
5th World Congress on
DISASTER MANAGEMENT





Edited by

Dr. S. Ananda Babu
President and Convenor

DMICS-WCDM

5th World Congress on
DISASTER MANAGEMENT

Volume 2
NATURE AND HUMAN INDUCED DISASTERS



First published 2023
by Routledge
4 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

and by Routledge
605 Third Avenue, New York, NY 10158

Routledge is an imprint of the Taylor & Francis Group, an informa business

© 2023 DMICS

The right of Dr. S. Ananda Babu to be identified as the author of the editorial material, and of the authors for their individual 
chapters, has been asserted in accordance with sections 77 and 78 of the Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this book may be reprinted or reproduced or utilised in any form or by any electronic, mechanical, 
or other means, now known or hereafter invented, including photocopying and recording, or in any information storage or 
retrieval system, without permission in writing from the publishers.

Trademark notice: Product or corporate names may be trademarks or registered trademarks, and are used only for identification 
and explanation without intent to infringe.

Although the publisher and the author have made every effort to ensure that the information in this book was correct at press 
time and while this publication is designed to provide accurate information in regard to the subject matter covered, the publisher 
and the author assume no responsibility for errors, inaccuracies, omissions, or any other inconsistencies herein and hereby 
disclaim any liability to any party for any loss, damage, or disruption caused by errors or omissions, whether such errors or 
omissions result from negligence, accident, or any other cause.

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record has been requested for this book

ISBN: 978-1-032-35546-7 (hbk)
ISBN: 978-1-003-34193-2 (ebk)



Table of Contents

List of Figures ix

List of Tables xix

Preface xxiii

Acknowledgement xxv

Part 1: Living with Floods—Case Studies in Flood Risk Management

1. Assessing Vulnerability, Coping Mechanism & Adaptive Capacity of Community During Urban Floods:  
A Case of Kerala Floods 2018 3
B. Sneha Singh and Anil Kumar Roy

2. Flooding Problems in Periyar River Basin, Kerala—The Effects of Land Use Land Cover Changes 16
Kashish Sadhwani, T. I. Eldho and Subhankar Karmakar

3. Attitudinal Capacity and Flood Risk Management of the People of Kerala after the Flood Disaster  25
M. V. Bindu

4. Kosi Floods in Bihar: A Study from Anthropological Perspective 30
Rahul Kumar Yaduka

5. Operation Research on Flash Flood in  River Dhauli Ganga On 7th February, 2021 at Tapovan— 
Raini Village, Joshimath, Chamoli 42
Aditya Pratap Singh

6. Multi-Stakeholder Planning and Coordination for Flood Risk Reduction in Bihar 60
Vivek Kumar Singh, Geetanjali Kumari, Amrita Dhiman and Amritanjali Kumari

7. Urban Floods in the Time of Pandemic—Hyderabad 2020 68
Vijaya Kumari Nunna

8. Himalayan Flash Floods, the Complexities and Challenges in Mitigation: Case Study of Chamoli Disaster 73
Agraj Upadhyay, S. K. Joshi and P. K. Satyawali

Part 2: Planning and Managing Risks of Floods and River Erosion

9. Cloudburst Induced Flood Assessment in the North-Western Himalayan Region— 
A Case Study of Upper Beas Basin 89
Sachchidanand Singh and Mitthan Lal Kansal

10. PARA-FM: Graphical User Interface for Emergency Flood Planning and Management 100
Utsav Rai, Durgakant Pushp, Aditya Choudhary, Amit Kumar, Chaitanya B., Rolif Lima, Abhinay N. S., 
Rudrashis Majumder, Shuvrangshu Jana, Kaushik Das and Debasish Ghose

11. Flood Response to Geomorphic Setup and Coastal Land Use Patterns: A Case Study in  
Krishna River Delta, Andhra Pradesh, India 107
M. V. Ramana Murty, K. Mruthyunjaya Reddy and K. V. Swamy

12. Flood Hazard Mapping for Disaster Management: Multisectoral Approach for a Riverine Region 120
Deeksha Biswas and Anurag Bagade

13. Benefit-Cost Analysis of Flood Management, A Case Study of Jammu and Kashmir 130
Kowser Ali Jan and R. Balaji

14. Tackling River Erosion: A Post-Disaster Transformative Framework 136
Siji Chacko and Anil Kumar

15. Flood Inundation Mapping Using C-band Synthetic-aperture Radar and Random Forest Algorithm:  
A Methodological Basis 149
Swapnil Singh Parihar and Shafique Matin



vi 5th World Congress on Disaster Management

16. Public-Private-People Partnership (4P) Framework for Managing Floods in Raigad [MH] 159
A. N. Chavan, S. M. Pore and S. R. Bhagat

17. Role of Kerala Fire & Rescue Services Department in Handling Kerala Floods 2018 168
B. Sandhya IPS, Nousad M. and Abdul Rasheed K.

Part 3: Cyclone Risk Mitigation and Management

18. Impact and Management of Super Cyclone Amphan in Odisha 179
D. Panda and M. Devi

19. At the Cross-roads in Cyclone-prone Odisha: Titli—The Butterfly’s Duel with Development 190
Geeta Vaidyanathan and Ramani Sankaranarayanan

20. Resilient Settlements Amid Cyclonic Storm—Empirical Evidence on Factors at Play from  
Southwest Coastal Bangladesh 208
Sumaiyah Binte Mamun and Khandaker Shabbir Ahmed

21. Climate Change Induced Cyclones in Arabian Sea and Mitigating the Emerging Risks for Small  
Scale Fishermen Community 229
Vaishnavi and Katyayini Sood

22. Vulnerability Assessment of a Cyclone Affected Community Kapateswar, Puri Sadar 240
Chestha Khurana and Meghna Chatterji

23. Evolution of Vulnerability to Cyclones: A Study of Storm Surge Vulnerability in the  
Coastal Blocks of South Twenty-four Parganas, West Bengal During 1997–2019 256
Nandita Singh and Neeti Neeti

24. Study and Impact of Cyclones Over Coastal Regions of India 262
Aakanksha Darge and S. R. Bhagat

Part 4: Managing Risks of Drought

25. Machine Learning Tools and Techniques for Prediction of Droughts 273
Rashmi Nitwane, Vaishali D. Bhagile and R. R. Deshmukh

26. Assessment of Rainfall Variability and Drought Features in Bundelkhand Region of  
Madhya Pradesh, India 278
R. V. Galkate, R. P. Pandey and Shalini Yadava

27. Drought Crisis In Rajasthan and Their Management 290
Harish Samaria

28. Floods as Prequels to Droughts and Lessons for Drought Resilience 296
I. Kavila, B. V. Hari and Amrutha Sasidharan

29. Reliability, Resilience, and Vulnerability Risk Assessment of Extreme Hydrological Disasters  
Using Gravity Recovery and Climate Experiment (GRACE) of India 302
Sachin Bhere and Manne Janga Reddy

30. A Survey of Drought Impact and Mitigation in the State of Telangana 311
Vijaya Kumari Nunna

Part 5: Climate Change and Disasters—New Dimensions

31. Role of Local Sea-level Rise on Disaster Exposure in Coastal Island 319
Vinay S., Aishwarya N. and Bharath H. A.

32. Spatial Variability of Climate Extreme Indices Over Mahanadi Basin (India) 328
R. K. Jaiswal, A. K. Lohani, R. V. Galkate and S. Jain

33. Climate Change—Induced Natural Disaster: A Case Study of 2013 Kedarnath Disaster, 
Uttrakhand 336
Neha Gupta, Josodhir Das and James Xavier Paul



Table of Contents vii

34. Framework for Evaluating the Physical Infrastructure Vulnerability Due to Relative Sea-Level  
Rise in Coastal Districts of Kerala—Case of Alappuzha 345
R. S. Vishnu and Anurup K.

35. Increasing Risk of Glacial Lake Outburst Floods (GLOFs) as a Consequence of Climate Change  
in the Himalayan Region 405
Ahmed Faraz Khan

36. Glacial Lake Outburst Flood Modelling 413
A. K. Lohani, Sanjay K. Jain and R. K. Jaiswal

37. Comparative Analysis of Developed, Developing and Underdeveloped Countries in Regards to  
Climate Change and Global Policies 420
Aanchal Pundir

38. The Most Credible 05 Elements to Tackle Displacement in Nearest 10 Years of Asia 433
Mahendra Jagath Kuragodage

39. Climate Change and its Interconnectedness with Natural Disasters: A Global Perspective 446
Areeba Naaz and Parvez Hayat IPS

40. Climate-Induced Displacement and Climate Disaster Law: Challenges and Opportunities 452
Sunil Kumar Chaudhary

41. Climate Hazards and the Role of Local Authorities: Exploring the Indian Legal Framework 458
Chandrika Mehta

Part 6: Technological Disasters

42. An Incident of Styrene Monomer Gas Poisoning at Visakhapatnam 465
Chandrasekhar Krishnamurti, M. D., Saurabh Dalal and Mounika Jonnavittula House Surgeon

43. Chemical Disaster: Leakage of Styrene Gas at L. G. Polymers, Vishakhapatnam (Andhra Pradesh) 469
Anupam Srivastava

44. Managing a Blackout—The Consequences of an Oil Spill at Sea 479
Malini S. Shankar and K. M. Sivakholundu 

45. Baghjan Fire: A Case Study of the ‘2020 Assam Gas and Oil Leak’ at Baghjan Oil Field,  
Tinsukia, Assam 483
Swapnali Gogoi, Bubu Baruah and Annekha Chetia

46. Assessing the Risk of Fire Hazard: A Case Study of Delhi 498
Kanika Bhatia and Aakash Upadhyay

47. CBRN Management in India 513
Pankaj Kumar

48. Covid-19 Necessitates Review of Existing Framework for Management of CBRN  
Disasters/Emergencies in India 525
Brigadier Kamal Singh Chauhan

Part 7: Other Disasters

49. Are Strong Aftershocks Always Triggered by a Positive Coulomb Stress Change?: 
A Case Study of the 2018 Indonesia (Sulawesi) MW 7.5 Tsunamigenic Earthquake 535
Nazeel Sabah and Daya Shanker

50. Sedimentation Modeling of 2004 Indian Ocean Tsunami: Towards Early Warning Strategy 547
Abdullah Ansari, Javed N Malik and Shivam Tripathi

51. Forest Fire Risk Zone Mapping in Parambikulam Tiger Reserve, Western Ghats, Kerala, India  
Using Geospatial Techniques and Fire Risk Index (FRI) Method  550
Shalu George, Kripa K., Anbazhagi S. and Muthukumar Muthuchamy

52. Forest Fire Early Detection System using Wireless Beacon Network and UAV based Object Detection 560
Amal Sujith, Sagar Sajeev and Vishnu O. V.



viii 5th World Congress on Disaster Management

53. Patterns and Consequences: Australian Bushfires 570
Ritu Bir and Meenakshi Singh

54. Global trend of Forest Fire and its Management 574
Rajesh Thakur

55. Building Disaster Resilience to Cloud Burst Events in Uttrakhand, India 590
Anjali Saraswat and Satish Pipralia

56. Heat Wave and Outbreak of Encephalitis—A Case Study of Bihar 597
Sunil Kumar Chaudhary



List of Figures

1.1 Settling the regional context 4
1.2 Map of Aluva showing household data across wards 4
1.3 Map of Aluva showing distribution of community across wards 5
1.4 Exposure based on density across wards in Aluva 5
1.5 Map of Aluva showing duration of inundation across wards 6
2.1 Periyar river basin 17
2.2 (a) DEM (b) Soil Map (c) Slope map of PRB 18
2.3 LULC a) 1988; (b) 2002; c) 2016; d) 2030 for PRB 20
2.4 Scattered plots between the observed and simulated monthly streamflow values for (a) calibration and  

(b) validation period. 21
2.5 LULC change impact on (a) Outflow (b) Precipitation and (c) Maximum runoff; with LULC 1988,  

2002, 2016 and 2030 during August 2018 in PRB 22
2.6 Spatial variation of (a) Precipitation; %Change in Runoff (b) LULC 2002-1988 (c) LULC 2016-1988 and  

(d) LULC 2030-1988 for PRB on 16 August 2018 23
3.1 Geographical area of the study area 26
3.2 Attitude level of respondents Alappuzha districts 27
3.3 Attitude level of the respondents Pathanamthitta districts 28
4.1 Map showing the course of the river Kosi and major locations on its way 30
4.2 Image showing different channels through which the river Kosi has flown at different points of time  

starting from Purnea in 1731 to Nirmali in 1963. 32
4.3 Image waterlogging due to poor drainage on the countryside. 33
4.4 Map displaying administrative divisions of Supaul district in Bihar 38
4.5 Image showing motorcycle being loaded on a small boat to cross a stream of the river Kosi near  

Khokhnaha village lying between the embankments and a government-run school in the village  39
4.6 Image showing widespread silt brought by the river Kosi that makes agriculture and transportation difficult 39
4.7 Image showing the condition of silt-laden land inside the embankments 40
5.1 River Dhauli Ganga ravaged the Tapovan Hydroelectric power project 42
5.2 River system of Uttarakhand 43
5.3 Seismic Zone of Uttarakhand 44
5.4 Rainfall data of Uttarakhand 44
5.5 Landslide susceptibility Zonation from Helang to Artificial lake at Peng near Raini village 44
5.6 Probable impact zone at Rongti Gad  44
5.7 Sediment deposition in Rishiganga River after the incident (Before & after)  45
5.8 Tapovan hydroelectric power plant (Before & after the sediment deposition by Dhauliganga river)  45
5.9 Barrage gates of Tapovan hydroelectric power plant  46
5.10 Source of rockslide and its impact site at Rongti Gad 46
5.11 NDRF Team movement 47
5.12 NDRF Team movement at Hindon airbase and Joshimath helipad respectively 47
5.13 Tapovan tunnel layout 48
5.14 Outside & inside view of Tapovan Tunnel 49



x 5th World Congress on Disaster Management

5.15 Tapovan barrage 49
5.16 Rishiganga power project, Raini village 49
5.17 Manual search along the river Alakhnanda 50
5.18 Night operation at Tapovan Barrage 50
5.19 Operation at Raini Village 50
5.20 Flow of sludge inside Tapovan tunnel 51
5.21 Operation inside the Tapovan tunnel 52
5.22 Making a borehole inside the Tapovan tunnel 52
5.23 Inserting the camera inside the borehole 52
5.24 Inside view of the borehole 53
5.25 Dead body retrieval by NDRF 53
5.26 Water logging inside the Tapovan tunnel 53
5.27 Aerial view of Glacial Lake at Peng, near Raini Village 54
5.28 Outside view of Tapovan tunnel 55
5.29 IRS chart 56
5.30 Picturesque view of Nanda Devi peak 59
6.1 River zones in Bihar 62
7.1 Imagery showing the storm direction 68
7.2 Depression in Bay of Bengal 69
7.3 Location Map 69
7.4 Rainfall in Hyderabad 69
7.5 Record Rainfall and Flooding 69
7.6 Urban floods from 2006 to 2016 in Hyderabad 70
7.7 Waste management 71
7.8 Flood Mitigation Measures 71
8.1 (a) An aerial photograph of the rock and ice failure surfaces (Photograph by team DGRE)  

(b) Crown crack (Bergschrund) shown in a satellite image of 7th October 2017 75
8.2 Visual interpretation of various failure surfaces (Aerial photograph by team DGRE) 76
8.3 (a) Probable status of detachd rock mass (a) prior to snowfall on 4th February- 2021  

(b) After 5th February on cessation of snowfall 77
8.4 (a) Trajectory of debris flow event from release location to under construction Tapovan  

Hydro-power plant (b) Initial trajectory of the flowing mass causing damage to trees  
(Satellite image: Maxtar technologies, Google Earth 2021) 78

8.5 Characteristics of flow channel (a) A sharp narrow bend just before Raunthi-Rishiganga confluence  
(b) A sharp narrow bend just after Raunthi- Rishiganga confluence (c) A narrow channel downstream of  
bend in Fig. 8.5(b) with rocky side slopes (d) A nearly straight channel downstream of narrow channel  
shown in Fig. 8.5(c) 79

8.6 (a) Lake formed on Rishiganga river due to debris deposition (b) Highest flow mark showing back flow of  
material over the earthern dam over Rishiganga river (c) T- junction near Raini village (b) Back flow in  
Dhauliganga and lake formation due to deposits 80

8.7 Simulation results (a) Flow height contours (b) Flow velocity contours 81
8.8 (a) Variation of elevation along the flow path (b) Variation of flow height and flow velocity along the  

centre of the flow path obtained in simulation results 81
9.1 Major cloudburst locations in the Upper Beas basin  91
9.2 The spatial distribution of average annual rainfall (a) and mean air temperature (b) over the state 94
9.3 The list of anthropogenic activities in the Himalayan states that degrade the river ecosystem  94



List of Figures xi

9.4 The SCS unit hydrograph and DRH for the upper Beas basin 96
9.5 The ordinates of unit hydrograph and cloudburst hydrograph 96
9.6 The direct runoff hydrograph for the effective rainfall of 15.5 cm in 3-4 hours 96
9.7 The unit hydrograph and DRH, as obtained from the SUH method. 97
9.8 The unit hydrograph and DRH as obtained from the CWC method for Zone 7. 98
10.1 Software framework for disaster management 102
10.2 Login window 103
10.3 Dashboard page presenting topical data 103
10.4 A 5-tab input page 104
10.5 Tab 1 populated with data 104
10.6 Resource tab 104
10.7 Adding available resource table 104
10.8 Dynamic table insertion for allocating resources to each affected district 105
10.9 Listing demand for resources needed by individual districts 105
10.10 Adding specifications for each affected district dynamically 105
10.11 Adding weights to each affected district and its specifications as required by DSS 105
10.12 Result of resource allocation for each affected district from the input provided by the user 105
11.1 Location map of Krishna river delta  109
11.2 Inundation mapping during different flood events and integrated: 2(a) May 1990; 2(b) October 2005;  

2(c) September 2016; 2(d) Integration all three flood events 111
11.3 Geomorphology and its proneness to coastal flooding 113
11.4 Land use/ land cover map (2015-16) 116
11.5 Percentage distribution of Land use/ land cover (2015-16) 117
12.1 Key map showing the location of the study area-Revenue circles within Dibrugarh district, Assam, India 121
12.2 Highest Flood level from 1998 to 2017 of Brahmaputra River in Dibrugarh 123
12.3 Land Cover Supervised Classification of Dibrugarh district, Assam, India  

(Image date-January 2015, July 2015) 123
12.4 NDWI analysis of Dibrugarh district, Assam, India (Image date-January 2015, July 2015) 124
12.5 (a) Elevation Profile from Aster Dem for the district of Dibrugarh, (b) Direction of the slope in the riverine  

region of Dibrugarh district, (c) radial buffers of the erosion points within the district based on expert  
opinion on water bodies, (d) radial buffer of confluence points of tributaries Burhi Dihing, Sessa, Dihang,  
Dibru, e) proximity to rivers of the Upper Brahmaputra basin within the district of Dibrugarh-Brahmputra,  
Burhi Dihing, Sesaa, Disang, Dibru rivers. 125

12.6 Methodology used in the study for creating flood hazard map 126
12.7 The flood hazard map showing the most flood prone areas in the district of Dibrugarh 127
14.1 River Basins of Bihar 139
14.2 Rivers of Bihar and River Gandak 140
15.1 The study area is in Bihar state (India). The red bounding box indicates the study area overlaid on Sentinel  

2 colour composite. 151
15.2 Schematic of methodology adopted in this study for flood extent delineation 154
15.3 The classification results of the Random Forest algorithm shows the temporal change in the flood extent of the  

Kosi river in the year 2019 155
16.1 (a) River Map of Raigad (b) Major ULBs in Raigad 161
16.2 (a) Flood Inundation 2021 (b) Flood Inundation of Savitri River 162
16.3 (a) Response work by NDRF (b) Rescue of locals from SAR teams 163
16.4 BLCT: Build, Lease, Coordinate, Transfer 165



xii 5th World Congress on Disaster Management

16.5 MLCT: Modify, Lease, Coordinate, Transfer 165
16.6 MOCT: Modify, Operate, Coordinate, Transfer 166
16.7 LOCT: Lease, Operate, Coordinate, Transfer 166
M17.1 Kerala – Physical 170
17.1 The extent of flood 170
17.2 Rescue in Land slide area 170
17.3 Dam opened Picture 4: Heavy current of rainwater through inhabited areas 171
17.4 Aerial view of flood – entire building except the weather protection roofing is under water 171
M17.2 Flood and Landslide affected areas 173
18.1 The study area- Odisha 181
18.2 Track of the Super Cyclone Amphan 182
18.3 Rainfall in mm from 20-21 May 2020 in the districts of Odisha 182
18.4 Population affected in the Districts 182
18.5 Number of houses damaged in the districts 182
18.6 Extent of Damage lakh 183
18.7 Croped area affected in Ha 183
18.8 Damage in Energy sector in the district 183
18.9 Department wise Damage Rs. In lakh 183
18.10 Satellite image showing flood inundated areas due to Amphan 185
18.11 Vulnerability map of Odisha due to Amphan 185
18.12 People evacuated due to the impact of Amphan 187
18.13 Number of Shelters for evacuated people 187
18.14 Rescue teams deploid in the vulnerable areas 187
19.1 Number of disasters globally by type, between 1980-99 and 2000-2019 (CRED, 2020) 191
19.2 Role that can be played by an architect (adapted from AIA 2017), in disaster management of  

a cyclone like Titli 193
19.3 Components for analysing disaster risk 194
19.4 Topographical map showing the resettled villages studied (Topo Sheet no: 74A-8c) 195
19.5 Map of the study region 197
19.6 Livelihood Plan based on local resources developed in the community, in the year 2005  

(Vaidyanathan, 2009) 198
19.7 Time lapse images of villages around Burataal, Ganjam district showing resettled Marmaria village 200
19.8 Extract for Ganjam, UNDP’s compendium of Rural housing typologies  

(United Nations Development Program, UNDP, 2016) 202
19.9 Collage showing current building trend. 203
19.10 Comparing the three resettled villages: pages from author’s field notebook. 204
19.11 Time lapse images of Billosahi village, Gajapati district 205
20.1 Financial value of the property or fixed asset damage (in USD) 209
20.2 Frictional force (Modified after: Ali & Choudhury, 2014) 209

20.3 Methodology diagram 211
20.4 D- Form Data after Aila of Shamnagar Upazila , Satkhira District 212
20.5 Satellite Image of Padmapukur Union and Gabura Union after Aila -3.1.2010 213
20.6 Left: Satellite Image (Source: Google earth) of Ghorkumarpur village after Aila -3.1.2010 and  

Right: household image at Ghorkumarpur village After Sidr, [Credit: Nahiduzzaman & Haas, 2008] 213
20.7 Settlement type of Ghorkumarpur village(a) and Gabura village (b) 214



List of Figures xiii

20.8 Survived home stead at clustered pattern neighbourhood during Aila at Ghorkumarpur village  
[field survey, 2015 and Google earth image] 215

20.9 Modelling area of Ghorkumarpur village (Created on COMSOL) 223
20.10 Wind speed at 5m grid line along XZ plane 225
20.11 Wind speed at 20m grid line along YZ plane 226
20.12 Zones having wind speed up to 6m/s when U0 =75 m/s (270 km/h). 226
21.1 Possible reasons of increase in frequency 231
21.2 SST in Arabian Sea 231
21.3 Cyclone Trend 232
21.4 Decadal growth of Marine Fishing in India (1980 - 2020) 233
21.5 State-wise (West Coast) Marine Fish Production in India (2015 - 2020) 234
21.6 Gender wise Fishermen Population 235
21.7 Faces of Vulnerability; Pressure and Release Model (Part I) 236
21.8 Faces of Safety; Pressure and Release Model (Part II) 237
22.1 Destruction caused by cyclone fani, 2019 – Puri, Odisha 241
22.2 Malilsahi  village, Puri sadar 242
22.3 Terrain Map of India 244
22.4 (a) Map of odisha, India, (b) Kapateswar village, Puri sadar 244
22.5 Dhobi ghat & fishing – river Bhargavi, Kapateswar 245
22.6 Brick opposite to the village 245
22.7 Backside of Kapateswar village showing traces of cyclonic distruction, 2020 245
22.8 Affected dwelling units, Kapateswar 246
22.9 View of Kapateswar shiv temple, Kapateswar 246
22.10 Methodology for the vulnerability assessment 247
22.11 Existing site plan- Kapateswar village, Puri 248
22.12 Temple lane elevation, Kapateswar, Puri 249
22.13 South side elevation Kapateswar, Puri 249
22.14 North side elevation, Kapateswar, Puri 249
22.15 Present condition of the dwelling units 249
22.16 Occupation of the village 250
22.17 Type of Constructions 250
22.18 Type of constructions 250
22.19 Materials used for construction before and after cyclone 251
22.20 Kapateswar shiv temple, Puri Sadar 252
22.21 Occupation & type of housing 253
22.22 Amount of damage and construction 253
22.23 Per material damage assessment 253
22.24 Vegetation recorded before and after the cyclone 254
23.1 The study area map depicting the coastal blocks of South Twenty-four Parganas. 258
23.2 Changing patterns of vulnerability to storm surges in coastal blocks of South Twenty-four Parganas;  

a: 2004, b: 2009, c: 2014 and d: 2019 261
24.1 Cyclone occurrence during 1891–2013 263
24.2 Cyclone vulnerability of Eastern Coastal India 263
24.3 Cyclone Fani 265
24.4 Predicted Path of Cyclone Fani 265



xiv 5th World Congress on Disaster Management

24.5 Effect of Cyclone Fani 265
24.6 Restoration in Village Area by NDRF Team 266
24.7 Predicted path of Cyclone Nisarga 267
24.8 Tree fallen on Kaccha House Due to Nisarg Cyclone 267
24.9 NDRF Team Working After Cyclone 267
24.10 Monitoring and Forecasting Process of Tropical Cyclones over NIO 268
25.1 Machine learning Process 274
26.1 Map showing Study area: Bundelkhand region of Madhya Pradesh 280
26.2 Spatial variation in annual rainfall and rainy day in Bundelkhand 282
26.3 Annual rainfall departure (%) at five stations of Bundelkhand region Table 284
26.4 Annual Rainfall Probability distribution analysis at Sagar 285
26.5 SPI graphs of Sagar station on a different time scale 286
27.1 Study area 291
27.2 Rainfall status of monsoon year 2016 293
28.1 Population density per square kilometre versus area in square kilometre of the most densely populated  

regions of the world (data courtesy wikipedia.org, figure by authors). 297
28.2 Accumulated direct runoff Q (cm) versus accumulated rainfall depth P (cm) for Ia values 0.2 and 0.1,  

each for CN values 25 and 75 (figure courtesy: Kavila 2021). 299
29.1 GRACE-based index of three GRACE’s TWS datasets. The events above zero line are considered as  

satisfactory events, and the events with negative values are unsatisfactory events. 305
29.2 The spatial variation of the trend of GRACE-based index of JPL, CSR, and GFZ data. 306
29.3 The Reliability-Resiliency-vulnerability-Sustainability map of JPL, CSR, and GFZ datasets. 307
29.4 The trend of snow depth. The graph shows the negative trend across the Himalayan region. 308
29.5 The trend of groundwater level. The map shows the location of the groundwater observation wells, and  

the map is created using the IDW method to form a grid. The graph next to the map shows the negative  
trend in Punjab and Haryana state, which shows the drastic reduction in the groundwater levels. 309

29.6 The trend of surface runoff. The map shows the spatial distribution of the trend of the surface runoff by the  
GLDAS product. The graph next to it shows the negative trend of the runoff at the south peninsular zone of  
rainfall and the Cauvery river basin. 309

30.1 Location map of Telangana state 312
30.2 Drought situation in districts 312
30.3 Agricultural drought assessment—October 2015 312
30.4 Drought scenario 313
30.5 Paddy crop withers due to dry conditions 313
30.6 Water scarcity 313
30.7 Migration of rural folk 314
30.8 Dry land Farming 315
30.9 Combat Drought & Desertification 315
31.1 Trends in temperature, natural hazards and SLR (CDC, 2017; EM-DAT, 2020) 320
31.2 Study Area 321
31.3 Method 322
31.4 Land use dynamics and Sea level rise 323
31.5 Temperature Dynamics 324
31.6 Rainfall Patterns 325
31.7 Inundation during Amphan and Yaas cyclones 325
31.8 Exposure levels of Sagar Island 326



List of Figures xv

32.1 Location map of Mahanadi basin in India 330
32.2 Grids in Mahanadi basin  330
32.3 Graphical user interface of ClimPACT2 332
32.4 Spatial distribution of few extreme indices in the Mahanadi basin 334
33.1 Total number of hydrometeorological and related disasters in Bangladesh, Bhutan, India, Myanmar, and  

Nepal (1974-2003) 338
33.2 Study area 339
33.3 Time series analysis of land surface temperature from 2010-2017 over Kedarnath region 339
33.4 Correlation of LST and rainfall during 2013 over the Kedarnath region 340
33.5 Increasing trend of Min, Max and average temperature from 2010-2020 over Kedarnath region 340
33.6 Distribution of GPM satellite rainfall over Kedarnath region from the year 2000–2020 341
33.7 Graph representing daily rainfall, snow cover area, and land surface temperature over  

Kedarnath during June 2013 341
34.1 Natural Regions of Kerala 346
34.2 Physiography Map of Alappuzha District 347
34.3 Inhabitants of Pattamthuruthu at a crushed and submerged bridge, December 2018 350
34.4 Projected avg. annual flood heights in 2050 of Mumbai 351
34.5 Projected avg. annual flood heights in 2050 of Kolkata 351
34.6 Projected avg. annual flood heights in 2050 of Chennai 351
34.7 Old Sea level projection for Kerala.2050 352
34.8 New Sea Level projection for Kerala, 2050 352
34.9 Ranking of Variables in the Coastal Vulnerability Index 353
34.10 Alappuzha District - Taluk Boundary Map 356
34.11 Alappuzha District - Taluk Population Density Map 358
34.12 Alappuzha District -Taluk Impacts on coastline settlement map 359
34.13 Alappuzha District -Taluk Elevation Map 360
34.14 Alappuzha District - Taluk Flood Prone Area Map 361
34.15 Alappuzha District -Taluk SLR risk area 2050 Map 362
34.16 Alappuzha District - Taluk CHVI Map 364
34.17 Ambalapuzha Taluk - Local Bodies Boundary Map 365
34.18 Ambalapuzha Taluk - Local Body Boundary Map  366
34.19 Ambalapuzha Taluk - Local Bodies Population Density Map 368
34.20 Ambalapuzha Taluk - Local Bodies Impact on Coastline Settlement Map 369
34.21 Ambalapuzha Taluk - Local Bodies Coastal elevation potentiality Map 370
34.22 Ambalapuha Taluk - Local Bodies Flood Prone Area Map  371
34.23 Ambalapuzha Taluk - Local Bodies SLR risk areas by 2050 Map  372
34.24 Ambalapuzha Taluk - Local Bodies CHVI Map 374
34.25 Methodology for assessing decadal relative sea-level rise 375
34.26 Assumed projection of Relative sea-level rise trend and its respective land elevation at risk of  

inundation for Alappuzha Municipality 376
34.27 Shoreline Map of Alappuzha Municipality 1990 377
34.28 Shoreline change Map of Alappuzha Municipality 2000 378
34.29 Shoreline change Map of Alappuzha Municipality 2010 379
34.30 Shoreline change Map of Alappuzha Municipality 2020 380
34.31 Shoreline change Map of Alappuzha Municipality 1990 – 2020, overlaid with contour 381



xvi 5th World Congress on Disaster Management

34.32 Alappuzha Municipality RSLR 2050 Contour Map  382
34.33 Alappuzha Municipality 2030 RSLR risk areas Map 383
34.34 Alappuzha Municipality 2040 RSLR risk areas Map 384
34.35 Alappuzha Municipality decadal RSLR risk areas Map 385
34.36 Potentially vulnerable land use to decadal RSLR of Alappuzha Municipality 386
34.37 Potentially vulnerable roads to decadal RSLR of Alappuzha Municipality 387
34.38 Potentially Vulnerable Buildings to decadal RSLR of Alappuzha Municipality 388
34.39 Map showing Decadal RSLR range line, CRZ II, CRZ III, 2018 Flooded area, and Safe/buildable  

areas of Alappuzha Municipality 389
34.40 Map showing Proposed land use and proposals 2031 overlaid with Decadal RSLR risk areas of  

Alappuzha Municipality 394
34.41 Thaneermukkom Barrage constructed to regulate seawater into Vembanad lake in the south from its  

northern half 395
34.42 Kerala became the first state to provide the opportunity to enjoy seaplane rides in India 395
34.43 Aggressive waterweeds in canals of Alappuzha Municipality 395
34.44 Low maintenance of canals in Alappuzha municipality. 395
34.45 Housing boat service is famous in Alappuzha, Promoting tourism 396
34.46 Commercial canal in 1971 of Alappuzha Municipality 396
34.47 Existing canals and Water transportation routes  397
34.48 Location of RO plants in Alappuzha Municipality 397
34.49 Projected Traffic volume capacity ratio in 2031  398
34.50 Study Proposal Map of Alappuzha Municipality 402
35.1 Glaciers and glacial lakes along the entire stretch of the Himalayas (Bhutan, China, India, Nepal and  

Pakistan) 406
35.2 Two patterns of ice-dammed/glacial lakes and breach mechanisms (Walder and Costa, 1996) 406
35.3 Earth’s surface temperature variation curve over the past 20,000 years 408
35.4 Trend of the concentration of CO2 in Earth’s atmosphere from year 1000 to year 2000  

(data obtained from polar ice cores and direct atmospheric measurements over the past few decades 
2000–2100 projections of the concentration are based on the IPCC’s six illustrative SRES scenarios  
and IS92a 409

35.5 Shifting isothermic dynamics along southern slopes of HKH ranges showing a general northward trend  
(Rasul et al., 2008) 409

35.6 Glacial Environment and Potential GLOF Lakes in Different Karakoram Basins, Pakistan  
(Arshad et al., 2011) 410

36.1 Location of cross sections at 1 km interval downstream of lake 416
36.2 Cross sections at 1 km interval downstream of lake 416
36.3 GLOF Hydrograph at Outlet 417
38.1 Shows displacement population from 2015-2019 by natural hazards & other risks 434
38.2 Shows displacement population needs in Mn at 2020 437
38.3 Shows displacement population in different age category at 2020 438
38.4 Shows Data from IDMC’s disaster displacement database shows that 54% of all events in 2019  

displaced fewer than 100 people 439
38.5 Shows The impacts of slow-onset events to ecosystem and driven to displacement 441
38.6 Shows Slow-onset events which effected to create disasters 441
38.7 Shows cascading risks including biological hazards and with major risk drivers 442
43.1 Google map of Factory Locations and surrounding habitation and deaths 471



List of Figures xvii

43.2 Google map of tanks in the premises of L. G. Polymers, Vizag 472
43.3 Showing the accidental release of Styrene gas in L. G. Polymers, Vizag 472
43.4 Styrene liquid 473
43.5 Google map of Factory Locations and surrounding habitation 474
43.6 People of vicinity got unconscious due to inhalation of leaked hazardous Styrene gas 474
43.7 Victims admitted to the hospital after getting affected by Styrene gas 474
43.8 Victims of the nearby villages rescued and admitted to the hospitals 475
43.9 Styrene effect on trees: dried upto the height of moving of Styrene Plume 476
45.1 Location Map 492
45.2 Baghjan while burning 493
45.3 Baghjan Fire at night 494
45.4 Baghjan after the fire: The main sourcepoint 494
45.5 Burned trees, bamboo, betelnut and Tea plantations 495
45.6 The ground in the aftermath 496
45.7 Emergency compartments set up by OIL 496
45.8 The damaged machineries 497
45.9 Our team member with a participant 497
45.10 Houses being rebuilt 497
46.1 Location of Study Area (Delhi) in India map 500
46.2 Location of Study Area (Delhi) along with its Districts 500
46.3 Study Sites across Delhi 501
46.4 District wise population density 504
46.5 Household Risk Perception 504
46.6 Household Risk Perception 505
46.7 Distance of Fire Stations 505
46.8 Distance of Fire Stations 506
46.9 Location of Fire-stations in Delhi 507
46.10 Land Use – Land Cover, 2000 508
46.11 Land Use – Land Cover, 2021 508
46.12 NDVI, 2000 509
46.13 NDVI, 2021 510
46.14 Fire Vulnerability 511
47.1 Comparative probability chart for Nuclear accidents  515
47.2 Chemical Incidents in Media 2016-17 516
47.3 Chart showing Occurrence Gas Global leak disasters from 1950 to 1975 516
47.4 Chart showing Occurrence Gas Global leak disasters from 1976 to 2000 516
47.5 Chart showing Global Occurrence Gas leak disasters from 2001 to 2021 516
47.6 Chart showing Global deaths from Gas leak disasters from 1950 to 1975 517
47.7 Chart showing Global deaths from Gas leak disasters from 1976 to 2000 517
47.8 Chart showing Global deaths from Gas leak disasters from2001 to 2021 517
47.9 Chart Indicating awareness level of people reg HAZCHEM/MSDS 518
47.10 Chart occurrence of showing Global Transport disasters from 1950 to 1975 519
47.11 Chart showing occurrence of Transport Global disasters from 1976 to 2000 519
47.12 Chart occurrence of showing Global Transport disasters from 2001 to 2021 519



xviii 5th World Congress on Disaster Management

47.13 Chart Indicating awareness level of people reg response mechanism to chemical incident 521
47.14 Chart Indicating awareness level of people reg response mechanism to biological incident 521
47.15 Chart Indicating awareness level of people reg response mechanism to radiological incident 521
47.16 Chart Indicating sensitization of people reg WMD 523
47.17 Chart Indicating sensitization of people Dos and Don’ts in case of use of CBRN materials 523
47.18 Chart Indicating preparation of people against CBRN Warfare 523
49.1 Geology of Sulawesi Island (Maulana, 2018) 537
49.2 Tectonic map of the world, the plates in interaction around Indonesia are clearly presented  

(Encyclopædia Britannica) 538
49.3 Epicentre of Earthquakes (Main event and Aftershocks) and surface traces of surrounding main faults  

(Palu-Koro fault shown as disconnected red lines) 538
49.4 (a-l) Coulomb Stress Change Illustration of MW ≥ 5 aftershocks on both nodal palnes as developed using  

Coulomb 3.3 software (Toda et al., 2011) 545
50.1 Conceptual model of tsunami sedimentation modeling [2] 548
51.1 (a) Map of India highlighting Parambikulam Tiger Reserve, (b) Digital Elevation Model of Parambikulam  

Tiger Reserve 551
51.2 Flow chart of the methodology adopted for the study 554
51.3 Land cover type 554
51.4 Normalized Difference Vegetation Index 555
51.5 Land Surface Temperature 555
51.6 Temperature 555
51.7 Rainfall 555
51.8 Wind speed 556
51.9 Elevation 556
51.10 Slope 556
51.11 Aspect 556
51.12 Distance from settlement 557
51.13 Distance from road 557
51.14 Distance from drainage 557
51.15 Forest fire risk zone map of Parambikulam Tiger Reserve 558
52.1 Expected Flight Operation 563
52.2 LoRa Module 563
52.3 LoRa Transmitter and Receiver 563
52.4 Back-Forth Implemented near Banasura Sagar Dam 564
52.5 Python Shell and Command Prompt window with base location 565
52.6 Logic section of the Drone 565
52.7 Wind Direction and Speed 566
52.8 Quadcopter Simulation behaviour on GCS 566
52.9 Fixed-Wing based Simulation behaviour on GCS 566
52.10 Input Image 567
52.11 Output Image 567
52.12 Pre-processed Image and Original Image 567
52.13 WSN based temperature prediction system 567
52.14 Prediction result using Linear Regression model 567
52.15 Phase 1 implementation in Banasura Sagar, Wayanad, Kerala 568
52.16 Prediction result table sample using Linear Regression model 568



List of Figures xix

53.1 Australian annual mean temperature above/below average (°C)  
(Australian Government Bureau of Meteorology) 571

54.1 Trends in Forest Annually Affected by Fire by Region, 1990–2005 578
54.2 Area burned, number of fires and suppression costs for the USA with linear trend lines (1991–2015) 579
54.3 Graphical Representation showing the total forest fires in 13 years 581
54.4 Map Showing fire prone forest areas under different fire prone classes 581
54.5 Diagrammatic Representation showing the percen-tages of Fire Prone Areas 582
54.6 MODIS-based forest fire detections in the country during the fire season 2019–2020 583
54.7 Map showing the eight physiographic zones of the country 584
54.8 Graph depicting the estimated burnt forest areas (in ha) in different physiographic zones of the country  

during the fire season 2019–20 584
54.9 Graph depicting the average burnt forest area per forest fire event (in ha) in different physiographic  

zones of the country during the fire season 2019–2020 585
54.10 Graph depicting percentage of total fire affected forest area (11094 sq. km) among different  

physiographic zones of the country 585
55.1 Location of Uttarakhand state in India 591
55.2 Destructions created by cloudburst events in the state of Uttarakhand 592
55.3 Four elements of resilience 593
55.4 Process for cloudburst resilience in cities 593
55.5 Topography of Uttarakhand State 595





List of Tables

1.1 Duration of inundation and Infrastructure access 6
1.2 Age of the building and severity of damage 6
1.3 Community, remittances and income range 7
1.4 Income pattern across communities 7
1.5 Income pattern & occupation pattern 7
1.6 Religion & caste diversity 7
1.7 Family type in Aluva 7
1.8 Age and illness 8
1.9 Community and place of relocation 8
1.10 Income and duration of relocation 8
1.11 Family type and level of awareness 9
1.12 Age and digital literacy 9
1.13 Income and means of monetary support 10
1.14 Income and ownership pattern 10
1.15 Medical facility available to households during floods in Aluva, Kochi 10
1.16 Communication of red alert 10
1.17 Income & food intake during floods 11
1.18 Age & food intake during floods 11
1.19 Family type and duration to get back to normal post flood 11
1.20 Income of family and during to get back to normal 12
1.21 Help got by households after returning home 12
1.22 Age of the building and duration of repairs 12
1.23 Monetary Damage & Income 13
1.24 Duration of inundation and compensation from government 13
2.1 Details of Reservoirs 18
2.2 Data Sources  18
2.3 LULC change for PRB 2002 to 2030  20
2.4 Variation in Outflow during August 2018 in PRB by changing LULC from 2002 to 2030  22
3.1 Number of affected households 27
4.1 showing historical minimum, maximum and average discharge values in some river of Bihar 31
4.2 Tabulation of maximum discharge in the river Kosi in different years immediately after independence of  

the country in 1947 34
4.3 Table showing relation between different actors involved in the formulation and implementation of  

Kosi flood management policy 35
5.1 Number of operations in Uttarakhand by NDRF in last five years 43
5.2 Details of probable missing person 47
5.3 NDRF Team deployment 48
6.1 Participant’s Group Formation 62
6.2 Seven river zones in Bihar 62



xxii 5th World Congress on Disaster Management

6.3 Stakeholders and their activities in FRR 65
8.1 Average and maximum values of Flow height and velocity at the center of the flow path 82
9.1 The list of datasets utilised in this study 92
9.2 The ordinates of SCS dimensionless unit hydrograph 92
9.3 The hourly rainfall intensity obtained for the upper Beas basin 95
9.4 The land use land cover distribution with the runoff coefficient 95
9.5 The actual ordinates of SCS Unit hydrograph 96
9.6 The value of Ct and Cp and obtained Peak discharge using the Snyder method 97
9.7 The peak value obtained using each method 98
11.1 Landforms and their distribution in different flood hazard classes 115
12.1 District information at a glance 122
12.2 Ranking of Indicators for Flood Hazard Zonation 125
13.1 Classification of Direct and Indirect Benefits to the society through Cost of Damage Due to Flood Approach 132
13.2 Types of Costs 132
15.1 Details of Sentinel 1 dataset used for this study 152
15.2 The various Grey Level Co-occurrence Matrix (GLCM) descriptors with their formulae 153
15.3 The accuracy assessment results for classified images 155
16.1 Applicability and Viability Structure 164
18.1 Impact of Amphan in Odisha 184
18.2 Department wise loss due to Amphan 184
18.3 Preparedness and response to the impact of Amphan 186
19.1 State-wise distribution of Cyclonic storms: 1891-2000 (IMD as cited in (Special Relief Commissioner,  

RDM, GoO, 2018)) 191
19.2 Area affected by Very Severe Cyclone, Titli (Special Relief Commissioner, RDM, GoO, 2018) 192
19.3 Incomplete land slide vulnerability info from the Ganjam Disaster Management Plan  

(Odisha State Disaster Management Authority, OSDMA, 2019) 192
19.4 Overview of the study region (Office of the Registrar General, 2011) 196
19.5 Vulnerability assessment of housing, Ganjam district (Building Material and Technology Promotion  

Council, 2019) 199
20.1 Correlation of wind pressure with parameters of features affecting wind speed within settlement from 212
20.2 Findings from field survey 215
20.3 Findings from CFD simulation (at different wind speed within inner area of sample settlement with  

turbulent flow (XY plane) 224
21.1 List of Cyclones in Arabian Sea 232
21.2 Monthly Analysis for 120 years 233
22.1 Destruction caused by cyclone fani, 2019 – Puri, Odisha 242
22.2 Destruction caused by cyclone fani, 2019 in Puri region 242
22.3 Percentage damage per material used for construction 254
23.1 Details of data employed for deriving bio-physical and socio-economic variables for CVI calculation 258
23.2 Risk ranking of variables of storm surge vulnerability 259
24.1 Area of responsibility of ACWCs and CWCs 269
26.1 Drought classification based on SPI values 282
26.2 Descriptive statistics of rainfall in Bundelkhand region (period of 1980-2017) 282
26.3 Average contribution of seasons and highest monthly rainfall and PCI 283
26.4 Distrctwise driest and wettest year in Bundelkhand region 284



List of Tables xxiii

26.5 Drought frequency analysis in Bundelkhand region 284
26.6 Probability distribution analysis of rainfall 285
26.7 Probability of occurrence of dry events (%) on a different time scale 286
28.1 Population, area under paddy cultivation and area under rubber cultivation in Kerala from  

years 1961–2011 (data extracted from Economic Review (1961 to 2011), table by authors) 297
28.2 Range in depth to the middle of the core sample, slope of the linear fit to the plot of field capacity  

water of the sample against SOM content of the sample for samples with centres at these depths for  
forest soil, and for rubber growing soil (values as calculated using data from Anil Kumar et al 2016,  
table by authors) 298

28.3 Location of ground water monitoring well/aquifer, pre-monsoon water table drawdown rate and  
post-monsoon water table drawdown rate in cm/yr. (data extracted from Ground Water Yearbook  
(2015-16), table by authors) 299

30.1 Plummeting Ground water 313
31.1 Data used in the analysis 322
31.2 Scenario development for different time scales 323
32.1 Average and variation of different climate extreme indices in the Mahanadi basin 333
34.1 Natural Regions of Kerala 348
34.2 Parameters and rankings for Coastal Habitat Vulnerability Index 355
34.3 Digital Datasets used in the research 355
34.4 Alappuzha District - Taluk Demography 355
34.5 Alappuzha District - Taluk Land Division 357
34.6 Alappuzha District - Taluk Flood Prone area 357
34.7 Alappuzha District - Taluk Building Footprint 357
34.8 CHVI rank – Taluk (Impacts on population growth and density) 357
34.9 CHVI rank – Taluk (Impacts of settlements and shoreline extends) 359
34.10 CHVI rank – Taluk (Coastal elevation potentiality) 360
34.11 CHVI rank—Taluk (Coastal flooding/Seawater inundation potentiality) 361
34.12 CHVI Rank -Taluk Geomorphology 363
34.13 Alappuzha District – Taluk’s Coastal Habitat Vulnerability Index 363
34.14 Ambalapuzha Taluk – Local Body Demography 367
34.15 Ambalapuzha Taluk - Local Bodies Land Division 367
34.16 Ambalapuzha Taluk - Local Bodies Flood-prone area 367
34.17 CHVI Rank - Local Bodies (Impacts of Population Growth and Density) 368
34.18 CHVI Rank - Ambalapuzha Taluk Local Bodies (impacts of settlements and shoreline extends) 369
34.19 CHVI Rank - Ambalapuzha Taluk Local Bodies (Coastal elevation potentiality) 370
34.20 CHVI Rank - Ambalapuzha Taluk Local Bodies (Coastal flooding/seawater inundation potentiality) 371
34.21 CHVI Rank - Ambalapuzha Taluk Local Bodies (Geomorphology) 373
34.22 Ambalapuzha Taluk - Local Bodies Coastal Habitat Vulnerability Index 373
34.23 Net sea level rise trends along the Indian coast 376
34.24 Assumed Decadal relative sea-level rise and its respective land elevation at risk of inundation  

projection for Alappuzha Municipality 376
34.25 Population projection of Alappuzha Municipality 390
34.26 Population at Risk to decadal RSLR of Alappuzha Municipality 390
34.27 Quantification of Asset Damage to decadal RSLR of Alappuzha Municipality 391
35.1 An Overview of the Glacial Lakes in Major River Basins of Karakoram Range 410
35.2 Summary of Different Types of Glacial Lakes in Karakoram Range of Pakistan 411



xxiv 5th World Congress on Disaster Management

36.1 Empirical Equations for the Calculation of Peak Flows from Moraine and Ice Dam Failures 415
36.2 Elevation-area relationship of Glacial Lakes 417
36.3 Lateral inflow considered corresponding to 100 year return period flood 417
36.4 Flood peak due to glacial lake outburst for breach width of 50 m 418
39.1 Past and the present climate trends and variability among SAARC countries 449
46.1 Metadata of Satellite imageries 502
46.2 Land use in Delhi 509
46.3 District wise composite vulnerability 510
49.1 Basic aftershock parameters obtained from Dziewonski et al. (1981) and Ekstrim et al. (2012);  

Stress change calculations computed using Coulomb 3.3 software (Toda et al., 2011) 545
50.1 Tsunami flow data at different locations of Andaman [2] 549
51.1 Rank and Weight assigned for different causative factors of fire 552
51.2 Validation of forest fire risk zone map of PKTR 558
52.1 Flight Simulation Results 568
54.1 Largest fires of the 21st-century 577
54.5 Forest cover in different fire prone classes 582
56.1 Number of heat wave (HW) over Bihar region 599
56.2 Number of Death (HW) over Bihar region 599



Preface

The Fifth World Congress on Disaster Management (WCDM) was organised in Delhi from 24th to 27th November 2021 jointly 
by the Government of Delhi, the Indian Institute of Technology Delhi, and the Disaster Management Initiative and Convergence 
Society which created the platform of WCDM. Over the years, WCDM has emerged as the largest conference on disaster 
management in the developing world.

The theme of the Fifth WCDM was Technology, Finance and Capacity. 7 Plenary Sessions, 50 Technical Sessions and Special 
Technical Sessions were organised around this overarching theme. While eminent thought leaders and experts delivered keynote 
addresses and participated in the panel discussions of the Plenary Sessions. It is the Technical Sessions that received the longest 
traction as Call for Papers was issued for these sessions months in advance and more than 600 researchers, practitioners and 
policy makers responded with abstracts of their ideas. These were reviewed by experts and subsequently, 250 of these abstracts 
were developed as full papers. This is the second of five-volume series of compendium of these papers. 

The papers have been published in the same form these were received without any peer review to provide a flavour of the raw 
ideas that emerged from the Technical Sessions of the conference. Some of these papers presented by the young researchers 
and practitioners may not have the rigours of academic disciplines, but these do reflect the cross current of thoughts that went 
around in these sessions of the Conference. These provide new ideas and insights that provide value to the current discourses 
on the subject.

These papers have been arranged under five broad themes–first: Disaster Risk Management, second: Nature and Human 
Induced Disasters, third: Coronavirus Pandemic, fourth: Disaster Response and fifth: Challenges and Opportunities of Disaster 
Management. Understandably the papers do not cover every aspect of the themes, these discuss only those aspects that the 
authors have chosen to highlight. The present volume is a compilation of 56 papers on the theme of Nature and Human Induced 
Disasters, which is further divided into seven sub-themes, first: Living with Floods: Case Studies in Flood Risk Management, 
second: Planning and Managing Risks of Floods and River Erosion, third: Cyclone Risk Mitigation and Management,  
fourth: Managing Risks of Drought, fifth: Climate Change and Disasters: New Dimensions, sixth: Technological Disasters and 
seventh: Other Disasters.

The Conference secretariat has brought the papers together, but his credit lies solely and exclusively on the authors.

Dr S. Ananda Babu
Convener

Fifth World Conference on Disaster Management
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