
                                              

Disaster Damage and Loss Assessment in

Natural Heritage and Cultural Sites

using Geospatial Techniques

11th September to 2

                                      

                                                                                      

Short Course 
on 

Disaster Damage and Loss Assessment in

Natural Heritage and Cultural Sites

Geospatial Techniques 

Dehradun, India  

September to 2nd October, 2016  

 

                                                                  

 

Disaster Damage and Loss Assessment in 

Natural Heritage and Cultural Sites 

 



                                                                                                                

Table of Contents 
 

 

Summary of Training ...................................................................................................................... 1 

WEEK 1: CSSTEAP at Indian Institute of Remote Sensing (IIRS), Dehradun……………………2 

WEEK 2: UNESCO C2C at Wildlife Institute of India, Dehradun………………………….……10 

WEEK 3 – Field Visits to Institutions and WHS in New Delhi, Agra & Bharatpur……………..17 

Practical Sessions conducted at IIRS………………………………………………………………20 

Practical Sessions conducted at WII……………………………………………………………….23 

Feedback form  Analysis…………………………………………….................................................25 

Annexure 1 - Photos from the training workshop ................................................................... 27 

Annexure 2 - Newspaper Reports ............................................................................................ 30 

Annexure 3- Programme Schedule ......................................................................................... 31 

Annexure 4 – List of Participants ............................................................................................... 34 

Annexure 5 - Practical Exercise and Group Exercise Formats.............................................. 36 

 

  



1 
 

Summary of Training   

World Heritage Properties are the sites having global significance in terms of cultural and 

natural legacy. These irreplaceable sources of services are valued across the national boundaries 

for their Outstanding Universal Values (OUV). These properties are important for national and 

local community in terms of identity, pride and social cohesion. Resources existing for several 

years like heritage sites / properties are facing numerous threats in terms of climate change, 

natural or man-made hazards, developmental pressures and so on. UNESCO along with other 

technical experts and institutions is protecting these sites through identification, inscription on 

UNESCO World Heritage Sites (WHS) list and periodic monitoring. Management of these sites 

in the current scenario requires an integrated approach where modern tools like Remote Sensing 

and Geographic Information System (RS-GIS) play an instrumental role. This field of science 

provides valuable information of a system over a period of time and spatial span. It uses 

remotely sensed satellite data and Ground-derived data to make assess status and trend of a 

system without virtually damaging it. RS-GIS can be administered into various fields of science, 

policy and socio-economic studies. It can be used for ecological, atmospheric, geological, 

oceanography, disaster management, anthropogenic studies etc.  

This course integrates applications of RS-GIS in Disaster Management by assessing 

damage & loss incurred in WHS. The course is designed to take place in three parts to 

accommodate course objectives through exposures to theoretical concepts, practical exercises, 

institutional visits and field work on Disaster Damage and Loss Assessments in UNESCO World 

Heritage Sites.  
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WEEK 1: CSSTEAP at Indian Institute of Remote Sensing (IIRS) 

Part-1 of the course held at Indian Institute of Remote Sensing (IIRS) which was focused 

on technical concepts of Remote Sensing and Geographic Information System (RS-GIS) and its 

scope of applications in the field of management and conservation of WHS. It covered topics 

related to Role of RS-GIS in heritage mapping, Mapping of vegetation in World Natural 

Heritage Sites (WNHS), Biodiversity characterization in WNHS, Identification and protection of 

Global Biodiversity Hotspots, Valuation of Ecosystem Services in World Heritage Sites (WHS), 

Microwave Remote Sensing and Ground Penetrating Radar (GPR) techniques in assessing 

damage in Cultural Heritage Sites (CHS), Use of Terrestrial Laser Scanner (TLS) and Close 

Range Photogrammetry (CRP) in CWHS, GIS for disaster and assessment in Heritage Sites and 

crowd sourcing for management of WHS using open source GIS softwares etc. Part-1 consists of 

14 lectures and 6 practical exercises and demonstrations. These sessions provided a 

comprehensive understanding on basic RS-GIS concepts and its different uses in Cultural and 

Natural Heritage Sites management. 

 

Lecture 1: Overview on the use of Remote Sensing (RS), Geographic Information System 

(GIS), Global Positioning System (GPS) in Natural Resource Conservation and Assessment 

Speaker: Dr. Sarnam Singh, IIRS 

Natural Resources like Agriculture, Minerals, Water Resources, Forest and Biodiversity 

etc. are essential life supporting assets. But the advancement of human civilization has adverse 

impacts on these natural resources which require immediate addressal in the form of 

conservation and protection. The conservation of these resources means proper utilization and 

effective management in traditional and advanced ways. One of the advanced measures includes 
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application of Remote Sensing (RS), Geographic Information System (GIS) and GPS for 

identification, assessment and conservation of the resources. In the lecture, an overview of RS-

GIS, its genesis, various types of RS techniques and applications were discussed. Application of 

RS-GIS in monitoring of ecosystems with respect to health, topography, climate, land use-land 

cover changes, hazards and mapping could be done for effective management of interested areas. 

Lecture 2: Role of RS-GIS in Heritage Mapping 

Speaker: Mrs. Shefali Aggarwal, IIRS 

The lecture gave a detailed outline of RS-GIS science and the role of earth observations. 

It included concepts like basic principles electromagnetic radiations, scattering and reflection, 

RS platforms, sensors and characters. In depth description of sensors characters like temporal, 

spatial, spectral and radiometric resolutions having wide applications for heritage sites study was 

also given. Speaker emphasized on advantages of RS-GIS in terms of monitoring of heritage 

sites to assess the integrity of the sites. Temporal studies of sites like Virunga National Park, 

Iguazu National Park and Uruk-Warka in Baghdad were shown in the presentation which 

displayed the effective use of RS-GIS in managing WHS.  

Lecture 3: Earth Observation for Vegetation type and Density mapping in the Natural 

Heritage Sites. 

Speaker: Dr. Hitendra Padalia, IIRS 

Vegetation mapping presents valuable information which is essential for ecological 

studies. The lecture was focused on application of RS techniques in studying vegetation types, 

quality, cover, areas, and other factors. It is important to map current status of vegetation in order 

to manage and monitor the status of an ecosystem. In contrast to the conventional methods, 

which require extensive field surveys and efforts, Earth Observation (EO) is a modern technique 

which provides a synoptic coverage of the area. It helps in mapping vegetation cover and 

changes in density over a span of time. In vegetation mapping through EO, image interpretation 

is a crucial aspect which differs according to the ground features. Key for interpretation includes 

color, tone, texture, shape, size and shadow of the image, which needs to analysed and processed 

for making inferences. In Electromagnetic Radiation spectrum, Near Infra Red and Red 

radiations are useful for vegetation studies which can be further used for calculating Nomalised 

Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI). The vegetation 
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mapping using various indices can be used for global as well as local level depending upon the 

interests and satellite images. Such studies also help in managing droughts, fire, invasion of 

exotic species and other man-made disasters. 

Lecture 5: Geospatial Technologies for identification and protection of Global Biodiversity 

Hotspots with emphasis on Natural Heritage 

Speaker: Dr. Arijit Roy, IIRS 

Global Biodiversity Hotspots are home to numerous Natural WHS in the world. These 

hotspots have high level of diversity across genetic, species and landscape level which also 

accounts for high endemism in the area. The session gave a thorough account on the Global 

Biodiversity Hotspots and how EO-biodiversity characterization can help in managing the sites 

at landscape and species level. To give an idea about the Global Biodiversity Hotspots scenario, 

a comprehensive database of different regions having percentage of intact area and number of 

endemic species was shown. Indices like Enhanced Vegetation Index (EVI) and Normalized 

Difference Vegetation Index (NDVI) were also discussed for mapping vegetation which are 

useful in examining the ecosystem quality. It was asserted that global baseline data of key 

biodiversity areas should be managed by RS and GIS using earth observation science. 

Lecture 6: Use of Terrestrial Laser Scanner (TLS) and Close Range Photogrammetry 

(CRP) in Reconstruction and Damage Assessment of Cultural Sites 

Speaker: Dr. Hina Pandey, IIRS 

The digital preservation of historical monuments using advanced 3D measurement 

technologies becomes a potential and efficient tool for mapping solution. In addition to 

traditional methods such as simple hand measurement and tacheometry, 3D terrestrial laser 

scanning is rapidly becoming one of the most commonly used techniques due to its 

completeness, accuracy and fastness characteristics. Advancement in computer vision and 

photogrammetry is changing human perception to examine and analyze objects in 3D virtual 

reality. Evolution of computer vision and photogrammetric technology has introduced flexibility 

and efficiency in the creation of 3D realistic models. In addition to this, easy availability of 

cheap hardware and software has driven development in the field of computer vision and digital 

photogrammetry in the technology sphere. Close range photogrammetric applications have made 

it possible to create 3D realistic reconstructions of heritage buildings, archaeological monuments 
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and other objects of interest. Virtual tourism, emergency response systems and urban planning 

are few of the areas where close range photogrammetric applications have been successfully 

applied. 

Lecture 7: Geospatial Approach for Planning and Revitalization of Urban Heritage Sites 

Speaker: Mrs. Kshama Gupta, IIRS 

The talk was based on heritage elements of urban landscapes. These heritage resources 

can be tangible or intangible in the form of artefacts, crafts, traditions, songs, monuments, 

gardens, rivers etc. Since these heritage elements exists in and around human settlements, 

various threats are affecting these sites. These threats could be natural like floods, erosion, solar 

radiation, vibration etc and anthropogenic could be acid rain, mass tourism, fire or vandalism. 

Addressing the threats by RS-GIS is a contemporary and effective way in which database and 

digital maps of heritage resources can be made for management and restoration aspect. RS-GIS 

can also help in assessing temporal changes in the site as well as in the buffer area. Within RS, 

usage of SAR techniques for land subsidence, SPOT images for flood monitoring and 

LANDSAT for landuse change were shown with different case studies. For cultural heritage 

sites, indices like Redevelopment Potential Index (RPI) and Urgency Index (UI) could be useful 

for assessing restoration work required. Apart from scientific tools, the session also gave a brief 

introduction on HRIDAY scheme which focuses on development and conservation of heritage 

sites in India.  

Lecture 8: Synthetic Aperture Radar (SAR)Remote Sensing and GPR for Natural and 

Cultural Heritage Sites 

Speaker: Shashi Kumar, IIRS 

Synthetic Aperture Radar (SAR) is a technique of remote sensing that works in the 

microwave radiation region of EMR. It provides higher spatial resolution images which can be 

obtained in all weathers. Microwave RS is extremely useful in geological, meteorological, 

hydrological and oceanographical studies in heritage sites. SAR RS is also valuable in marking 

probable geological, hydro-meteorological hazards in the sites because of its ability to peer 

underneath the surfaces.GPR is a tool used by archaeologists mainly for sub-surface surveys. 

GPR uses radio waves to create pictures of underground resources without digging. This 

technique has a wide range of application for cultural heritage identification and mapping as it 
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can reveal olden underground heritage assets where optical and other conventional techniques 

struggle.  

Lecture 9: Valuation of Natural and Cultural Heritage Sites  

Speaker: Dr. Stutee Gupta, IIRS 

Ecosystem services are the benefits provided to humans through the transformations of 

resources (or environmental assets, including land, water, vegetation and atmosphere) into a flow 

of essential goods and services e.g. clean air, water, and food (after Constanza et al. 1997). It can 

also be termed as natural and social capital. According to Millennium Ecosystem Assessment, 

ecosystem services are categorized into four heads viz. Provisioning, Regulating, Cultural and 

Supporting services. Quantification and mapping of ES is debatable but measures like Preference 

Based measure and Biophysical measures are widely used in the scientific community. These 

methods include Market Based, Production based, revealed preference and so on which are based 

on subjective preferences of the individuals. However GIS models like InVEST, ARIES, 

ESValue etc can map and provide values to these goods and services. The lecture also talked 

about landscape indices like Core Area Index, Patch Density, Interpersion Juxtaposition for 

ecosystem services valuation. 

Lecture 10: Quantification of Forest Cover and Biomass/Carbon Damage and Loss due to 

disasters 

Speaker: Dr. Sranam Singh, IIRS 

Biomass is total amount of above ground living organic matter in trees expressed as 

oven-dry tonnes per unit area. It is estimated that approximately 47.5% of the biomass is carbon. 

Biomass estimation is an important aspect of forest ecology as forest ecosystems are important 

carbon sinks of terrestrial ecosystems. The estimation can be done by conventional field methods 

and remote sensing. The latter method is less destructive in comparison to the former one and 

therefore has a lot of scope for studies like biomass estimation, carbon sequestration and climate 

change. Based on the objectives of the study, high or medium resolution images can be used for 

classification where pre-processing actions should be taken to remove distortions. Different 

sampling designs can also be adopted on field with prescribed methodology for biomass 

estimation. The lecture also gave an insight into basic forestry and forest mensuration which are 

essential for assessing damage due to natural or man-made hazards.  
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Lecture 11: Geospatial technology for Disaster Monitoring and Risk Assessment 

(Kedarnath) 

Speaker: Dr. PK Champati Ray, IIRS 

Kedarnath was devastated on 16th evening–17th morning (June 2013) due to landslides 

and flash floods that killed more than 5000 people in Uttarakhand. What really happened on 16th 

evening through next 12 h till final deluge on 17th morning has been a subject of speculation due 

to lack of sufficient eye witness and monitoring system. Earth observation techniques have 

provided information on precipitation, landslides, snow cover and other ancillary data such as 

digital elevation models at varying resolution. Using such spatial information along with limited 

eye witness and media reports, an attempt is made to reconstruct events that led to destruction in 

upper Mandakini valley with prime aim to improve response and minimize damage in the event 

of similar disaster in future. The study has revealed that there were two distinct events separated 

by a time gap of 10–12 h: the first event was triggered by series of landslides, river blockades; 

breaching, flooding and river bank failures, whereas the second event was mainly associated 

with Chorabari Tal Lake outburst flooding along with associated landslides and bank erosion. 

Comprehensive assessment of landslide hazard requires process-based modelling using 

numerical simulation methods. The study aims to focus on analysis of landslides/debris flow 

movements and simulate landslides that occurred in Kedarnath event leading to derivation of 

important flow parameters to get closer to the root cause of the devastation. The unique 

geomorphological setting, which has changed significantly in the recent event, provides valuable 

inputs for critical assessment of damage and remedial measures in future. Comparison with 

Gohna Tal (in Birahi Ganga, a tributary of Alaknanda) landslide lake outburst flooding has 

provided closer insight on the event and it revealed how preparedness can reduce the impact of 

such natural disasters. 

Lecture 12: Geoinformatics for Disaster Damage and Loss Assessment in Natural and 

Cultural Heritage sites due to floods 

Speaker: Dr. Vaibhav Garg, IIRS 

Floods occur when extreme volume of water is directed into areas other than rivers, 

creeks and streams. India is the one of the worst flood affected nation in world where 40 MHa of 

the geographical area is prone to it. Disaster management scheme for floods include demarcation 
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of vulnerable areas and making it resilient towards floods. Other important phases are installation 

of early warning systems, preparedness plans, damage assessment and restoration. In Disaster 

Risk Management Plan, RS-GIS play a key role as it helps in creating spatial database of the 

information and mapping critical areas in relation to the hazards. Based on maps and RS data, 

site managers can respond effectively to mitigate the impacts of hazards. Other benefits of the 

RS-GIS include mapping of inundated areas, optimum routing, duration of flooding, vulnerable 

areas, loss evaluation, temporal changes and so on. Generally, Microwave RS data is required for 

flood management because of its ability to provide day/night coverage and all weather usage. 

Lecture 13: Biodiversity Disaster Damage and Loss Assessment and Characterization  

Speaker: Dr. Sarnam Singh, IIRS 

Biodiversity at genetic or biosphere level requires conservation measures in distinct 

manner because of the diverse hazard profiles acting on them. Disasters like Landslides, 

Tsunami, and Forest Fires etc have impacts on biodiversity at genetic, species and habitat level. 

To assess the damage and loss, characterization of forest and wildlife is requisite. Biodiversity 

characterization needs integration of physiognomy, phenology, species composition and habitat 

information into the preparedness for disaster management. Characterization of biodiversity 

through RS-GIS tools is crucial for accounting biodiversity loss due to disasters. 

Lecture 14: Map the Neighbourhood in Uttarakhand (MANU): A crowd sourcing Initiative 

Post-Kedarnath Disaster 

Speaker: Dr. Harish Karnatak, IIRS 

The Higher Himalayan region of Uttarakhand received extreme rainfall during 15th – 

17th June 2013 causing flooding, debris flows and landslides in upper the catchments of the 

rivers originating from this segment. to map the extent of devastation and damage associated 

with this extreme rainfall event, a multi-institutional programme has been initiated by the 

Department of Science and Technology (DST) named Map the Neighbourhood in Uttarakhand 

(MANU). Indian Institute of Remote Sensing (IIRS), Dehradun, NRSC and other government 

organizations participated in it for capacity building the field teams having 149 members. A 

mobile application developed by NRSC is used for reporting the damages in the affected area. 

Field data collected having vital information on disaster damage and loss was uploaded on 

Bhuvan-MANU portal. The collected data were analysed in GIS for understanding the patterns 
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and major controls of damage. The findings were useful for providing inputs towards restoration 

and developmental activities.  
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WEEK 2: UNESCO C2C at Wildlife Institute of India 

In the second part of the course, a comprehensive knowledge of UNESCO World 

Heritage Sites was shared with the participants. It dealt with the Introduction of World Heritage 

Convention, Conservation of Natural Heritage Sites using Global Datasets, preparation of 

Nomination Dossier for sites, importance of RS-GIS in making maps for inscription, Role of 

UNESCO in disaster management, Evaluation and Monitoring of sites, Post-disaster responses in 

and around WHS and Disaster risks in Asia-Pacific region. In addition to the theoretical lectures, 

exposure visits to Wadia Institute of Himalayan Geology, Forest Research Institute, Disaster 

Management Centre at Lal Bahadur Shastri National Academy of Administration were also 

organised for the participants to give an idea about other institutional setups work in the field of 

disaster risk management.  

 

 

Lecture 1: World Natural Heritage Conservation  

Speaker: Dr. VB Mathur, UNESCO-C2C 

Natural Heritage can be defined as features consisting of physical and biological 

formations having outstanding universal value from the aesthetic or scientific point of view. It 

can also be geological and physiographical formations which constitute the habitat of threatened 

species of animals and plants. The Outstanding Universal Value (OUV) one of the three pillar of 

WHS means the site has exceptional significance which transcends national boundaries and to be 

of common importance for present and future generations of all humanity. The OUV is assessed 

on ten criteria where first six criteria are for cultural sites and last four for natural ones. After 

inscription, the WHS are regularly monitored based on site reporting by state parties. On the 
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basis of state and trend of OUVs values, threats and protective measures, IUCN World Heritage 

Outlook rates the sites which add another layer of conservation and protection for heritage sites.  

Lecture 2: Operational Guidelines for World Heritage  

Speaker: Dr. Sonali Ghosh and Dr. Bhumesh S Bhadouria, UNESCO-C2C 

The session was focused all about UNESCO Operational Guidelines for the 

Implementation of the World Heritage Convention. There are several chapters in this document 

giving an overview of the World Heritage List, Process for the Inscription of Properties, Process 

for Monitoring the State of Conservation, Periodic Reporting on Implementation and so on. 

Following this, there are different annexure like format Tentative Listing, Guidelines on the 

inscription of specific types of properties on the World Heritage List, Format for the nomination 

of properties for inscription on the World Heritage List, Format for periodic reporting on the 

application of the WH Convention, International Assistance Request Form, Statement of 

Outstanding Universal Value, Modifications to World Heritage Properties etc.  

The speakers briefed about the objectives and implementation of the Operational 

Guidelines. This document facilitate the implementation of the convention by setting forth the 

procedure for the inscription of properties on the World Heritage List, the protection and 

conservation of World Heritage properties, the granting of International Assistance under the 

World Heritage Fund and the mobilization of national and international support in favor of the 

Convention. The key users of this document are State Parties, World Heritage Committee, 

Secretariat/ World Heritage Centre, Advisory Bodies, Site Managers and Stakeholders. There are 

3 Advisory Bodies viz. ICCROM, ICOMOS and IUCN. Their role is to valuate properties 

nominated for inscription on the World Heritage List, monitoring the state of conservation of 

World Heritage natural properties, reviewing requests for international assistance submitted by 

State Parties and provide input and support for capacity-building activities. She concluded her 

talk by discussing about Tentative List which is a useful planning and evaluation tool. 

Lecture 4: Earth Observation – Introduction to Global Datasets 

Speaker: Dr. Gautum Talukdar, WII 

Global datasets are essential resources for monitoring and understanding current pattern 

and probable trend usage of resources in standard formats and projections. These datasets carry 
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different information pertaining to climatic, biological, geological, ecological data of an area. For 

earth observation applications, portals like Landcover, Glovis, Earthexplorer, Scihub, DMSP-

NOAA and Global Forest Watch have wide applications in the field of science. For analysis of 

spatial data RNOAA package, NASA Earth Observation, Cluster GIS and Open Street Map are 

commonly used. In heritage conservation, Global Forest Watch, Protected planet, Biodiversity 

Data Portals, BioWM, LTER data portals have significant amount of resources which is freely 

available for research and management purpose. The session also covered topics like free access, 

free copyright, redistribution and licensing of data to give an overview of usage and sharing of 

data on public domain.  

Lecture 5: Preparing Nomination Dossiers for Inscribing Natural World Heritage Sites 

Speaker: Mr. Manoj V Nair, UNESCO-C2C 

Preparing nomination dossiers for inscribing natural world heritage sites on UNESCO 

WHS list is a responsibility of state party towards World Heritage Convention. It is a multi - step 

process which starts from identification of the sites and documenting Outstanding Universal 

Values (OUV). Documenting OUVs helps in identifying appropriate criteria, undertake 

comparative analysis with other heritage sites and justifying the nomination. The nomination 

dossier also includes extensive text on property management and protection regime. Apart from 

factual texts, other crucial components are maps, photographs, aesthetics and biodiversity values. 

On filing the nomination, advisory bodies of World Heritage Centre evaluate the nomination by 

off-field and on-field evaluations. Based on the evaluations and advice, World Heritage Centre 

makes decision on site inscription.  

Lecture 6: Monitoring, Evaluation and Reporting of World Heritage Sites 

Speaker: Mr. Niraj Kakati, UNESCO-C2C 

In 2016, 1052 WHS are there on UNESCO list and the count is increasing since inception 

of the WH Convention in 1972. But only one time inscription does not guarantee the world 

heritage tag lifelong. The performances or preservation of OUVs of WHS are to be managed 

regularly and this brings the mandate of monitoring and evaluation of inscribed sites by state 

parties. UNESCO seeks monitoring in two types i.e. Statement of Conservation and Periodic 

Reporting. Statement of Conservation is an annual review of the sites whereas periodic reporting 

is a six-year cycle process of reporting. For Asia-Pacific region, 2012 was the year of Periodic 
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reporting. For heritage sites in Danger, there is a Reactive Monitoring prevents its deletion for 

UNESCO list or further deterioration of the site.  

Lecture 7: Natural Hazards at UNESCO designated sites 

Speaker: Soichiro Yasukawa, UNESCO-France 

World Heritage properties and other UNESCO designated sites are exposed to the 

impacts of natural and man-induced harmful events, which threaten their integrity and value. 

UNESCO along with other agencies is engaged in working towards pre-disaster action. Working 

on many aspects of Disaster Risk Reduction and Mitigation, it makes communities capable, 

strengthening knowledge and networks, improving risk information and policy modifications at 

different levels. To realize these objectives, UNESCO undertakes periodic reporting and state of 

conservation reports      from state parties for regular evaluation of the sites. It also conducts 

timely DRR surveys which factors in components like exposure, management, awareness and 

resilience of the site. 

Lecture 8: Natural disasters, Hazards, Vulnerability and Linking DRR with Socio-

Economic Vulnerability/Development 

Speaker: Dr. Janki Andharia, JTSDS-TISS 

Disaster is a serious disruption of the functioning of a community or a society causing 

widespread human, material, economic or environmental losses which exceeds the ability of the 

affected community or society to cope using its own resources. Disasters are made when a 

vulnerable system is exposed to a hazard. Vulnerability of a system is product of risk hazard, 

exposure and sensitivity towards a particular hazard. Vulnerability can be Physical, economic, 

social, political, technical, ideological, cultural, educational, ecological and institutional. To deal 

with the disasters it is required to identify disasters at local and national level, vulnerability 

assessment and reduce underlying factors, reduce the negative impacts of disasters through 

enhance coping capacity of society and communities and converge concerned agencies. 

Lecture 9: Role of NDRF in Post Disaster Rescue and Relief Operations 

Speaker: Roshan Singh Aswal, NDRF 
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A series of big disasters-Latur earthquake-1993, Malpa Landslide- 1997, Orissa super 

cyclone-1999, Bhuj earthquake- 2001 and Indian Ocean Tsunami (2004) brought to the need of a 

comprehensive disaster management regime in the country. This led to the enactment of the 

Disaster Management Act in December 2005. Under the Disaster Management Act, 2005, a 

specialized force called National Disaster Response Force (NDRF) was established which is 

constituted "for the purpose of specialist response to a threatening disaster situation or disaster". 

NDRF is a multi-disciplinary, multi-skilled, high-tech, specialist force, capable of responding to 

any natural or manmade disasters. It is also the single largest dedicated disaster response force in 

the world, trained & equipped as per international standards. It is capable to carry out disaster 

response operations within the country, neighboring region (SAARC) and at international levels. 

At present, NDRF has strength of 12 Battalions with each Battalion consisting of 1149 

personnel. These battalions are consisting of several teams having 47 personnel specialized in 

search, rescue, medical, logistics and management. 

Lecture 10: Pre/Post-Disaster Scenarios around Heritage Sites – focus Uttarakhand  

Speaker: Mr. Lokesh Ohri, INTACH 

Kedarnath pilgrimage, a cultural heritage site situated in beautiful landscape of Great 

Himalayas is a popular tourist destination. The site is vulnerable to various hydro-meteorological 

hazards like flash floods, GLOFF and precipitation flood. The site has a long history of disasters 

occurrence but the 2013 tragedy was a result of uncontrolled tourism, unplanned development 

and encroachment. As a part of disaster management, preparedness and anticipation are 

necessary. Integration of indigenous traditional knowledge is also crucial in managing disasters 

both pre- and post-phase as it contributes in making heritage sites more resilient towards 

disasters. 

Lecture 11: Lessons for Disaster Risk Reduction planning Post Earthquake response and 

rehabilitation of cultural sites in Nepal and Myanmar  

Speaker: Kai Weise, ICOMOS 

The presentation was focused on Gorkha earthquake, Nepal and Chauk Earthquake, 

Mynamar. It gave an introduction on pre-disaster events and what how developmental activities 

& natural settings contributed to the earthquake. Post-earthquake responses include humanitarian 

search and rescue cultural heritage. Early response included assessment of damage, salvaging 
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and preparation for prioritized rehabilitation phase. Apart from the early response, long-term 

responses included scoping of heritage into classified and local heritage. Similarly response 

process included Secure – Assess – Safeguard and Assessment process included Collapsed – 

Damaged – Minor. Based on the disaster management experience, it was emphasized to enforce 

post-disaster conservation guidelines, enforce post disaster recovery framework, setup 

coordination between national authorities, civil societies, and local communities with support 

from UNESCO. Apart from these, resilience from intangible heritage is also an important part of 

disaster risk reduction. 

Lecture 12: Assessing disaster losses in Asia and the Pacific 

Speaker: Dr. Sanjay Srivastav, UNESCAP 

Asia-pacific region is the most disaster-prone region of the world, representing over 40 

per cent of the total global disasters. Overall, nearly 1.4 billion people have been affected by 

natural disasters within the Asia-Pacific region, accounting for 80 per cent of people globally 

affected by natural disasters. The presentation provides an overview of the state of disaster 

resilience in Asia-Pacific region which comprises of holistic estimation of disaster loss incurred 

across individual sectors like agriculture or fisheries and a spatial extent in addition to time-

series analysis for disaster loss assessment using geospatial techniques and earth observation 

satellites. 

Lecture 13: Centre for Disaster Management at Lal Bahadur Shastri National Academy of 

Administration (LBSNAA) 

Speaker: Mr. Sridhar Chiruvolu, CDM-LBSNAA 

 Centre for Disaster Management (CDM), LBSNAA is dedicated to conduct capacity 

building courses and workshops for government officers, NGOs and external agencies in the 

field of disaster management. It is also involved in formulation of national strategy for 

adaptation of global best practices in the disaster management to address disasters in Indian sub-

continent. As a part of outreach and capacity building, CDM publishes technical reports, research 

papers and books in the area of disaster risk reduction and emergency response. CDM is also 

equipped with latest remote sensing and GIS technology to conduct research programmes on risk 

assessment and disaster management. Being an operational centre at LBSNAA responsible for 
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managing disasters, a practical exposure to wireless HAM radio equipments and fire alarms for 

emergency response was also provided to the participants.  
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WEEK 3 – Field Visits to Institutions and WHS in New Delhi, Agra & Bharatpur 

Delhi Chapter of the course started on 27 August 2016 where participants were taken to 

Cultural and Natural Heritage Sites of Delhi, Agra and Bharatpur. After having a substantial 

knowledge of RS-GIS and World Heritage Sites, on-field exposure of heritage sites management 

was given to the participants. Participants were taken to Cultural Heritage Sites like Red Fort and 

Lodi Gardens in Delhi where risk management system and disaster risk reduction plan were 

shared by site authorities and experts. Experts from INTACH and DRONAH discussed and 

showcased the DRM and RM plans of Rivers and Cultural Heritages Sites in India respectively. 

After Delhi, the course was scheduled to take place in Agra where Taj Mahal and Fatehpur Sikri 

were shown. At these two monuments, disaster risks and management of sites were shared with 

the participants. The course concluded by a visit to Natural Heritage Site called Keoladeo 

National Park which is famous for migratory birds and heronries. Here, elements of natural WHS 

and park authorities’ management regime for the upkeep of the site were shown to the 

participants. 

 

Lecture 1: Risk Management Plan of Jantar Mantar, Jaipur: A UNESCO World Heritage 

Site 

Speaker: Ms. Vanicka Arora, DRONAH 

The Jantar Mantar in Jaipur, an astronomical observation site built in the early 18th 

century. It includes a set of some 20 main fixed instruments designed for the observation of 

astronomical positions with the naked eye. They embody several architectural and instrumental 

innovations. This is the most significant, most comprehensive, and the best preserved of India's 

historic observatories. The site having core area 18652 m2 is inscribed under criteria (iii) and 

(iv). To ensure protection of OUVs, Risk Management Plan (2014-15) is incorporated with the 

3

2

4

Part 3: Field Visits in New Delhi & Agra

Lectures

Practicals / 
Demonstration

Instiutional visits

Field Visits to WHS



18 
 

existing primary plans namely Conservation Plan and Management Plan. The RMP takes into 

account the potential hazards and vulnerabilities of heritage elements in the property and buffer 

area. RMP aim is to formulate a comprehensive series of strategies for mitigating risks, 

emergency responses and recovery. A detailed insight of RMP formulation including objectives, 

methodology of documentation & surveys and risk assessment was shown in the lecture. It was 

also emphasised that apart from national level hazard mapping, regional and local level hazard 

identification and mapping is necessary to effectively manage risks and hazards. In the 

presentation, hazards profile, vulnerability and response plans of Jantar Mantar, Jaipur was 

shared in a comprehensive manner. The presentation ended with a short clip on Emergency mock 

drill at Jantar Mantar where an emergency response to fire was demonstrated. 

Lecture 2: Intangible Cultural Heritage, Disaster Risk Reduction & Rivers  

Speaker: Mr. Manu Bhatnagar, INTACH 

Cultural resources of an area arise from the natural setting of the area. These two aspects 

have deep linkages as cultural regions overlap natural landscapes. Cultures are vibrant due 

human race’s incredible understanding and harmony with nature. The association of man with 

the rivers, forests, biodiversity, hills is an indication of a healthy cultural heritage. The 

presentation gave a thoughtful insight on Intangible Culture elements along River courses. The 

rivers are source of religious and spiritual festivals, phonetics and folklore, culinary heritage, 

aesthetics and socio-economical activities along the course. Like other natural resources, rivers 

are also facing immense threats due to anthropogenic and natural factors like channelization, 

dam construction, pollution and floods, shallowing of catchments respectively. Addressing these 

problems can be multi-dimensional by bringing scientists, policy-makers and local communities 

under a single umbrella of conservation. It was suggested that scientific measures along with 

cultural practises can bring significant improvement in the quality of riverine ecosystems.  

Lecture 3: Architectural Heritage  

Speaker: A. Vijaya, INTACH 

India is home to 27 Cultural and 1 Mixed World Heritage sites which count to roughly 

3.3% of total UNESCO World Heritage sites in the world. The great diversity and richness in 

architectural heritage is attributed to evolution with time and assimilation of many influences by 

great historic developments occurred in the Indian sub-continent over past centuries. In India, the 
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designated heritage properties are managed by Archaeological Survey of India (ASI) or state 

archaeological departments. Some of the ‘living heritage’ resources are important from 

archaeological heritage aspect but fall outside the purview of protection by ASI or other 

government authorities. These neglected resources are facing threats from rapid urbanisation, 

pollution, weak legal framework, natural disasters, and conversion for commercial purposes and 

lack of awareness. Conservation initiatives to counter these threats require multi-disciplinary 

approach like identification of resources, written and pictorial documentation, mapping the 

resources and threats, maintenance using similar or compatible materials and respect to 

authenticity of the heritage resources and community participation. 
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Practical Sessions conducted at IIRS 

Practical Exercise 1:  Familiarization with remote sensed data (optical) – enhancement and 

interpretation of spectral signatures. 

Dr. Subrata Nandy, Scientist/Engineer-SE, Forestry and Ecology Department, IIRS 

First day of practical session revolved around the introduction of remote sensing data.              

Dr. Subrata Nandy introduced the concept of enhancement and interpretation of spectral 

signature of remote sensing data of Kaziranga National Park (KNP). Landsat 8 OLI (Operational 

Land Imager) data of KNP at 30 m resolution was downloaded from 

(http://earthexplorer.usgs.gov/ ). Landsat 8 data consist of eleven bands of different wavelengths. 

In ERDAS Imagine software, different band layers were stacked to obtain one single image. 

Using Subset Image feature in ERDAS software, an Area of Interest (AOI) i.e. KNP was 

extracted from the main Landsat 8 image. By changing the color composition to FCC different 

land features were identified i.e. rivers, dry river bed, grass land etc. Also, interpretation of 

different types of forests was done through the land use map of KNP. 

Practical Exercise 2: EO for habitat mapping/characterization using High Resolution 

satellite data. 

-Dr. Subrata Nandy, Scientist/Engineer-SE, Forestry and Ecology Department, IIRS 

Habitat mapping of High resolution data of Forest Research Institute, Dehradun was 

using Unsupervised Classification feature in ERDAS Imagine. Unsupervised classification is a 

method in which the computer searches for natural groupings of similar pixels called clusters. 

Fewer clusters exist, more pixels within each cluster exist and will vary in terms of spectral 

signature, and vice versa. In ERDAS unsupervised classification was performed using an 

algorithm called the Iterative Self-Organizing Data Analysis Technique (ISODATA). Using this 

algorithm, the participants input the number of clusters desired and a confidence threshold. The 

computer will then build clusters iteratively, meaning that with each new iteration, the clusters 

become more and more refined. The iterations stop when the confidence level (or a maximum 

number of iterations specified by the user) is reached. After the clusters are built, the participants 

selected the land cover classes (water, forest, etc.), then assigned each cluster to the appropriate 

class. Once all clusters had been assigned to a class, the image of clusters recoded into a thematic 

layer which displayed each land cover class with a different color.  

http://earthexplorer.usgs.gov/
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Practical Exercise 3: Demonstration of TLS 

-Dr. Subrata Nandy, Scientist/Engineer-SE, Forestry and Ecology Department, IIRS 

Terrestrial laser scanning (TLS) is a ground-based, active imaging method that rapidly 

acquires accurate, dense 3D point clouds of object surfaces by laser range finding. The number 

and variety of remote sensing applications of TLS instruments continues to increase. Static 

systems operated from atop a surveying tripod are commonly employed for the as-built 

documentation of industrial plants, the recording of cultural heritage sites, the measurement of 

natural processes such as sand transport and tree defoliation, structural deformation measurement 

and the measurement of the human body. Mobile systems comprising integrated laser scanning 

and platform georeferencing technologies are deployed on road vehicles, rail cars or small water 

vessels for kinematic data capture.  

RIEGL terrestrial laser scanners provide detailed and highly accurate 3D data rapidly and 

efficiently. Applications are wide ranging, including Topography, Mining, As-Built Surveying, 

Architecture, Archaeology, Monitoring, Civil Engineering and City Modelling. 

Practical Exercise 4: Geoinformatics for Disaster Damage & Loss assessment in Natural 

Heritage sites due to forest fire. 

Mr. Suresh Babu, Research Scholar, IIRS 

Forest fire is considered as one of the major disasters across the world. It damages the 

environment, valuable forest resources, animals and human health. A forest fire is an 

uncontrolled fire occurring in nature. Sometimes, the forest fire is so large that it takes a long 

time for the firefighting crews to gain control over the situation. This could result in massive 

destruction.  

In order to estimate the damage assessment, the differenced Normalized Burn Ratio 

(dNBR) algorithm, derived from Landsat imagery, has been used extensively throughout the 

wildland fire community. Two time period Landsat 8 datasets i.e. pre-fire and post-fire of 2016 

Uttarakhand forest fire, from USGS Earth Explorer website, was downloaded. As the raw images 

consisted of Digital Numbers (DN) values, these DN values were converted to the TOA 

reflectance in ArcGIS software and Burn Severity Maps were produced.  
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Practical Exercise 5: Demonstration of GPR 

Mr. Suresh Kanaujia, Scientist, IIRS 

Ground-penetrating radar (GPR) is a geophysical method that uses radar pulses to image the 

subsurface. This nondestructive method uses electromagnetic radiation in the  microwave  band  

(UHF/VHF frequencies) of the radio spectrum, and detects the reflected signals from subsurface 

structures. GPR has many applications in a number of fields. In the Earth sciences it is used to 

study bedrock, soils, groundwater, and ice. It is of some utility in prospecting for gold nuggets 

and for diamonds in alluvial gravel beds, by finding natural traps in buried stream beds that have 

the potential for accumulating heavier particles. Engineering applications include non destructive 

testing (NDT) of structures and pavements, locating buried structures and utility lines, and 

studying soils and bedrock. In environmental remediation, GPR is used to define landfills, 

contaminant plumes, and other remediation sites, while in archaeology it is used for 

mapping archaeological features and cemeteries. GPR is used in law enforcement for locating 

clandestine graves and buried evidence. Military uses include detection of mines, unexploded 

ordnance, and tunnels. 
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Practical Sessions conducted at WII 

Practical Group Exercise- 1 

The primary objective of the group exercise was “to undertake a geospatial evaluation of 

natural hazards impacting the Outstanding Universal Values (OUV) of the select World Heritage 

Site and generate hazard vulnerability map”. All participants were divided into three groups and 

given one Natural World Heritage Site each for generating hazard vulnerability map. All groups 

were provided with relevant data of Koyna WLS, Radhanagri WLS and Keoladeo NP for the 

exercise e.g. WHS boundary, landsat data, species data etc.  

The whole exercise was divided into four lessons (Annexure 5). In the first lesson 

participants were taught about downloading and preparing satellite data for study site. GeoTIFF 

image of Landsat 8 data of respective WHS was downloaded from 

(http://earthexplorer.usgs.gov/). Second lesson dealt with stacking layers of Landsat 8 data with 

image processing software i.e. ERDAS Imagine. Layer stacking is done to acquire a single image 

out of Landsat data for further processing.  

Lesson three appraised the process of generating Landuse / Landcover map for study site 

using Unsupervised Classification techniques in ERDAS Imagine. Digital image classification is 

done to group pixels to represent land cover features. Land cover could be forested, urban, 

agricultural and other types of features. Pixels are the smallest unit represented in an image. 

Image classification uses the reflectance statistics for individual pixels. Unsupervised and 

supervised image classification techniques are the two most common approaches. In 

Unsupervised classification pixels are grouped based on the reflectance properties of pixels. 

These groupings are called “clusters”. The user identifies the number of clusters to generate and 

which bands to use. With this information, the image classification software generates clusters. 

There are different image clustering algorithms such as K-means and ISODATA. The user 

manually identifies each cluster with land cover classes. It’s often the case that multiple clusters 

represent a single land cover class. The user merges clusters into a land cover type. Though 

different classes can be identified with this but there is a need to conduct Accuracy Assessment 

based on validation points generated from Ground Truthing/ Google Earth. 

Lesson four inculcated participants about generating hazard vulnerability map for target 

Outstanding Universal Values (e.g. wild species of flora and fauna) of respective NWHS. A 

http://earthexplorer.usgs.gov/
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hazard vulnerability map gives the precise location of sites where people, the natural sites or 

property are at risk due to a potentially catastrophic event that could result in death, injury, 

pollution or other destruction. Such maps are made in conjunction with information about 

different types of risks. Vulnerability maps are most often created with the assistance of 

computer technology called geographic information systems (GIS) and digital land survey 

equipment designed for use in the field. However, vulnerability maps  can also be created 

manually using background maps such as satellite imagery, property boundaries, road maps, or 

topographic maps. In this exercise, the vulnerability maps were created using ArcGIS and 

Maxent software.  

Hazard vulnerability map can allow for improved communication about risks and what is 

threatened. It allows for better visual presentations and understanding of the risks and 

vulnerabilities so that decision -makers can see where resources are needed for protection of 

these areas. Vulnerability maps can be of use in all phases of disaster management: Prevention, 

mitigation, preparedness, operations, relief, recovery and lessons-learned. 
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Annexure 1  

Photos from the training workshop 

Week 1- Indian Institute of Remote Sensing 

 

Inauguration of the course at IIRS  Lecture Session at IIRS 

 

Participants at IIRS  Terrestrial Laser Scanning (TLS) 
demonstration  

 

Demonstration of Ground Penetrating Radar 
(GPR) 

 Practical Session at IIRS 
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Week 2- Wildlife Institute of India 

 

 

Lecture Session at WII  Course Dinner  

 

Demonstration of National Disaster Response 
Force equipments 

 Visit to Forest Research Institute  

 

Practical Session at WII  Visit to LBSNAA, Mussoorie 
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Week 3- Field Tour 

 

 

 
Visit to Red Fort, New Delhi  Visit to Lodhi Garden, New Delhi  

 

Visit to Taj Mahal, Agra  Lecture Session in INTACH, New Delhi  

 

Visit to Fatehpur Sikri  Visit to Keoladeo National Park, Bharatpur 
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   Annexure 2  

Newspaper Reports 
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Annexure 3 
 

Disaster Damage and Loss Assessment using Satellite Data in 
 Natural and Cultural Heritage Sites using Geospatial Techniques 

 Course Time table 
 

First Week (13th September-17th September, 2016) 

Venue:IIRS, Dehradun 

13th Sept, 2016 
Time Subject/Topic Faculty 

9:15 A.M. – 10:00 A.M. Inauguration/Introduction and Group Photograph 
10:00 A.M. – 11:00 A.M. Overview on the use of RS, GIS& GPS in natural resource conservation and 

assessment  
Dr. Sarnam Singh, FED 

11:00 A.M. – 12:00 P.M. Role of RS and GIS in natural heritage mapping Mrs. Shefali Agarwal, PRSD 
12:00P.M. – 1:00 P.M. Role of RS and GIS in cultural heritage mapping Mrs. Shefali Agarwal, PRSD 
1:00 P.M. – 2:00 P.M. Lunch Break 
2:00PM – 5:.00 P.M. Practical Exercise on Familiarization with remote sensed data (optical) – 

enhancement and interpretation of spectral signatures 
Dr. SubrataNandy + JRFs, FED 

14th Sept, 2016 
9:00 A.M. – 10:00 A.M. EO for vegetation type and density mapping in the Natural Heritage Sites Dr. HitendraPadalia, FED 

10:00 A.M. – 11:00 A.M. Geospatial Technologies for Identification and protection of Global Biodiversity 
Hotspots with emphasis on natural heritage 

Dr. Arijit Roy, FED 

11:00 A.M. – 11:30 A.M. Tea Break 
11:30 A.M. – 1:00 P.M. Use of Terrestrial Laser Scanner(TLS)/Close Range Photogrammetry(CRP) in 

reconstruction and damage assessment of Cultural sites 
Dr. Hina Pandey, PRSD 

1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 5:30 P.M. Practical Exercise on EO for habitat mapping/characterization using High Resolution 

satellite data  
Dr. SubrataNandy + JRFs, FED 

15th Sept, 2016 
9:00 A.M. – 10:00 A.M. Geospatial Approach for Planning and Revitalization of Urban Heritage Sites. Mrs. Kshama Gupta, URSD 
10:00 A.M. – 11:00A.M. Microwave Remote Sensing and GPR for Archaeological Heritage Site detection Mr. Shashi Kumar Singh, PRSD 
11:00 A.M. – 11:30 A.M. Tea Break 
11:30 A.M. – 1:00 P.M. Valuation of Natural and Cultural Heritage sites Dr. Stutee Gupta, FED 
1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 5:30 P.M. Demonstration of TLS  Dr. SubrataNandy + PRSD 
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16th Sept, 2016 
9:00A.M. – 10:00 A.M. Geoinformatics for Disaster Damage and Loss assessment in natural heritage sites  FED/Faculty 
10:00A.M. – 11:00 A.M. Geospatial technology for Disaster monitoring and risk assessment (Kedarnath) Dr. PK Champati Ray, GSGHD 
11:00 A.M. – 11:30 A.M. Tea Break 
11:30 A.M. – 1:00 P.M. Geoinformatics for Disaster Damage & Loss assessment in Natural and Cultural 

Heritage sites due to floods 
Dr. Praveen K. Thakur, WRD 

1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 5:00 P.M. Geoinformatics for Disaster Damage & Loss assessment in Natural Heritage sites due 

to forest fire  - Practical Exercise  
FED Faculty + JRFs 

17th  Sept, 2016 (Saturday) 
9:00 A.M. – 10:00 A.M. Biodiversity Characterization at Landscape Level and its importance in Natural 

Heritage Sites 
Dr. Sarnam Singh, FED 

10:00 A.M. – 11:00 A.M. Use of Crowd sourcing for geospatial database generation on Natural and Cultural 
Heritage sites and open source geospatial data and software for protection of natural 
and cultural heritage sites 

Dr. Harish Karnatak, GS, IT & 
DLP 

11:00 A.M. – 11.30 A.M. Tea Break 
11:30 A.M. – 1:00 P.M. Demonstration of Crowd Sourcing – Practical Exercise Dr. Harish Karnatak and Dr. S. 

K. Srivastava, RSGG 
1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 5.30 P.M. Demonstration of GPR Dr. Stutee Gupta + Mr. Suresh 

Kannaujiya, FED and GSGHD 
 
Second Week (19th September-25th September, 2016)                                                 
Venue: Porta cabin, Wildlife Institute of India  

19th Sept, 2016 (Monday) 
Time Subject/Topic Faculty 

9:30 A.M. – 11.00 A.M. Natural World Heritage : An Overview  Dr. V.B.Mathur, Director WII & UNESCO 
C2C  

11:00 A.M. – 11.30A.M. Group Photograph &Tea Break 
11:30 A.M. – 12:15 P.M. Operational Guidelines for World Heritage (Part I) Dr. Sonali Ghosh, Scientist F UNESCO C2C 

12:15 A.M. – 1:00 P.M. Operational Guidelines for World Heritage (Part II) Dr. Bhumesh Singh, Technical Officer, 
UNESCO C2C 

1:00 P.M. – 2:00 P.M. Lunch Break 
2.00PM – 3.00 P.M. Documentary of DRR damage in World Heritage Sites Coordinated by Mr. Anukul Nath , Asst 

Technical Officer, UNESCO C2C  
3.30-4.30 P.M. Introduction to Global datasets on Hazards and Species distribution Dr. Gautam Talukdar, Scientist D, WII 
4.30 P.M.. – 5.30 P.M. Introduction to Practical/Group Exercise Dr Sonali Ghosh, Scientist F and Shri Chitiz 

Joshi, Asst Technical Officer, UNESCO C2C 
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20th Sept, 2016 (Tuesday) 
9:30 A.M. – 11.00 A.M. Preparation of Nomination Dossier and Heritage Outlook  Mr. Manoj Nair, Scientist F, UNESCO C2C 
11:30 A.M. – 1.00 P.M. Monitoring, Evaluation and Periodic Reporting Mr Niraj Kakati, Technical Officer, UNESCO 

C2C 
1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 3.00 P.M. Natural hazards at UNESCO designated sites (Via Video 

Conferencing) 
Mr Soichiro Yasukawa, Programme Specialist 
DRR,  UNESCO 

3.30P.M.-5.30 PM Practical/Group Exercise contd Mr. Chitiz Joshi, ATO  &  UNESCO C2C 
Team 

21st Sept, 2016 (Wednesday) 
9:30 A.M. – 11.00 A.M. Natural Disasters, Vulnerability and Risk Analysis  of local 

communities 
Dr Janki Andharia, Professor Jamsetdji Tata 
School of Disaster Manageent , Tata Institute 
of Social Sciences, Mumbai  

11:30 A.M. – 1.00 P.M. Lecture on Role of NDRF in DRR  Mr. Roshan Singh Aswal, Dy Comdt National 
Disaster Response Force  

1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 5.30 P.M. Practical Group Exercise contd. Mr. Chitiz Joshi & Team 

22nd Sept, 2016 (Thursday) 
9:30 A.M. – 11.00 A.M. Post-disaster rescue, relief and rehabilitation in and around WHS – 

case studies 
Dr. Lokesh Ohri , President  INTACH 
Uttarakhand  

11:30 A.M. – 1.00 P.M. Lessons for DRR planning in Cultural Sites in Nepal and Myanmar 
(via VC) 

Mr Kai Weise, President ICOMOS Nepal   

1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 5.30 P.M. Visit to FRI Museum   (Mr Anukul Nath, UNESCO C2C)  

23rd Sept, 2016 (Friday) 
9:30 A.M. – 11.00 A.M. Visit to Wadia Institute of Himalayan Geology  Wadia Institute of Himalayan Geology 
11:30 A.M. – 1.00 P.M. Lecture via Skype titled ''Disaster Risk in Asia and the Pacific: 

New Tools and Techniques for Damage and Loss Assessment' 
Dr Sanjay Srivastava, Chief 
Disaster Risk Reduction Section 
Information and Communications Technology   
and Disaster Risk Reduction Division 
(IDD)United Nations ESCAP 

1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 5.30 P.M. Practical/Group Exercise contd                                                                                          Mr. Chitiz Joshi & UNESCO C2C Team 

24th Sept, 2016 (Saturday )  
Visit to Disaster Management Centre, LBSNAA, Mussoorie (accompanied by Dr Subrat Nandy IIRS  & Mr Chitiz Joshi, UNESCO C2C )  

25th Sept (Sunday) 
7.00 - 9.00 A.M. Heritage Walk to Guru Ram Rai Durbar - Dr Lokesh Ohri & INTACH -Uttarakhand Team  
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Third Week (26th September-30th September, 2016)      

Venue: Wildlife Institute of India and Delhi-Bharatpur 

26th Sept, (Monday) 2016 
Time Subject/Topic Remarks 

9:30 A.M. – 11.00 A.M. Group work presentations 
11:30 A.M. – 1.00 P.M. Key note address 'Addressing administrative 

and technological challenges in building 
community resilience '  

Dr. Nivedita Haran, IAS(Retd) President, Ente Bhoomi Trust ;Chief 
Research Consultant, DRP, JNU 
Independent Director, National e-Governance Service Ltd. 

1:00 P.M. – 2:00 P.M. Lunch Break 
2:00 P.M. – 2.55 P.M. Feedback and Valediction at WII Auditorium 
5.00 PM – 11.00 PM Dehradun to New Delhi by train (travel by Shatabdi Express) and stay at 

ISRO GH, Dwarka, New Delhi  
Dr. S. Raghavendra from IIRS + Mr. 
Chitiz Joshi C2C-WII 

27th-30th September 2016 
27th Sept (Tuesday)  10.00 - 11.00  am - Visit to Jantar Mantar  

11.30 - 1:00 pm - Red Fort visit   
1:00-2:00 pm - Lunch 
2:00- 3.00 pm - Lecture on overall management and DRR plan of 
Jantar Mantar Jaipur                                                                              
3:00-4:00pm - Lecture on Red Fort DRR/ Risk Management Strategy 
for Red Fort and other Cultural World Heritage Sites  

Dr. Shikha Jain, MD- Development 
and Research Organisation for Nature, 
Arts and Heritage  
 
Ms. Vanicka Arora (NDMA 
consultant & Associate Conservation 
Architect DRONAH)  

28th Sept (Wednesday ) 9.00 - 10.00 a.m.. Lecture on Managing Risk from Increasing Tourism on 
Cultural Sites- an Asia Perspective  
 
10.00 - 1.00 p.m. .    Visit to INTACH and lecture on Íntangible cultural 
heritage and DRR preparedness- case study of Rivers 

Shri Vinay Sheel Oberoi, IAS Secretary, 
MHRD, Govt of India 
 
Mr. Navin Piplani (Principal Director of 
INTACH Heritage Academy) 

29th Sept (Thursday) 8.00 A.m. - Road Travel from New Delhi to Agra-Fatehpur Sikri Cultural Heritage sites and proceed to Bharatpur and 
night halt at The Bagh Hotel  (Resource Person : Dr. Bhumesh Singh, C2C- WII, Dr. S. Raghvendra, IIRS) 

30th Sept (Friday) 7.00 A.M. - 11.a.m.- Visit to Keoladeo National Park, Natural Heritage site in forenoon (Lecture by Dr. Bijo Joy, IFS 
Field Director Keoladeo National Park on Management of OUVs in Keoladeo WHS'  
1.00 P.m. - 6.00 pm- Road travel from Bharatpur to New Delhi and halt at ISRO GH, Dwarka, New Delhi 

International Terminal and Participants will start leaving to their respective country from then. 
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Annexure 4  

                                                                                 
SHORT COURSE ON  

DISASTER DAMAGE AND LOSS ASSESSMENT IN NATURAL HERITAGE AND CULTURAL SITES 
USING GEOSPATIAL TECHNIQUES 

(11 Sep – 02 October, 2016) 
List of Participants               

  

S.N Name Country 

1.  Md. Golam Rabbi Bangladesh 

2.  Md. Shohel Rana Bangladesh 

3.  Mr. Tshering Phuntsho Bhutan 

4.  Mr. Dagay Bhutan 

5.  Dr. Baranidharan K India 

6.  Mr. Rahul Padmakar Kale India 

7.  Ms. Rupa India 

8.  Mr. Dhruv Verma India 

9.  Mr. Shuaib Abdulla Didi Maldives 

10.  Mr. Mohamed Shifaau Maldives 

11.  Mr. Damodar Sharma Nepal 

12.  Mr. Kumar Khanal Nepal 

13.  Mr. Rakhimov Fotekh Tajikistan 

14.  Mr. Boboev  Mirzomaruf Tajikistan 

15.  Mr. Mai Sy Luan  Vietnam 

16.  Mr. Truong Van Thinh Vietnam 

17.  Mr. Hang Chandaravuth Cambodia 

18.  Mr. Farid Qurbonshoev Tajikistan 

19.  Ms. Dinh Thi Dieu Vietnam 
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S.N Name Country 

20.  Ms. Nguyen Thu Hang Vietnam 

21.  Ms. Priyanka Arya India 

22.  Ms. Lilangi V. Wijesinghe Sri Lanka 

23.  Ms. Gulzhiyan Kabdulova Kazakhstan 

24.  Ms. Bayarjargal Enebish Mongolia 

 
 
 

  



 

PRACTICAL GROUP EXERCISE

PRIMARY OBJECTIVE: TO UNDERTAKE A GEOSPATIAL EVALUATION OF NATURAL 

HAZARDS IMPACTING THE OUTSTANDING UNIVERSAL VALUES (OUV) OF THE 

SELECT WORLD HERITAGE SITE

OUTPUT REQUIRED: HAZARD VULNERABILITY MAP

Lesson One: To download and prepare satellite data for the study site

STEPS:On Google page, search Earth Explorer. On the USGS Earth Explorer site search for the 

desired place 

Specify time range under Date Range tab. Under Data Sets tab, select Landsat Archive 

datasets. Click Results 

Landsat 8 images will be displayed. Select the image having least cloud cover.

PRACTICAL GROUP EXERCISE- 1 

PRIMARY OBJECTIVE: TO UNDERTAKE A GEOSPATIAL EVALUATION OF NATURAL 

HAZARDS IMPACTING THE OUTSTANDING UNIVERSAL VALUES (OUV) OF THE 

SELECT WORLD HERITAGE SITE 

OUTPUT REQUIRED: HAZARD VULNERABILITY MAP 

One: To download and prepare satellite data for the study site

STEPS:On Google page, search Earth Explorer. On the USGS Earth Explorer site search for the 

 

Specify time range under Date Range tab. Under Data Sets tab, select Landsat Archive 

 
Landsat 8 images will be displayed. Select the image having least cloud cover. 
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Annexure 5  

PRIMARY OBJECTIVE: TO UNDERTAKE A GEOSPATIAL EVALUATION OF NATURAL 

HAZARDS IMPACTING THE OUTSTANDING UNIVERSAL VALUES (OUV) OF THE 

 

One: To download and prepare satellite data for the study site 

STEPS:On Google page, search Earth Explorer. On the USGS Earth Explorer site search for the 

Specify time range under Date Range tab. Under Data Sets tab, select Landsat Archive and Landsat 8 



 

 

Download GeoTIFF image  

 

Report on the LANDSAT image downloaded and why ? Explore other datasets such as IRS

LISS III and LANDSAT 7 and MS images to observe (viasually) the tremporal changes that 

have occurred in the site . 

  

 

 

Report on the LANDSAT image downloaded and why ? Explore other datasets such as IRS

and MS images to observe (viasually) the tremporal changes that 
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Report on the LANDSAT image downloaded and why ? Explore other datasets such as IRS-

and MS images to observe (viasually) the tremporal changes that 
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Lesson Two :Layer Stacking with Image Processing Software (egErdas Imagine ) 

Steps: Open Erdas Imagine 

 

2. One the Raster tab on the Menu ribbon, select the Spectral dropdown in the resolution tools and open 

the Layer Stack tool. 

 

3. On the Layer Stack tool we need to select the input files (the individual TIFF images that were 

delivered to us in our Landsat data) and specify the output file (where the new multi-layer image will be 

created). 



 

4. Start by specifying the input files. Navigate to your data folder and select the band one image. Be sure 
to change the File of type dropdown on the bottom of the input file menu to All File
or TIFF so that your files will be visible in the selector. Once you have selected the file hit OK.

5. Once you have selected the file. Press the Add button to add it to the layer list. Repeat this process with 
all of the other images. Be sure that the order o
number of the file. If you put the bands in the wrong order the layer number of the image layers will not 
correspond to the Landsat band number.

 

Start by specifying the input files. Navigate to your data folder and select the band one image. Be sure 
to change the File of type dropdown on the bottom of the input file menu to All File-based Raster Formats 

F so that your files will be visible in the selector. Once you have selected the file hit OK.

 

Once you have selected the file. Press the Add button to add it to the layer list. Repeat this process with 
all of the other images. Be sure that the order of the bands in the list corresponds to the actual band 
number of the file. If you put the bands in the wrong order the layer number of the image layers will not 
correspond to the Landsat band number. 
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Start by specifying the input files. Navigate to your data folder and select the band one image. Be sure 
based Raster Formats 

F so that your files will be visible in the selector. Once you have selected the file hit OK. 

Once you have selected the file. Press the Add button to add it to the layer list. Repeat this process with 
f the bands in the list corresponds to the actual band 

number of the file. If you put the bands in the wrong order the layer number of the image layers will not 

http://faculty.ung.edu/zmiller/4350K/_images/ErdasLayerStackMenu.png
http://faculty.ung.edu/zmiller/4350K/_images/ErdasLayerStackMenuFileSelect.png


 

6. Once all bands have been selected and added as 
location and file type. You also have to specify the name of the file. Give the file the name of the original 
Landsat data: LC80190362015257LGN00 Once you’ve named the file hit the OK button to launch the 
layer stacking process. 

 

7. Open the resulting image and review it in Erdas.

 

Once all bands have been selected and added as layers for the new image, specify the output file 
location and file type. You also have to specify the name of the file. Give the file the name of the original 
Landsat data: LC80190362015257LGN00 Once you’ve named the file hit the OK button to launch the 

7. Open the resulting image and review it in Erdas. 
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layers for the new image, specify the output file 
location and file type. You also have to specify the name of the file. Give the file the name of the original 
Landsat data: LC80190362015257LGN00 Once you’ve named the file hit the OK button to launch the 

http://faculty.ung.edu/zmiller/4350K/_images/ErdasLayerStackMenuFileSelectBandSelected.png
http://faculty.ung.edu/zmiller/4350K/_images/ErdasLayerStackMenuFileSelectAllBandsSelectedOutputSpecified.png
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Report on the Final image with band combination. Which method was used to arrive at the stacked 

and clipped image. Try different combinations of the bands to observe different features such as 

water, soil characteristics etc.  

 

Lesson Three: Generating Landuse / Landcover map for study site using 

Unsupervised Classification techniques  

In a multispectral image, each pixel has a spectral signature determined by the reflectance of that 

pixel in each of the spectral bands. Multispectral classification is an information extraction process that 

analyzes the spectral signatures and then assigns pixels to classes based on similar signatures (Sabins 

283). For example, all of the pixels which represent an area of forested land on a LANDST image should 

have roughly the same spectral signature. Classification procedures attempt to group together such similar 

pixels so that a Thematic layer can be generated with each land cover type represented by a different class. 

The detail of the classes depends on the spectral and spatial resolution characteristics of the imaging 

system. 

Unsupervised classification is a method in which the computer searches for natural groupings of 

similar pixels called clusters (Jensen 231). Fewer clusters exist, more pixels within each cluster exist and 

will vary in terms of spectral signature, and vice versa. In ERDAS unsupervised classification is 

performed using an algorithm called the Iterative Self-Organizing Data Analysis Technique (ISODATA). 

Using this algorithm, the analyst input the number of clusters desired and a confidence threshold. The 

computer will then build clusters iteratively, meaning that with each new iteration, the clusters become 

more and more refined. The iterations stop when the confidence level (or a maximum number of iterations 

specified by the user) is reached (Jensen 238). For example, if the user wants 30 clusters at 95% 

confidence, the computer will iteratively build the clusters until it is 95% confident has attained the best 

distribution of pixels into 30 clusters. 

After the clusters are built, the analyst must select the land cover classes (water, forest, etc.), then 

assign each cluster to the appropriate class. For this step, it is important user has a good knowledge of the 

region being mapped, since he or she must decide what land cover the pixels of each cluster represent. 

Once all clusters have been assigned to a class, the image of clusters can be recoded into a thematic layer 

which displays each land cover class with a different color.  

Once the spectral enhancements were completed on my image, I performed an unsupervised 

classification (using ISODATA) with 16 classes respectively and a 98% confidence threshold. I set the 

maximum number of iterations at 16. The final result was an image with 16 groups of pixels each 
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represented by a different color. I was able to highlight each class one at a time and then determine which 

of the classes it belonged to by interpreting the original multispectral image. Then I changed the cluster 

color to an appropriate one, for example, I made the water clusters blue. Finally, the image was recoded 

into the map shown below.. 

 

 

Steps  
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1. Select the Raster menu. 

2. From the Classification group select the Unsupervised and then Unsupervised Classification tab. 

3 and 4. Select the LANDSAT 8.IMG image as the input file and choose a name for the output file. Untick 
the Output Signature Set option. 

5 and 6. Set the initial classification to have 16 classes and 16 iterations. By default the Isodata method of 
classification has been selected. This identifies 16 clusters of data in the image, calculates the mean for 
each image channel and then assigns each pixel to a cluster on the basis of a minimum distance to mean 
rule. 

7. There is no need to create a signature file or change the convergence threshold (the point at which the 
program will automatically stop if there is little change in the statistical means for each class cluster). 
Click OK to run the program.  

8.Now Open the input image in the Viewer and open the output Unsupervised Classified on the top of it. 

Lesson Four: To Generate Hazard vulnerability map for target OUVs(e.g. Wild Species of Flora 

and Fauna)  

Steps : Open WHSShapefile from Add Data 

7 



 

In Arc Toolbox, open Extract by Mask (batch, if multiple files are to be clipped) 

{Arc ToolboxSpatial Analyst Tools

A new window will come up, where:

 input raster will be the individual bioclim layers (.tif)

with any other hazard/ fire layer that has been downloaded.

 input feature will be the added shapefile

 output raster will be the clipped raster image (.img) in the specified directo

 repeat the above steps for rest of the layers of Bioclim in the same tool

 Press OK 

 

1. Convert clipped images from Raster to ASCII by Conversion Tool

{Arc ToolboxConversion Tool

 

 
In Arc Toolbox, open Extract by Mask (batch, if multiple files are to be clipped)  

Spatial Analyst ToolsExtraction Extract by Mask} 

A new window will come up, where: 

the individual bioclim layers (.tif) you can substitute the bioclim layers 

with any other hazard/ fire layer that has been downloaded. 

input feature will be the added shapefile 

output raster will be the clipped raster image (.img) in the specified directo

repeat the above steps for rest of the layers of Bioclim in the same tool 

 

Convert clipped images from Raster to ASCII by Conversion Tool 

From RasterRaster to ASCII} 
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you can substitute the bioclim layers 

output raster will be the clipped raster image (.img) in the specified directory 

 



 

 

2. Make species data (.csv format) to run on 

 

3. Open maxent.jar and in the Samples tab open the species data (.csv format). On the right hand side of 

the window, under Environment Layers open the ASCII folder. All the ASCII files will be added in 

the layers window. 

4. Tick mark against Create Response Curves, Make Pictures of Predictions and 

Variables Importance. 

5. Output format – Logistic 

6. Give Output Directory in your computer

7. Press RUN 

Make species data (.csv format) to run on Maxent for its distribution analysis in the habitat.

 

Open maxent.jar and in the Samples tab open the species data (.csv format). On the right hand side of 

the window, under Environment Layers open the ASCII folder. All the ASCII files will be added in 

Tick mark against Create Response Curves, Make Pictures of Predictions and do Jackknife to Measure 

Give Output Directory in your computer 
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Maxent for its distribution analysis in the habitat. 

Open maxent.jar and in the Samples tab open the species data (.csv format). On the right hand side of 

the window, under Environment Layers open the ASCII folder. All the ASCII files will be added in 

o Jackknife to Measure 



 

 

8. From output directory you gave in maxent

internet browser window will open. This model for the species gives its distribution across the habitat 

and its response to each Bioclim/Environmental layers. 

 

 

  

 

From output directory you gave in maxent.jar, open species data file having .html format. A new 

internet browser window will open. This model for the species gives its distribution across the habitat 

and its response to each Bioclim/Environmental layers.  
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.jar, open species data file having .html format. A new 

internet browser window will open. This model for the species gives its distribution across the habitat 



 

 

Observe how species presence (as they represent OUV) is responding with respect to bioclimatic variables and the 

vulnerability / suitability that is predicted across the landscape. 

 

(TRY REPEATING THE STEPS FROM ALL THE FOUR LESSONS ON A WORLD HERITAGE 

YOUR HOME COUNTRY TOO) 

  

Observe how species presence (as they represent OUV) is responding with respect to bioclimatic variables and the 

vulnerability / suitability that is predicted across the landscape.  

(TRY REPEATING THE STEPS FROM ALL THE FOUR LESSONS ON A WORLD HERITAGE 
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Observe how species presence (as they represent OUV) is responding with respect to bioclimatic variables and the 

(TRY REPEATING THE STEPS FROM ALL THE FOUR LESSONS ON A WORLD HERITAGE SITE IN 
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Practical Group Exercise 2 

PLANNING A DRR FRAMEWORK FOR A WORLD HERITAGE SITE IN YOUR OWN COUNTRY 

1. What is Disaster Risk Management and why is it important? 

 Why should World Heritage site managers be concerned with DRM? 
 What is a disaster? 
 What are the main types of hazard that may cause disasters? 
 What impact may disasters have on the select World Heritage property? 
 What key principles of DRM are applied to heritage? 

 
2. What does a DRM plan consist of? 
 What are the essential characteristics of a DRM plan? 
 How is a DRM plan linked to the site management plan of a heritage property? 

 
3. How do you get started? 
 Who should be members of the ‘core team’ for preparing a plan? 
 Who are the partners and stakeholders at local level? 
 Who are the major partners and stakeholders at national and international levels? 
 What human, technical and financial resources are needed? 

 
4. How do you identify and assess disaster risks? 
 What kind of information do you need to identify disaster risks to your property? 
 How do you analyse the factors that may cause disaster risks to your property? 
 How can you evaluate disaster risks and prioritize risk reduction measures / strategies? 

 
5. How can you prevent disaster risks or mitigate their impact? 
 What measures can you adopt to prevent or mitigate disaster risks? 
 How can you make sure that risk prevention and mitigation measures do not have an unintended 

impact on the heritage values of your property? 
 How can traditional knowledge systems for disaster mitigation help protect your property from 

disasters? Can you integrate these into the plan? 
 

6. How do you prepare for and respond to emergencies? 
 What risks might be encountered during the first 72 hours after the disaster? 
 What should be the roles and responsibilities of the emergency response team members in your 

property? 
 What can you do to improve emergency preparedness in your property? 
 How can your property contribute positively to the emergency response? 

 
7. How do you recover and rehabilitate your property after a disaster? 
 What new risks might your property be exposed to after a disaster? 
 What are the essential questions when assessing damage to your property? 
 What measures will help ensure that the long-term recovery process is sustainable? 
 How can heritage property play a more proactive role in post-disaster recovery and rehabilitation? 

 
8. How to implement, reassess and reappraise the DRM plan? 
 How do you implement and monitor the DRM plan for your property? 
 How do you train and build local capacity for implementing and monitoring the plan? 
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9. How to integrate Eco-DRR? 
 What are the linkages between human and natural systems? 
 Why do ecosystems matter to DRR?  
 How can ecosystem concerns be integrated into disaster management? Why? 
 How the loss of biodiversity could impact the Heritage property? 
 How the Soil erosion -off-site effects could impact the Heritage property? 
  What are the connections between ecosystem management, development planning and disaster 

risk management? 
 From which sources would you collect your ecosystem data? 
 What is needed to implement Eco-DRR? Tools? 
 Which type of investments in DRR - engineered or ecological infrastructure (or perhaps a 

combination)? 
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