment of a local f lood early warning system (LFEWS) in Region VIII of the Philippines. The initial 
investment for the LFEWS (15,000 Euro) was paid by GIZ and the provincial Government of Philippines 
provided running costs. 
 
The system consists of rain and river level gauges, an Operation Centre (OC) near the watershed where data 
are received, analyzed and the decision about a warning is taken. A communication chain down to 
household level facilitates the transmission of the warning (Figure 3). The LFEWS also includes evacuation 
routes, evacuation centres and emergency response capacity such as search and rescue teams. They, in turn, 
contributed to the establishment of the system with some community-based approaches. This included 
hazard mapping with GPS and the development of disaster preparedness plans at village levels. Most steps 
of the communication chain use mobile and landline phones, as well as radio communication. Households 
are often informed w ith be lls or megaphones, which is a simple but robust method. 
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Figure 3: Binahaan watershed flood early warning system communication flow 
 

 
 
Source: GIZ, (2012). LFEWS Local Flood Early Warning System. Deutsche Gesellschaft  für Internat ionale Zusammenarbeit  (GIZ) GmbH, Manila, 
Philippines 

 
Since its establishment, the LFEWS has been replicated to seven other watersheds in Region VIII of 
Philippines. Successful impact of the LFEWS includes improved institutional arrangements of the local 
government and increase in public awareness. Stakeholders have brought to light that they have not lost any 
life since they used the system (GIZ, 2012). During the February 13, 2012 f lood, 40 families received early 
warning and had safely evacuated in time (Ibid.). 
 
It is difficult to identify the flood prone area due to the dated topographic maps and limited socio-economic 
data. Satellite data should be used to fulfill this gap. Moreover, the local capacity to use geoinformatics for 
LFEWS is growing slowly but limited to a small number of institutions and universities. More training 
facility and capacity development should be provided to enhance the use of RS and GIS tools. 
 

2.3.  Use of space technology for earthquake damage assessment and 
Earthquake relief 

 
Hazard mapping and damage assessment are crucial to mitigate the risk from natural disasters such as 
earthquakes which are almost impossible to forecast. The Asia-Pacific Region has constantly suffered from 
catastrophic earthquakes due to the geological structure of this region. Many countries in this region, lie 
close to the tectonic fault lines and hence are extremely vulnerable to earthquakes. Post-disaster 
assessments can play a crucial role during relief operations and can also help in preventing secondary 
disasters by identifying hazardous zones. These tools are slowly becoming more effective at setting 
recovery agendas to reduce the risks people face from future disasters. Remote sensing technology is 
increasingly recognized as a valuable post-earthquake damage assessment tool. 
 
During a major disaster such as earthquake the surveying and mapping can play a significant role in disaster 
condition detection, disaster evaluation, decision making and post disaster recovery. The following two case 
studies from the Sichuan region in China highlight the crucial role of integrated advanced geographic 
information technologies during the response and relief and reconstruction operations of the Wenchuan and 
Lushan earthquake. In a disaster situation, decision makers need up-to-date and reliable information, 
particularly the geospatial information to make decisions quickly and take the appropriate and timely action. 
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Poor or non-interoperable information exchanges between the stakeholders can be counter productive. Thus 
an efficient and effective coordination mechanism should exist between the disaster risk management 
authorities and their service providers. 
 
In the first case study, National Administration of Surveying, Mapping and Geoinformation of China and 
other departments integrated advanced geographic information technologies including remote sensing (RS), 
GIS and thematic mapping to provide the fastest relief, damage assessment and reconstruction possible 
through effective coordination mechanism. In the second case study, the authorities quickly developed a 
geographic information porta l of Lushan earthquake within 24 hours after the earthquake to timely publish 
crucial information to the public. 
 
2.3.1. Case study I and II:  role of space technology and GIS applications during Wenchuan 

Earthquake, 2008 China and the Lushan Earthquake, 2013 in China 
 
A catastrophic earthquake known as the Wenchuan Earthquake with a magnitude of 8.0 on the Richter scale 
struck Wenchuan County, Sichuan Province, China in 2008. The earthquake was the most destructive 
earthquake to have struck the region since its founding in 1949. Following the earthquake the Chinese 
government organized the fastest relief operations to save as many lives as possible and to mitigate the 
losses. The National Disaster Reduction Centre of China (NDRCC) immediately put in place the emergency 
space technology support operations, to provide timely information and effective technical support for 
national disaster relief (Li et al. 2010). An integrated geospatial information system was established 
immediately after Wenchuan Earthquake in order to support disaster relief, damage assessment, and post-
earthquake restoration and reconstruction.  
 
The geospatial information system comprised three essential components: geospatial data acquisition and 
updating, cartographic support, and ad-hoc spatia l decision support systems (SDSSs). Administrative 
boundary maps, topographic data, and orthophotos were provided to rescue operators and disaster staff 
immediately after the earthquake. Updated data were provided by acquiring large-scale new images and 
creating image maps covering the affected area (Chen et al. 2011) 
 
The catastrophic earthquake had severely destroyed the critical infrastructure of the region, especially the 
transportation and communication systems making it difficult to de liver disaster relief teams and facilities 
to some worst affected areas. Reliable and updated updated geospatia l information was therefore critical for 
understanding the scope of this event and for making t imely spatial dec isions. 
 
Timely acquisition of images: Within the first two hours, the NDRCC sent requests for EO images of the 
earthquake affected region to the “International Charter on Space and Major Disasters” and to domestic data 
providers (Li et al. 2010).Within 24 hours of the requests, the first two images were acquired and a total of 
1257 images from 24 satellites and 12 countries were acquired, which inc luded 635 newly acquired images.  
 
Acquiring high resolution images through collaborations: Through a collaborative effort with 
organizations such as the International Charter on Space and Major Disasters, airborne sensors were used to 
acquire new high-resolution imagery covering the affected area. The earthquake and its aftershocks 
triggered numerous secondary disasters, such as landslides, mudflows, and quake lakes (Wang et al. 2009).  
Large-scale landslides, quake lakes, damaged bridge, and disturbed vegetation were easily observed and 
studied from these newly acquired high resolution images.  
 
Creation of comprehensive spatial database: Important background data such as geographic data, 
spatially related socia l statistical data and images of the earthquake affected area, were formatted-processed 
and uploaded into the comprehensive spatial database in NDRCC for further applications. Further 
information such as number of collapses houses (Figure 4), landslides, destroyed roads, quake lakes and 
other changes to features were extracted using the methods of information enhancement and changing 
detection. 
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Figure 4: Status of collapsed buildings in Dujiangyan in the  Wenchuan earthquake 
 

 
 
Source: GGIM, 2013. Chengdu Forum on United Nations Global Geospat ial Information Management. Presentat ion on Geospat ial Platform for 
Urban Hazard and Disaster Management  

 
Creation of e mergency assessment map: The integrated emergency assessment map at county level was 
produced based on interpretation of the remote sensing images, background data and disaster information 
data. The assessment of affected people and damaged houses at different levels were displayed on the 
disaster map and used by state councils for effective reconstruction and recovery planning. Image maps at 
scales 1:25,000 and 1:5,000 were further produced to accommodate non-expert users. 
 
The early response action by the Chinese government contributed largely to saving further lives and 
economic assets. The satellite images allowed the decision makers to quickly assess the risk and issue 
timely and reliable warning to mitigate the damage and loss. The, integrated GIS system played a crucial 
role in the different phases of disaster relief, damage assessment, and post-disaster reconstruction by 
allowing better situation awareness, helping to provide adequate crisis response and facilitating optimal 
spatial decision-making. Following the Wenchuan earthquake disaster in 2008, western China has built the 
world’s largest earthquake early warning system network that can provide Earthquake Early Warning 
service to High-speed railway, subway, Chemistry factories, nuclear stations, etc. to save lives and reduce 
secondary disasters (Didi, 2013).  
 
Case study II - Lushan County Earthquake, Sichuan Province China 
 
In 2013, the Lushan County the Sichuan Province of south west China was struck by an earthquake 
measuring 7.0 in the Richter scale. Due to the smaller magnitude and the post-2008 rebuilding, local 
facilities such as infrastructure and major buildings were not hit as severely as the Wenchuan quake.  
Moreover, rapid relief and damage assessment was provided by the authorities to mitigate further losses 
from secondary disasters. 
 
High-resolution images were obtained 7 hours after the earthquake and thematic maps were compiled and 
provided to related departments for evaluation, decision making and deployment of resources.  High-
resolution images such as the zonal images of the provincial roads (figure 5) provided assistance in repair 
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work and managing secondary damages along the roads. Based on the acquired images, professionals 
conducted geological hazard interpretation and early warning. Approximately 3,200 km2 area in images 
were interpreted, and 1,901 potentia l hazard sites were found. Over 50 thematic maps for earthquake relief 
work, which greatly benefited earthquake relief commanding and reasonable resource deployment. 
 
Figure 5: High Resolution, zonal images of 210 provincial roads 
 

 
 
Source: GGIM, 2013. Chengdu Forum on United Nations Global Geospat ial Information Management. 
Presentation on Application of Emergency Safeguard of Surveying and Mapping in Disaster Prevention and Mit igat ion. 

 
Development of a Geo-portal: In the first 24 hours after earthquake, the Chinese Government developed a 
geographic information porta l of Lushan earthquake (Figure 6) to timely publish the disaster images, 
interpreted results of potential secondary disasters, thematic maps for earthquake relief work, and real-time 
traffic condition in disaster areas. 
 
Figure 6: Images from the Geo Portal of Lushan Earthquake 
 

 
 
Source: GGIM, 2013. Chengdu Forum on United Nations Global Geospat ial Information Management. Presentat ion on Applicat ion of Emergency 
Safeguard of Surveying and Mapping in Disaster Prevention and Mitigat ion. 
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2.4. Role of space technology applications in early warning and monitoring of 
slow onset disasters such as drought 

 
Drought is a slow onset insidious hazard that has long-term socio-economic ramifications even though the 
risks associated with drought are often invisible. Due to the indirect nature of loss, the impact of drought is 
highly underestimated. Globally drought is the second most geographically extensive hazard after flood, 
i.e., covering 7.5 per cent and 11 per cent of the global land area each (ESCAP, 2007). It has been estimated 
that droughts are the world’s costliest natural disaster, accounting for 6-8 billion US dollars annually, and 
impacting more people than any other form of natural disaster (FAO, 2012).  
 
Figure 7: Number of geo-referenced drought disasters recorded in EMDAT 1974-2007 
 

 
 Source: UNOCHA, (2009) based on EM- DAT: The OFDA/CRED International Disaster Database 

 
Countries in the Asia-Pacific region face tremendous challenges in the area of drought monitoring and early 
warning. Before the advent of satellite based remote sensing, most of the drought indices were based on 
ground based sources lacking accuracy. With remote sensing technology, countries can now combine space-
based information products with ground-based information for accurate and appropriate decision-making. 
Satellite sensor data are available for a larger geographical area and can be used for detecting the onset, 
magnitude and duration of drought with greater accuracy. 
 
Country examples from Mongolia and India have been chosen to demonstrate the good practice for drought 
monitoring and assessment in the region. Both the drought countries are effectively using space based 
products to successfully monitor and assess drought even though the nature of drought is different for both 
the countries. India through its “National Agricultura l Drought Assessment and Monitoring System 
(NADAMS)” has been making notable progress in drought assessment and monitoring. New drought index 
such as Shortwave Angle Slope Index (SASI) that is more sensitive to surface wetness/dryness is being 
used for detecting early season drought conditions in India. Mongolia on the other hand has been effectively 
using socio-economic data since the past 10 years for evidence based disaster planning and policymaking 
for monitoring drought/dzud disaster.  
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2.4.1. Drought/dzud monitoring in Mongolia 

 
Mongolia is a landlocked country in Asia that suffers from severe disasters such as droughts and dzuds. Due 
to climatic and ecological changes, the incidence of droughts and dzuds has become more frequent. Dzud is 
a complex, long-lasting natural disaster that evolves dynamically through several spatial and temporal 
scales. It is marked by severe drought conditions in summer followed by heavy snowfall and unusually low 
temperatures in winter. Exposure to such extreme weather conditions affects the animals most, and the 
herder communities. 
 
Using remote sensing data for drought monitoring: The National Remote Sensing Centre of Mongolia 
has been developing local capability for drought monitoring by using modern space science and remote 
sensing technology. The National Remote Sensing Center has scientific agreement with NASA on 1km 
AVHRR data archive. The National Remote Sensing Center also has bilateral cooperation with the Center 
for Environmental Remote Sensing of Chiba University of Japan (APRSAF, 2013). The remote sensing 
data are being used successfully for the Drought Assessment and Monitoring System by combining satellite 
and ground data collected over the past 10 years in Mongolia.  In the coming years the NRSC will also 
develop new products for drought monitoring such as MODIS drought map and develop new indices such 
as crop moisture index and aridity index (NEMA, 2010).  
 
Regional cooperation for drought monitoring and assessment: With the help of ESCAP’S Regional 
Cooperative Mechanism for Drought Disaster Monitoring and Early Warning, Mongolia is now working 
towards developing the methodology in using the moderate resolution imaging spectroradiometer (MODIS) 
for making drought maps to include an increased number of parameters such as vegetation health, soil 
moisture content, and precipitation. Mongolia has also established a prototype Geo-porta l with the help of 
ESCAP’s training and capacity building programme. 
 
Figure 8: Drought Index in Mongolia using Remote sensing data 
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2.4.2. Role of space technology applications in drought assessment and monitoring System 

in India 
 
After the phenomenal drought during 1987 which affected most parts of India, the then National Remote 
Sensing Agency (NRSA) started research activities to monitor agricultural drought using space technology 
(NNRMS, 2013). The sustained research efforts evolved a national level drought monitoring system named 
as “National Agricultural Drought Assessment and Monitoring System (NADAMS)”.  
 
The methodology of NADAMS had progressively improved from time to time keeping pace with the 
research and development results. Till 2003, Normalized Difference Vegetation Index (NDVI) was largely 
used for drought assessment. After 2003, the methodology had been continuously augmented with new 
indices and bio-physical products. With the launch of Resourcesat-1 in 2003, SWIR based Normalised 
Difference Water Index (NDWI) had complemented the existing NDVI based assessment (NNRMS, 2013). 
MODIS data utilization had started in 2004 and enabled generation of both NDVI and NDWI at 3 spectral 
resolutions – 250 m, 500 m and 1000 m (Ibid). 
 
NDWI is very useful in identifying the crop liquid water stress particularly in the early and late part of the 
season. In addition to NDVI and NDWI, geospatial products like AMSR-E soil moisture, TRMM Rainfall, 
NOAA CPC rainfall forecasts are being used for drought assessment in NADAMS. From 2010, an angular 
index “Shortwave Angle Slope Index (SASI)” derived from NIR and two SWIR bands has been adopted in 
NADAMS. SASI is more sensitive to surface wetness/dryness and hence is a potentia l index for detecting 
early season drought conditions. 
 
NADAMS of NRSC successfully incorporated different satellite derived indices, geospatia l products to 
represent soil moisture and crop status during the season, showcased the operational robustness of 
geospatial approach and strengthen the drought assessment mechanism in the country. NADAMS had 
undergone many methodologica l improvements since its inception in 1987. WiFS and AWiFS data from 
IRS satellites have brought a remarkable change in the drought assessment perspective of NADAMS. The 
transfer of NADAMS to user department – MNCFC of Ministry of Agriculture, Government of India is a 
success story of yet another remote sensing application project. 
 

2.5. Role of space technology for natural resource management and 
environmental monitoring 

 
Space technologies play a significant role in the area of natural resource management and environmental 
monitoring. Remote sensed data provide information on natural resource inventory, which is the basic 
information required for any resource planning. They provide crucial information required for studying, 
watershed management, land cover, land use, soil, agriculture monitoring, hydrography, geology, 
mineralogy, land degradation, and environment. Satellite data can be also utilized in qualitative and 
quantitative assessment of soil erosion through spatia l modeling.  
 
The following two case studies from Vietnam and Nepal highlight the effective use of space technology for 
natural resource management and environmental monitoring. Vietnam and Nepal are both amongst the least 
developed countries in the Asia- Pacific region, and have been using space technology and GIS applications 
effectively for their national resource monitoring programmes, and can be applied to local s ituation in other 
less developed and developing countries in the region. Vietnam is one of the upcoming space faring 
countries in the region and with the acquisition of its first remote sensing satellite, VNRED Sat-1, Vietnam 
has become the fifth ASEAN nation to own a remote sensing satellite after Thailand, Indonesia, Malaysia, 
and Singapore (geospatialworld, 2013). 
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Case study example  I: Project of Vietnam small satellite for natural resource, environment & disaster 
management (VNREDSat-1) – 2010/2015 

 

 
 
 
The model of VNREDSat-1, Vietnam’s first remote  sensing satellite 
 
Recently, Vietnam Government has been promoting research and application of space technology for 
natural resource, environment and disaster management. Space Technology applications are successfully 
being used for wildfire detection, soil erosion, natural resource management and disaster monitoring such as 
flooding. The VNREDSat-1 project, one of VAST’s prioritised projects, is a stepping stone to form the 
Vietnamese system of earth observation small satellite systems in order to realise the “National strategy for 
research and application of space technology until 2020”. The success of VNREDSat-1 project will 
contribute efficiently to respond to Vietnam’s natural disasters and global weather changes needs and hence 
accelerate economic development in the country. To operate the VNRED Sat-1, Vietnam has built three 
ground stations and sent 15 engineers to Toulouse, France, to be trained in operating related systems 
(APRSAF, 2012). The VNREDSat-1 project utilizes all the existing infrastructure of the satellite image 
receiving, archiving and processing system of the Ministry of Natural Resources and Environment, that 
builds up, for the first time in Vietnam, a complete monitoring system from the satellite to ground receiving 
stations together with a processing and distr ibuting centre of remote sensing data. Vietnam is also using EO 
small satellite data (VNREDSat-1) and physic methods for water quality research and management at 
Mekong river mouth of V ietnam. 
 
Case study example II: use of Earth observation satellite and global positioning system for 
community forest management programme in Nepal 
 
In a mountainous country like Nepal, forest plays a significant role in the rural economy. The community 
forest program in Nepal is one of the world's best management practices adapted by the Government of 
Nepal and provides a good example of the use of space based products through the participatory community 
involvement. Nepal has well utilized Earth Observation Satellite products that are used in natural resource 
monitoring for susta inable development. Forest resource mapping by Earth Observation satellite and Global 
Positioning system is now a days, a key tool for forest management in the nation. The Department of Forest 
Research and Survey has been incorporat ing Earth Observation satellite imageries in forest survey and 
plans to use it for mapping activities in future.  
 
In the recent years the Department of Forest has also established a real-time Wildfire Monitoring system 
with the help of ICIMOD (International center for International Mountain Development) using recent Earth 
Observation data. They use MODIS imageries for detecting and mapping out forest-fires for early warning 
systems. 
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2.6. Use of space technology and GIS applications in climate change 
adaptation (CCA) 

 
Synergies between DRR and CCA are imperative to avoid duplic ities and to derive maximum benefit from 
scarce resource. There are enabling mechanisms for DRR and CCA through integration of appropriate 
technologies such as early warning systems and Doppler weather radars (DWR). Further, the tools and 
techniques used for DRR such as early warning systems, hazard, risk and vulnerability analysis, risk 
assessment and monitoring, r isk mitigation as well as response strategies need to be integrated with CCA 
strategies in the critical sectors like food, water and environmenta l security, agriculture, forestry, tourism, 
etc. There are many good practices of such integration that can be replicated. 

2.6.1. Integrating climate change risk to resilient island planning in M aldives 
 
In 2011, the Government of Maldives partnered with Regional Integrated Multi-hazard Early Warning 
System (RIMES) to take appropriate steps to mitigate the impact of climate change on the small island state 
that is made up of 1200 low lying islands (RIMES, 2012). Efforts were made to statistically downscale the 
global climate change models (GCMs) incorporating historical data and reports addressing climate change 
concerns in the Maldives, and by analyzing extreme climate change risks for the Maldives. Thirteen 
participants from the Maldives Meteorological Service (MMS) and the Environment Ministry were 
provided training to analyze extreme climate events and to use EO products and GIS based tools to 
visua lize future climate change scenarios together with statist ical tools to examine extreme climate events 
linked to temperature and rainfall changes. 
 
The project was commissioned to RIMES as a component of “the Integrating Climate Change Risk into 
Resilient Island Planning in the Maldives”, a government initiative with UNDP Maldives support. The 
project aims to enhance capacity of national, provincia l, atoll and island authorities and civil soc iety leaders 
to integrate climate risk information into policy, planning and investment decisions. The project also 
focuses on integrating climate risk planning into key national policies that govern or impact land use 
planning, coastal protection and development.  
 
In January 2012, as a way of reducing its vulnerability by identifying the risks, impacts, mitigation and 
adaptation options to climate change, the Government of Maldives and the United Nations Country Team 
embarked on the “Low Emission Climate Resilient Development (LECReD)” Programme for Laamu Atoll 
in the South Central Province of Maldives. RIMES products in terms of downscaled climate change 
scenarios up to year 2080 for all the islands provided the critical scientific inputs for developing the 
LECReD project. It also facilitated integrating approaches related to energy security, rising sea levels, water, 
sanitation, livelihoods, food security, human health, governance, disaster risk reduction and natural 
resources.  
 
By effectively demonstrating climate resilient development in an integrated manner in the selected atoll, 
LECReD aims to generate a robust climate resilient development model for the Maldives, with best 
practices to be replicated across all atolls.  
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3.  Enhance the regional cooperation in Asia and the Pacific 
 
Regional and subregional cooperation has become increasingly critical in sharing good practices and 
enhancing the capacity of member States in the active use of space-based information, near real-time 
satellite imagery and data, including scale, geographic coverage and maps, as well as learning from good 
policy practices. Even if individual countries possess their own space infrastructure they can still benefit 
from well-established regional and international cooperation mechanisms through sharing good policies, 
expertise and practices, strengthening capacity-building, conducting regional/subregional joint training 
programmes, and carrying out joint actions on regional disasters in a particular area of mutual interest. 
Countries obtain benefits from these international and regional cooperation mechanisms, such as near real-
time satellite imagery and other essential space-based information products and services, in order to forecast 
and respond to, or recover from, region-wide disasters, such as typhoons, floods, drought and forest fires. 
However these regional mechanisms and activity programmes often fail to have a significant impact on 
account of lack of coordination and harmonization. 
 
Against this backdrop, member States have tasked ESCAP to take the lead in implementing the Asia-Pacific 
Plan of Action for Applications of Space Technology and Geographic Information Systems for Disaster 
Risk Reduction and Sustainable Development, 2012-2017 (hereinafter, “Asia-Pacific Plan of Action”) at the 
regional level, to harmonize and enhance existing regional initiatives, to pool expertise and resources at the 
regional and subregional levels and to act as a clearing house for good practices and lessons.  
 
ESCAP has undertaken several initiatives to implement the Asia-Pacific Plan of Action with focus on: (a) 
capacity-building to address the main technical gaps in developing countries in their use of space 
technology and GIS applications in disaster risk reduction; (b) research and policy analysis on the 
application of emerging technologies; (c) provision of near real-time satellite imagery to the countries 
affected by severe disasters; and (d) standardization of operating procedures on drought monitoring and 
early warning that will be rolled out shortly in the region.  
 
ESCAP through its long standing Regional Space Applications Programme for Sustainable Development in 
Asia and the Pacific (RESAP) provides a platform to policymakers to facilitate data access and promote 
regional space cooperation for development. It provides valuable services such as capacity building, timely 
provision of near-real-time satellite imagery and advisory services to the member States affected by 
disasters. These programmes are delivered in collaboration, or as part of, the Regional Space Applications 
Programme for Sustainable Development (RESAP) of ESCAP, and in close collaboration with: United 
Nations Institute for Training and Research (UNITAR) and its Operational Satellite Applications 
Programme (UNOSAT); United Nations Platform for Space-based Information for Disaster Management 
and Emergency Response (UN-SPIDER); International Charter Space and Major Disaster (the Charter); 
Asia-Pacific Space Cooperation Organization (APSCO); Sentinel Asia; and Regional Integrated Multi-
Hazard Early Warning System for Africa and Asia (RIMES). 
 
ESCAP has been promoting the Regional Cooperative Mechanism for Drought Monitoring and Early 
Warning under RESAP to enable drought-prone agrarian economies to build resilience against drought 
disasters. Until the December 2013, two important service nodes of the mechanism have been put in place 
in China and India for the provision of space-based data and products to drought-prone countries, starting 
with a pilot in Mongolia which is to be extended to Cambodia , Myanmar and Sri Lanka as requested and 
will be extended to other drought prone countries in the Asia-Pacific region. The mechanism will offer 
customized geo-referenced satellite data, drought products and services emanating from the constellations 
of earth observation satellites to enhance the capacity of drought-prone countries for more efficient 
monitoring, early warning and drought mitigation.   
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4. Conclusion 

 
The Asia-Pacific region has been suffering from mult iple exogenous shocks in the past few decades. The 
overlapping and interlinked nature of these shocks calls for a comprehensive approach to build resilience of 
the region to these shocks. Space based information and products and services play a crucial role in 
strengthening the much needed cross-sectoral linkages in support of disaster risk reduction, response, 
recovery and long-term development planning. Member states in the region should make concerted efforts 
to fill the gaps in institutional arrangements for the effective application of these technologies and take steps 
to mainstream disaster risk reduction polic ies into their development plans. There are many good practices 
in the region for effective application of space technology and GIS and it is imperative to enhance and 
facilitate the sharing of information and good practices so that they can be scaled up and replicated by other 
countries. The regional cooperative mechanisms play a crucial role in this regard and efforts should be 
taken to strengthen and harmonize these efforts in order to widen and deepen the use of space and GIS 
technology to achieve inclusive and sustainable development. 
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