
 
Directorate General NDRF & Civil Defence (Fire)  

Ministry of H ome Affairs   
East Block 7, Level 7,  
NEW DELHI, 110066, 

 

Fire Hazard and Risk  Analysis in the Country for Revamping the 
Fire Services in the Country  

 

Final  Report  ɀ State Wise Risk Assessment, Infrastructure and 
Institutional Assessment of Phase-I States  

(Chandigarh , Haryana, Himachal Pradesh , Punjab , Uttarakhand , and 
Uttar Pradesh )  

 
 

November 2012 

 

 

 

Submitted by 

 

RMSI 
 A-8, Sector 16 

Noida 201301, INDIA 
Tel: +91-120-251-1102, 2101 
Fax: +91-120-251-1109, 0963 

www.rmsi.com 

 

Contact: Sushil Gupta  
General Manager, Risk Modeling and Insurance  

Email:Sushil.Gupta@rmsi.com 

 

 

 

http://www.rmsi.com/


 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 2 of 186 

Table of Contents  

Table of Contents .................................................................................................................. 2 

List of Figures ....................................................................................................................... 5 

List of Tables ........................................................................................................................ 7 

Acknowledgements ............................................................................................................. 10 

Executive Summary ............................................................................................................ 11 

1 Introduction .................................................................................................................. 19 

1.1 Background........................................................................................................... 19 

1.2 Role of Fire Services ............................................................................................. 19 

1.3 Objective of the study ........................................................................................... 21 

1.4 Scope of the study ................................................................................................ 21 

2 Technical Details on Methodology and Data Development .......................................... 22 

2.1 Understanding of the Scope of Work .................................................................... 22 

2.2 Study Area ............................................................................................................ 23 

2.3 Phased Approach ................................................................................................. 23 

3 GIS based Fire Hazard and Risk Analysis.................................................................... 26 

3.1 GIS Data Compilations ......................................................................................... 26 

3.2 GIS - Overlay Analysis .......................................................................................... 30 

3.3 Fire Hazard and Risk Analysis .............................................................................. 32 

3.4 Hazard Ranking .................................................................................................... 33 

3.5 Exposure Vulnerability Ranking ............................................................................ 41 

4 Field Surveys of Fire Stations for Data Collection ........................................................ 53 

4.1 Field-Survey of individual Fire Station and collection of Headquarter Data ........... 53 

4.2 Stakeholder Analysis ............................................................................................ 54 

5 Development of Fire Decision Support System (FDSS) ............................................... 55 

5.1 Salient Features .................................................................................................... 55 

5.2 High Level Design ................................................................................................. 55 

5.2.1 Data Warehouse ............................................................................................ 57 

5.3 Platform Components ........................................................................................... 58 

5.4 System Administration Interface ............................................................................ 60 

5.5 Application Interface ............................................................................................. 60 

5.5.1 Technology .................................................................................................... 61 

5.6 Advantages of Open Source Platform ................................................................... 63 

5.7 Identification of Gaps in Infrastructure, Up-gradation and Modernization 
Requirement .................................................................................................................... 64 

5.7.1 Infrastructure gaps ......................................................................................... 64 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 3 of 186 

5.7.2 Equipment Gaps ............................................................................................ 64 

5.7.3 Capacity gaps ................................................................................................ 64 

5.8 Preparation of detail cost estimates with Capital and O&M Investment Plan ......... 65 

5.9 Institutional Assessment and Capacity Building Plan ............................................ 65 

6 International and National Norms ................................................................................. 67 

6.1 Literature Survey .................................................................................................. 67 

6.2 Response Time ..................................................................................................... 67 

6.2.1 Germany ........................................................................................................ 67 

6.2.2 Japan ............................................................................................................. 68 

6.2.3 USA ............................................................................................................... 69 

6.2.4 UK ................................................................................................................. 70 

6.2.5 India ............................................................................................................... 70 

Annex-1: Fire Headquarter Data Collection Form ................................................................ 73 

Annex-2: Fire Station Survey Form ..................................................................................... 87 

7 Delhi State ................................................................................................................. 105 

8 Rajasthan State ......................................................................................................... 106 

9 Maharashtra State ..................................................................................................... 107 

10 Jammu and Kashmir State ..................................................................................... 108 

11 Puducherry UT ....................................................................................................... 109 

12 Andaman & Nicobar Islands UT ............................................................................. 110 

13 Chandigarh UT ....................................................................................................... 111 

14 Haryana State ........................................................................................................ 112 

15 Himachal Pradesh State ......................................................................................... 113 

16 Punjab State ........................................................................................................... 114 

17 Uttarakhand State .................................................................................................. 115 

17.1 Introduction ......................................................................................................... 115 

17.2 Field Surveys of Fire Stations for Data Collection ............................................... 118 

17.3 Infrastructure Gap Analysis ................................................................................. 119 

17.3.1 Fire Station Location Gap Analysis .............................................................. 119 

17.3.2 Fire fighting and rescue Vehicles And Equipment Gap ................................ 136 

17.3.3 Fire Manpower Gap ..................................................................................... 152 

17.3.4 Fire Station Building Infrastructure Gap ....................................................... 158 

17.4 Investment and Financial Analysis ...................................................................... 159 

17.4.1 Capital Cost ................................................................................................. 159 

17.4.2 Recurring Cost ............................................................................................. 167 

17.5 Detailed Financial Investment Plan ..................................................................... 171 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 4 of 186 

17.6 Prioritization of New Fire Stations/Fire Posts ...................................................... 172 

17.7 Avenues of Fund Generation .............................................................................. 172 

17.8 Capacity Building and Training Facilities ............................................................. 173 

17.8.1 Basic Training for Fireman ........................................................................... 173 

17.8.2 Training Course for Leading Fireman ........................................................... 174 

17.8.3 Other Specialized Training Courses ............................................................. 175 

17.8.4 Junior Officer Training Course ..................................................................... 175 

17.8.5 Divisional Fire Officer Training Course ......................................................... 175 

17.8.6 Awareness Generation Programs ................................................................ 176 

17.9 Limitations of the Study ....................................................................................... 177 

17.10 Recommendations for Uttarakhand State Fire & Emergency Services ............ 178 

 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 5 of 186 

List of Figures  

Figure 1-1: Distribution of fire services by various States/UTs by administrative organization
 ................................................................................................................................ 19 

Figure 2-1 : State/UT wise distribution of fire service stations in India ................................. 23 

Figure 3-1 : An example of a Land use classification at 25m pixel. The example shows parts 
of Western Maharashtra (districts ï Mumbai, Mumbai sub-urban, Thane, Pune, and 
Raigarh) .................................................................................................................. 29 

Figure 3-2 : Example of an enlarged view of classified. The example shows urban 
agglomeration classification in Pune city areas ........................................................ 30 

Figure 3-3 : An example of a detailed classified urban agglomerate area. The example 
shows parts of Delhi with overlay of GPS locations of Fire Stations ......................... 31 

Figure 3-4 : Overlay analysis for Fire Risk Assessment ...................................................... 32 

Figure 3-5 : Seismic zones of India ..................................................................................... 33 

Figure 3-6 : Wind zone map of India (BMTPC, 2006) .......................................................... 35 

Figure 3-7 : Climatic Zones of India ..................................................................................... 37 

Figure 3-8 : Example of comparison of district level rankings for residential built-up area 
percentages and absolute areas (in sq km). The example shows a comparison for all 
35 districts of Maharashtra State ............................................................................. 46 

Figure 3-9 : Example of comparison of district level rankings for residential built-up areas 
and industrial areas (in sq km). The example shows a comparison for all 35 districts 
of Maharashtra State ............................................................................................... 47 

Figure 5-1 : Three-tier architecture ...................................................................................... 56 

Figure 5-2 : High level design of FDSS ............................................................................... 57 

Figure 5-3 : User Interface for Base Analysis in FDSS. The example shows the States 
covered in the Pilot Phase of the study .................................................................... 59 

Figure 5-4 : System administration interface ....................................................................... 60 

Figure 5-5 : FDSS - Systems Architecture ........................................................................... 62 

Figure 17-1: District map of Uttarakhand ........................................................................... 116 

Figure 17-2: Location of operational Fire Stations in Uttarakhand ..................................... 117 

Figure 17-3: Location of operational and new Fire Stations in Uttarakhand ....................... 120 

Figure 17-4: Fire Stations gap analysis for Dehradun urban areas .................................... 122 

Figure 17-5: Fire Stations gap analysis for Dehradun rural areas ...................................... 123 

Figure 17-6: Fire Stations gap analysis for Hardwar and Rishikesh urban areas ............... 124 

Figure 17-7: Fire Stations gap analysis for Hardwar and Rishikesh rural areas ................. 125 

Figure 17-8: Fire Stations gap analysis for Roorkee urban areas ...................................... 126 

Figure 17-9: Fire Stations gap analysis for Roorkee rural areas ........................................ 127 

Figure 17-10: Fire Stations gap analysis for Haldwani urban areas ................................... 128 

Figure 17-11: Fire Stations gap analysis for Haldwani rural areas ..................................... 129 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 6 of 186 

Figure 17-12: Fire Stations gap analysis for Nainital urban areas ..................................... 130 

Figure 17-13: Fire Stations gap analysis for Nainital rural areas ....................................... 131 

Figure 17-14: Fire Stations gap analysis for Almora urban areas ...................................... 132 

Figure 17-15: Fire Stations gap analysis for Almora rural areas ........................................ 133 

Figure 17-16: Fire Stations gap analysis for Kotdwar urban areas .................................... 134 

Figure 17-17: Fire Stations gap analysis for Kotdwar rural areas ...................................... 135 

 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 7 of 186 

List of Tables  

Table 2-1: Phase wise distribution of various States/UTs in the Country ............................. 24 

Table 3-1: Cluster class morphology in land use maps ....................................................... 27 

Table 3-2: Risk ranking schema for earthquake, wind and climatic zones ........................... 34 

Table 3-3: District level ranking for individual (earthquake, wind and climatic) hazard and 
integrated hazards ................................................................................................... 38 

Table 3-4: District level geographical area, population, population density, residential built-up 
area, , and industrial area for all State of Phase I .................................................... 42 

Table 3-5: Grouping schema for ranking of exposure and vulnerability layers ..................... 46 

Table 3-6: Weightage assigned in risk scoring schema for integration of hazard and 
exposure vulnerability into fire risk categories .......................................................... 48 

Table 3-7: District risk rankings for all Phase I States/UTs .................................................. 49 

Table 5-1: Advantages of Open Source Platform ................................................................ 63 

Table 6-1: Number of operational and additional Fire Stations and Fire Posts required in 
Delhi ........................................................................................................................ 71 

Table 6-2: Revised number of operational and additional Fire Stations and Fire Posts 
required in Delhi ...................................................................................................... 72 

Table 17-1: Uttarakhand Demography as per Census 2011 .............................................. 116 

Table 17-2: Summary of district level operational Fire Stations in Uttarakhand ................. 118 

Table 17-3: District level number of operational and new Fire Stations in the State of 
Uttarakhand ........................................................................................................... 121 

Table 17-4: List of operational firefighting vehicles available with Uttarakhand FES (As on 
Sep, 2012) ............................................................................................................. 140 

Table 17-5: Vehicle gap in operational Fire Stations for their ideal jurisdiction area .......... 141 

Table 17-6: Total gap in operational and new urban Fire Stations under their ideal jurisdiction 
areas ..................................................................................................................... 142 

Table 17-7: Additional vehicle required for new rural Fire Stations under their ideal 
jurisdiction areas ................................................................................................... 143 

Table 17-8: List of specialized equipment available with Uttarakhand FES department (As on 
Sep, 2012) ............................................................................................................. 144 

Table 17-9: List of specialized equipment available with Uttarakhand FES department (As on 
Sep, 2012) (continued..) ........................................................................................ 145 

Table 17-10: Specialized equipment gap in operational Fire Stations for ideal jurisdiction 
area ....................................................................................................................... 146 

Table 17-11: Specialized equipment gap in operational Fire Stations for ideal jurisdiction 
area (continued..) .................................................................................................. 147 

Table 17-12: Total gap in specialized equipment for operational and new urban Fire Stations
 .............................................................................................................................. 148 

Table 17-13: Total gap in specialized equipment for operational and new urban Fire Stations 
(Continuedé.) ....................................................................................................... 149 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 8 of 186 

Table 17-14: Additional specialized equipment required for new rural Fire Stations .......... 150 

Table 17-15: Additional specialized equipment required for new rural Fire Stations 
(continuedé) ......................................................................................................... 151 

Table 17-16: Manpower requirement for Station Officer and lower staff as per SFAC norm 
(2- shifts) ............................................................................................................... 152 

Table 17-17: Manpower requirement for Station officer and lower staffs as per ARD, Delhi 
(2-shifts) ................................................................................................................ 152 

Table 17-18: List of manpower available for operational Fire Stations in Uttarakhand FES 
(As on Sep, 2012) ................................................................................................. 154 

Table 17-19: Manpower gap in operational Fire Stations for ideal jurisdiction area ........... 155 

Table 17-20: Total staff gap for operational and new urban Fire Stations .......................... 156 

Table 17-21: Additional staff required for new rural Fire Stations ...................................... 157 

Table 17-22: Fire Station building required for gap in operational and new urban Fire 
Stations (no. of bays) ............................................................................................. 158 

Table 17-23: Fire Station building required for gap in new rural Fire Stations (no. of bays) 158 

Table 17-24: Cost (in Lakhs Rupees) of Fire Station building (no. of bays) required for gap in 
operational and new urban .................................................................................... 159 

Table 17-25: Cost (in Lakhs Rupees) of Fire Station building (no. of bays) required for gap in 
new rural ............................................................................................................... 160 

Table 17-26: Cost estimates (in Lakhs Rupees) for gap in fire fighting vehicles for 
operational and new urban Fire Stations ............................................................... 161 

Table 17-27: Cost estimates (in Lakhs Rupees) for gap in fire vehicles for new rural Fire 
Stations ................................................................................................................. 162 

Table 17-28: Cost estimate (in Lakhs Rupees) for gap in fire fighting specialized equipment 
for operational and new urban Fire Stations .......................................................... 163 

Table 17-29: Cost estimate (in Lakhs Rupees) for gap in fire fighting specialized equipment 
for operational and new urban Fire Stations (contdé) ........................................... 164 

Table 17-30: Cost estimate (in Lakhs Rupees) for gap in specialized fire equipment for new 
rural Fire Stations .................................................................................................. 165 

Table 17-31: Cost estimate (in Lakhs Rupees) for gap in specialized fire equipment for new 
rural Fire Stations (continuedé) ............................................................................ 166 

Table 17-32: Annual cost estimates (in Lakhs Rupees) for manpower for Uttarakhand after 
filling up the gap in operational and new urban Fire Stations ................................. 167 

Table 17-33: Cost estimate (in Lakhs Rupees) manpower in Uttarakhand for new rural Fire 
Stations ................................................................................................................. 168 

Table 17-34: Annual recurring cost estimates (in Lakhs Rupees) for petrol, diesel, and 
lubricants after filling the gap in operational and new urban Fire Stations .............. 169 

Table 17-35: State level summary of Capital Expenditure required for filling the gap (in 
Crores Rupees) ..................................................................................................... 170 

Table 17-36: State level summary of Recurring Expenditure required for filling the gap (in 
Crores Rupees) ..................................................................................................... 170 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 9 of 186 

Table 17-37: State level 10 year investment plan for Uttarakhand Fire and Emergency 
Services for filling gap in operational and new urban Fire Stations (in Crores Rupees)
 .............................................................................................................................. 171 

Table 17-38: State level 10 year investment plan  for Uttarakhand Fire & Emergency 
Services for filling gap in operational, new urban and new rural Fire Stations (in 
Crores Rupees) ..................................................................................................... 171 

Table 17-39: Estimated training requirements for fire personnel in Uttarakhand Fire & 
Emergency Services .............................................................................................. 174 

Table 17-40: Details of operational and new proposed urban Fire Stations with their 
estimated ideal served population under their jurisdiction, population density and 
priority ranking for new Fire Stations ..................................................................... 180 

Table 17-41: Details of operational and new proposed rural Fire Stations with their estimated 
ideal served population under their jurisdiction, population density and priority ranking 
for new Fire Stations .............................................................................................. 183 

 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 10 of 186 

Acknowledgements  

The assistance of Dr. P. M. Nair, Director General (DG), NDRF & CD, Shri Sandeep Rai 
Rathore, IG, NDRF & CD, Shri D. K. Shami, Dy. Fire Adviser, Shri Chandrashekhar, Director 
(Fire Project Cell), Shri Nakul Kumar Tarun, Dy. Director (Fire Project Cell), Shri Santosh 
Gupta, Assistant Director (Fire Project Cell), Shri Santosh J. Thomas, Assistant Director, 
(Fire Project Cell), NDRF & CD and other staff members of the Directorate of NDRF & CD is 
gratefully appreciated for giving this opportunity.  

In addition, the support and valuable assistance of Shri M.L. Sharma, Fire Officer Incharge, 
HQ, Fire and Emergency Services Chandigarh; Shri I. S. Chauhan, State Fire Officer, 
Haryana; Shri B. Kamal Kumar, Director and Shri M.S. Sonkhla, CFO, Himachal Fire 
Service; Shri S.L. Kamboj, State Fire Officer, Punjab; Shri C.S. Jeena, CFO, Uttarakhand 
Fire & Emergency Service; Shri P.K. Rao and Shri Arvind Kumar, Dy. Director, U.P. Fire 
Service and various other officials and staff is gratefully acknowledged.  

Our special thanks are due to Shri R. K. Srivastava, Joint-Secretary (DM), MHA, Shri Sanjay 
Agrawal, Director (DM), MHA and the project reviewing and monitoring committee consisting 
of Dr. P. M. Nair, DG, NDRF & CD, (Chairman), Dr G. A. Bhat (member), Lt. Col (retd.) P.K. 
Pathak, Consultant, NIDM (member), Shri D. K. Shami (member), and Shri Chandrashekhar 
(member ï secretary), for sparing their valuable time in review of this report.   

 



 
Fire-Risk and Hazard Analysis in the Country 
 

Phase I Study (Uttarakhand State) Confidential Page 11 of 186 

Executive Summary  

Fire service is one of the most important emergency response services in the country, which 
comes under the 12th schedule of the constitution dealing with Municipal functions. At 
present, fire prevention and fire fighting services are organized by the concerned States and 
Union Territories (UTs), and Urban Local Bodies (ULBs). Directorate of National Disaster 
Response Force and Civil Defence (NDRF&CD, Fire Cell), Ministry of Home Affairs (MHA) 
render technical advice to the States, UTs, and central ministries on fire protection, 
prevention, and legislation. Fire services in Maharashtra, Haryana, Gujarat, Chhattisgarh, 
Madhya Pradesh (excluding Indore), and Punjab are under the respective Municipal 
Corporations. In the remaining States, it is under the respective Home Department.  

The growth of fire-services in the country has been on an ad-hoc basis, without much 
scientific analysis of existing risks in different parts of the country. Varying risk scenarios 
need different types of equipment. The risk varies with geographical location such as hilly-
area, coastal-area, desertïarea, and with residential (high-rise, medium, and low rise-
buildings), industrial, commercial area or a combination of these. Moreover, lack of 
knowledge management for future planning and institutional capacity and funds are also 
seen as one of the major challenges in addressing improvements in fire and emergency 
services in the country. As per a recent analysis by the Standing Fire and Advisory Council 
(SFAC), the overall deficiency in the country in terms of number of Fire Stations is 97.54%, 
in terms of fire fighting and rescue vehicles is 80.04% and in terms of fire personnel is 
96.28%, respectively, which is quite alarming (NDMA Guideline, 2012, CR SFAC, 2011).  In 
consideration of this and the increasing fire risks from various hazards, the Directorate of 
NDRF&CD, Fire Cell, MHA planned a study called ñFire Hazard and Risk Analysi s in the 
Country for Revamping the Fire Services in the Country ò, to identify existing gaps in 
terms of availability and requirement of Fire Stations, capacity-building, trained man-power 
and fire-fighting, rescue, and other specialized equipment.  

The broad objectives  of the study are:  

ü To carry out GIS thematic map based Fire Hazard and Risk analysis though overlaying 
hazards and quantified risk, and classify the districts as base units into appropriate 
risk categories such as very high, high, medium, or low. 

ü To prepare a detailed Investment and Financing Plan for next 10 years for up-
gradation, expansion and modernization of Fire Services, based on existing situation 
analysis and risk based actual requirements.  

ü To develop an open-source GIS based software called as a Fire Decision Support 
System (FDSS) containing administrative boundaries, quantified risk GIS layers and 
with capability of estimation of financial implications for desired capacity 
development.  

ü To prepare an Institutional Assessment and Capacity Building Plan, based on field-
data collection, enquiry, spatial analysis and understanding of the availability and 
gaps in the fire service infrastructure. 

Role of Fire Services  

The primary role of fire services has been to attend to fire incidents. Besides firefighting, fire 
department also attends to other emergencies such as building collapse, road traffic 
accidents, human and animal rescue etc., and other special service calls. Some fire services 
also attend medical emergencies for transportation of casualties through ambulances 
maintained by them. Similarly, some States, like Delhi, have separate flood department with 
rescue boats and trained divers. The Fire Services maintain skeletal facilities to act as ófirst 
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respondersô and wait until assistance from the flood department arrives. It is therefore, 
considered appropriate that the specialized facilities for such jobs is maintained and 
operated by the concerned department. 

As indicated in the National Disaster Management Authority (NDMA) guidelines, Fire Service 
is one of the Emergency Support Functions (ESF). Based on DM Act 2005, various States 
have also formulated State Disaster Management Authorities (SDMAôs) and District Disaster 
Management Authorities (DDMAôs) both of which consider Fire Service as an ESF. It is, 
therefore, evident that the role of Fire Services has become multi-dimensional that includes 
not only attending fire incident calls but also various other emergencies. Accordingly, fire 
services in the jurisdiction of the respective Fire Station are required to be prepared with 
suitable types of equipment to deal with various emergencies. 

The role of fire services also includes effective fire prevention, creating awareness on fire 
safety, and enforcing the inbuilt fire protection arrangements for various types of 
occupancies in line with National Building Code (NBC) part ï IV. However, majority of the 
States/Municipal Fire Services are unable to enforce the fire safety provisions due to a lack 
of appropriate directives from the authorities controlling the function of fire services. Some of 
the Fire Services do not adhere to NBC and have created their own fire-safety building bye-
laws, e.g., Mumbai Fire Brigade. It may be noted that in-built fire safety arrangements and 
escape facilities are much more important than having a fire service within the premises 
without the above facilities.  It is, therefore, necessary to enforce the fire-safety provisions 
through appropriate directives to all the States/UTs by the Ministry of Home Affairs (MHA) 
directly or through DG, NDRF & CD office. 

In addition to the regular fire services, various other organizations/ industries, such as Ports, 
Airports, Defence, Power, Oil and Gas, Steel, Heavy Engineering, Fertilizers, Chemicals etc. 
have their own fire service set-ups (including their own captive resources), in order to 
provide fire protection to their facilities and some of them at times provide support to local 
fire services on request. All of them have their rules and regulations concerning fire safety. 
For example, Oil India Safety Directorate (OISD) norms for Oil and Gas Industries, 
International Civil Aviation Organization (ICAO) norms for Airports, Tariff Advisory 
Committee (TAC) regulations- now discontinued, for industries etc. and Electricity Rules for 
power sector.  

Safety of highly hazardous processing and storage industries requires 100 percent round the 
clock built-in and functional fire protection arrangements with trained fire fighters as well as 
onsite and off-site disaster management plans. Fire services are not expected to create the 
infrastructure to independently tackle such emergencies within the industry, as it may be not 
be possible to do so. However, they are expected to support any on-site and off-site fire 
fighting to protect surrounding populations and handle such incidents during transportation 
through the civil areas. Moreover, local fire services should have mutual-aid schemes with all 
the industries in their jurisdiction and must be aware of the various arrangements available 
with them in order to provide efficient support, in case of an emergency.  

Phased Approach  

In order to conduct this study for India, a vast country covering all the States and Union 
Territories (UTs), it was decided to conduct this study in a phased manner. In this initial 
phase, the pilot study comprises of 6 States and UTs (Jammu & Kashmir, Rajasthan, 
Maharashtra, Delhi, Andaman & Nicobar Island, and Puducherry).  

Field Surveys for Fire Infrastructure Data  

To collect and collate the information on Fire Infrastructure of these Pilot States/ UTs, RMSI 
team developed two detailed forms ñHeadquarter Data Collection Formò and individual ñFire 
Station Field-Survey Formò. RMSI team field-surveyed all the Fire Stations in pilot 
States/UTs for collecting detailed fire Infrastructure information. The detailed information 
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collected includes address of Fire Station, name of Fire Station in-charge, emergency 
contact numbers, communication between Fire Station control room, public and headquarter 
control room; Fire Station building including staff accommodation and barracks; fire fighting 
vehicles and specialized equipment; fire personnel, their duty pattern and pay-scales; water 
availability and water sources for fire vehicles, fire-risk in the jurisdiction of Fire Station and 
its geographical coordinates (latitude, longitude -by using a Global Positioning System, GPS) 
etc. All this information for each Fire Station has been digitally converted and is available 
through Fire Decision Support System (FDSS), which can generate a Fire Station report at 
the click of a button.  

GIS based Fire Hazard and Risk Analysis  

In general, fire risk is defined as the combination of hazard potential, exposure, and 
vulnerability: 

   Risk = F (Hazard potential x Exposure x Vulnerability)  

The occurrence of fire incidents that constitute a threat for the population and exposed 
infrastructure of a certain region is associated with economic and human losses, always as a 
function of the exposure conditions and the vulnerability of the exposed assets in that 
particular region. Different natural hazards such as seismic (earthquake), climatic, and wind 
are considered in risk analysis. Additionally hill zone are also considered in risk analysis due 
to increased fire risk from wooden houses and heating provisions in cold areas. 

For estimating exposure and its vulnerability, detailed urban agglomerate classification maps 
generated from high-resolution satellite images have been used.  With the help of remote 
sensing techniques applied on high-resolution satellite imageries, various types of urban 
agglomeration areas have been demarcated. These include urban, semi-urban, building 
blocks, and industrial and rural villagesô built-up areas of different densities (high medium, 
low). For exposure vulnerability, 4 different layers such as population density, residential 
built-up areas, high-rise building block density, and industrial areas have been developed 
individually at the district level. For assessing fire risk, both absolute built-up areas in sq km 
as well as built-up areas percent (ratio of built-up areas to the total area) are considered as 
important parameters. It is obvious that industrial areas in districts have much lower 
percentages than residential built-up areas. However, presence of industrial areas in a 
district has a significant influence in assessing fire risk. Hence, industrial areas in absolute 
terms (sq km) have been considered in risk ranking.  

In order to assess the impact of each exposure vulnerability type, a vulnerability score/ 
ranking has been assigned to each layer at their base unit. The vulnerability score 
represents the level of vulnerability (very high to negligible) of a specific type of exposure in 
response to the occurrences of small and medium fire incidents. The natural break in value 
distribution has been considered for defining the ranking class.  

After developing ranking of individual units of hazard and exposure vulnerability, GIS layers 
have been overlaid on top of each other and a spatial analysis has been performed for 
integration in GIS environment. For combining hazard and risk, Weighted Factor Analysis 
(WFA) in GIS environment has been performed. Weighted ranking scores have been used in 
the integration analysis and quantified risk distribution for each district. Values of weighted 
factor depend upon the importance of a particular hazard/ vulnerability class in risk analysis. 
For integration of hazards, equal weights have been assigned to wind, seismic and climatic 
hazards, while double weights have been given to hill zoning. This is because, in hilly terrain, 
wooden houses and heating provisions in buildings increase the chances of fire-incidences, 
and thus have been given higher weightage. 

After obtaining integrated individual weighted score for hazard and exposure vulnerability, 
fire risk categories have been obtained in quantitative terms by further integration of hazard 
and exposure vulnerability. It is obvious that in the occurrence of the number of fire incidents 
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in a given district, exposure vulnerability has more importance than the prevailing hazard. 
Hence, in quantified integration, double weights have been assigned to exposure 
vulnerability. The quantified numeric values of district risk scores are again grouped into four 
descriptive categories of district level risk ranking (very high, high, medium, and low). 

As per project scope of work, countrywide district level fire hazard and risk analysis has 
been carried out. However, it is obvious that the fire risk is not uniformly distributed 
throughout the districts in both urban and rural areas. Considering the above fact, RMSI has 
performed GIS based risk analysis, based on distribution of population agglomeration by 
defining built-up areas into different risk categories, such as high-density urban, low-density 
urban, sub-urban, and village. Moreover, distinct demarcated industrial areas have also 
been considered in the analysis.  

Review of International and National N orms  

To estimate the gaps from the existing position in terms of number of Fire Stations and their 
appropriate location, the RMSI team followed scientific and innovative GIS based response 
time network analysis approach involving various norms and regulations. Various 
international and national norms on response time have been reviewed. Response time is 
defined as ñen route time (in minutes) taken by the fire fighting vehicle from the Fire Station 
to the fire emergency scene.ò  Different counties follow different norms on response time 
such as: 

Germany :  response time in urban areas varies from 8 to 15 minutes 

Japan : response time varies from 5 to 10 minutes, depending upon the location of the 
building 

USA: response time varies from (3-4) to 8 minutes 

United Kingd om :  response time varies from 5 to 8 minutes 

India :  SFAC norms recommended response time for first fire tender is 3, 5, and 7 
minutes respectively depending on risk category A, B, and C in urban area and 20 
minutes in rural area. The norms also defined one Fire Station in an area of 10 sq 
km in urban area; and 50 sq km in rural area. 

To investigate the practicability of SFAC norms, RMSI team carried out a number of 
simulations using GIS based network analysis. With these simulations, RMSI demonstrated 
that two SFAC norms (response time and area-based) are not in synchronization with each 
other, and recommended revised response time based norms for positioning a Fire Station, 
as response area will vary from place to place depending upon the road network.  

 Depending upon the risk category, t he recommended response time for first 

fire tender is 5 to 7 minutes in urban areas and 20 minutes in rural area s 
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Summary Findings for Uttarakhand  State 

Presently Uttarakhand State Fire & Emergency Services has 33 operational Fire Stations. 
Based on detailed demarcated built-up areas and GIS based network analysis (response 
time analysis), ideal jurisdiction boundaries have been demarcated for all operational Fire 
Stations excluding areas served by other agencies, such as ports, airports, military 
cantonments, thermal power plants etc. The remaining areas, not covered under ideal 
jurisdiction of operational Fire Stations, are also divided for ideal jurisdictions of new 
proposed Fire Stations. The requirements for fire fighting and rescue vehicles and 
specialized equipment are based on ideal served population, population density, and built-up 
areas within ideal jurisdiction boundary. 

 Fire Station Gap Analysis  

As per detailed GIS based analysis, the State would require additional 33 Fire Stations in 
urban areas and 58 stations in rural areas. Hence this study recommends a further of 
addition of 33 urban Fire Stations and 58 rural Fire Stations, which is an overall gap of 73% 
in terms of number of Fire Stations in Uttarakhand State (for details, please refer to section 
17.3.1) 

 

 Vehicles and Specialized Equipment Gap Analysis  

For estimating the gap in firefighting and rescue vehicles and specialized equipment in 
operational as well proposed Fire Stations both in urban and rural areas, the RMSI team 
modified the SFAC norms with expert opinions. These modifications also helped in 
optimization of resources and are detailed in section 17.3.2. This study finds an overall gap 
of 77% in fire fighting and rescue vehicles and about 92% in specialized equipment for both 
operational and new Fire Stations in urban and rural areas. 

Fire Personnel Gap Analysis  

For estimating the gap in fire personnel in operational as well new proposed Fire Stations 
both in urban and rural areas, the RMSI team used Administrative Reform Department 
(ARD, Delhi) norms based on duty pattern (double-shift) prevalent in Delhi as ARD has 
already optimized the fire manpower requirement in comparison to what has been suggested 
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in SFAC norms. The current duty patterns in Uttarakhand State is 24 hours, in general RMSI 
team estimated for manpower requirement for double shift duty pattern (for details, please 
refer section 17.3.3). Thus, in Uttarakhand State, this study find an overall gap of about 85% 
in fire personnel considering double shift duty pattern. 

Fire Prevention Wing  

In addition to fire fighting staff, there is an urgent need for fire prevention wing for inspection, 
awareness generation, and training for schools, colleges, hospitals, shopping malls, cinema 
halls, high-rise buildings, Industries, govt. offices, public buildings etc. need further 
strengthening, so that recurrence of the fire incidences similar to that at the Advance Medical 
Research Institute (AMRI), Kolkata, in terms of their magnitude and frequency can be 
reduced. Accordingly, to support Director General, Police & Fire Services, additional officers 
at the levels of Director (Technical), Deputy Director (Technical), Chief Fire Officers (CFO), 
Dy Chief Fire Officers (Dy-CFO), Division Officers (DO), and Assistant Divisional Officer 
(ADO) have been recommended (for details, please refer to section 17.3.3). 

Fire Station, District and State Level Report Generation  

The detailed report of Operational Fire Stations, district and State levels for fire infrastructure 
and gap analysis is also available through the Fire Decision Support System (FDSS), which 
can generate reports for each Operational Fire Station, district, and State level at the click of 
a button. 

Roadmap for Investment and Financial Plan for next 10 years  

The other tasks include the development of Investment and Financial Plan, Institutional 
Assessment & Capacity Building Plan along with a dynamic web-based Fire Decision 
Support System (FDSS). As detailed in section 17.5, the detailed investment and financial 
plan at district level includes estimation of capital cost for infrastructure cost, fire fighting and 
rescue vehicles, and specialized fire and communication equipment. The recurring 
expenditure cost includes fire personnel cost depending upon pay-scales at various levels; 
staff uniform cost, and personal protective equipment (PPE); annual vehicle and specialized 
equipment maintenance cost, petrol, diesel, and lubricant (PDL); building maintenance; 
office and training expenses etc. The detailed roadmap and investment plan (section 17.5) 
for the next 10-years includes both capital and recurring expenditures. , RMSI analysis 
estimates a total investment of about Rs. 4,247 Crores  spread over a period of 10 years for 
Uttarakhand State including inflationary factors and after filling the gaps for both operational 
and proposed urban and rural Fire Stations.  

Prioritization of New Fire Stations  

For prioritization of Fire Stations in Uttarakhand State, the RMSI team has strictly followed 
risk categorization and population criteria. Accordingly, the priority for establishing new Fire 
Stations in Uttarakhand for both rural and urban areas has been detailed in section 17.6. 
Accordingly, separate priority ranking for both urban and rural areas are given in Table 17-40 
and Table 17-41, respectively. 

Avenues for Fund Generation  

Uttarakhand State Fire & Emergency Service can generate new avenues for funds from the 
following: 

 Introduction of Fire Tax (1% of existing property tax) 

 Training programs at different levels and durations to private sector employees on 

chargeable basis 

 Capitation fees can be charged for scrutiny of building plans 
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 The fee on the deployment of members of Fire Services along-with necessary 

equipment and appliances beyond the jurisdiction of the State Fire & Emergency 

Services. 

Capacity Building and Training Facilities  

The study finds that there is huge gap for Capacity Building and Training among the fire 
personnel within the Uttarakhand State. The detailed Capacity Building and Training need 
assessment for various levels have been discussed in section 17.8. Additionally, RMSI team 
is making a separate report of capacity building and training infrastructure for all the 
States/UTs in the country.  

Limitations of the study  

Limitations of study have been discussed in section 17.9. 

Recommendations  

The report concludes with the recommendation for the Uttarakhand State Fire & Emergency 
Service and is detailed in section 17.10. In short, Uttarakhand State Fire & Emergency 
Service can be revamped in the next 10 years to desired level provided sufficient funds and 
trained resources are made available. 

Report Structure  

This report, for the Phase I States/UTs is divided in two parts: 

Part A:  This part comprises of chapters 1-6, which are common for all the 35 State/UT Fire 
Services for which this study is conducted.  

 Chapter 1 provides brief details of project background, role of fire services, objective 

and scope of study 

 Chapter 2 outlines the methodology adopted and data development 

 Chapter 3 provides details on GIS based fire hazard and risk analysis 

 Chapter 4 provides a brief overview of field-survey of individual Fire Station and 

headquarter data collection and approach for stakeholder analysis 

 Chapter 5 briefly explains the Development of Fire Decision Support System (FDSS) 

 Chapter 6 examines international and national norms  

Part B:  This part comprises of Chapters 13-18, which are specific to the State/UT being 
discussed. 

 Chapter 13 provides detailed analysis for the Chandigarh UT 

 Chapter 14 provides detailed analysis for the Haryana State 

 Chapter 15 provides detailed analysis for the Himachal Pradesh State  

 Chapter 16 provides detailed analysis for the Punjab State  

 Chapter 17 provides detailed analysis for the Uttarakhand State 

 Chapter 18 provides detailed analysis for the Uttar Pradesh State 

For Part-B, this report consists of Chapter 17, which is for the Uttarakhand State.  
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1 Introduction  

1.1 Background   

Fire service is one of the most important emergency response services. In India, Fire 
services come under the 12th Schedule of the constitution dealing with Municipal functions. 
At present, fire prevention and fire fighting services are organized by the concerned States 
and Union Territories (UTs), and Urban Local Bodies (ULBs). Ministry of Home Affairs 
(MHA) renders technical advice to the States, UTs, and central ministries on fire protection, 
prevention, and legislation. Fire services in Maharashtra, Haryana, Gujarat, Chhattisgarh, 
Madhya Pradesh excluding Indore, and Punjab are under the respective Municipal 
Corporations. In remaining States, it is under the Home Department (Figure 1-1).  

 

Figure 1 - 1 : Distribution of fire services by various States/UTs by administrative 

organization  

1.2 Role of Fire Services 

As far as the role of fire services is concerned, the primary job of fire services has been to 
attend to fire incidents. However, they also attend to other emergencies like rescue from 
building collapse, road traffic accidents, human and animal rescue etc., and other special 
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service calls. Some fire services also attend medical emergencies for transportation of 
casualties through ambulances maintained by them. Similarly, some States have separate 
flood department with rescue boats and trained divers, like Delhi. The Fire Services maintain 
skeleton facility to act as ófirst responderô and wait until assistance from flood department is 
reached. It is therefore, considered appropriate that the specialized facilities for such job is 
maintained and operated by the concerned department. 

As indicated in the National Disaster Management Authority (NDMA) guidelines, Fire 
Services is one of the Emergency Support Functions (ESF). Based on DM Act 2005, various 
States have also formulated State Disaster Management Authorities (SDMAôs) and District 
Disaster Management Authorities (DDMAôs) both of which consider Fire Service as an ESF. 
It is therefore evident that the role of Fire Service is multi-dimensional that includes attending 
various emergencies. Accordingly, fire services are required to be prepared with suitable 
types of equipment to deal with various emergencies arising in the jurisdiction of the 
respective Fire Station. 

The role of fire services also includes effective fire prevention, creating awareness on fire 
safety, and enforcing the inbuilt fire protection arrangements for various types of 
occupancies in line with National Building Code (NBC) part ï IV. However, some of the 
States/Municipal Fire Services are unable to enforce the fire safety provisions due to a lack 
of appropriate directives from the authorities controlling the function of fire services. Some of 
the Fire Services do not adhere to NBC and have created their own fire-safety building bye-
laws, e.g., Mumbai Fire Brigade. It may be noted that in-built fire safety arrangements and 
escape facilities are much more important than having a fire service within the premises 
without the above facilities.  It is, therefore, necessary to enforce the fire-safety provisions 
through appropriate directives to all the States/UTs by the Ministry of Home Affairs (MHA) 
directly or through DG, NDRF & CD office. 

In addition to the regular fire services, various other organizations/ industries, such as Ports, 
Airports, Defence, Power, Oil and Gas, Steel, Heavy Engineering, Fertilizers, Chemicals etc. 
have their own fire service set-ups (including their own captive resources), in order to 
provide fire protection to their facilities and some of them at times provide support to local 
fire services on request. All of them have their rules and regulations concerning fire safety. 
For example, Oil India Safety Directorate (OISD) norms for Oil and Gas Industries, 
International Civil Aviation Organization (ICAO) norms for Airports, Tariff Advisory 
Committee (TAC) regulations- now discontinued, for industries etc. and Electricity Rules for 
power sector.  

Safety of highly hazardous processing and storage industries requires 100 percent round the 
clock built-in and functional fire protection arrangements with trained fire fighter as well as 
onsite and off-site disaster management plans. Fire services are not expected to create the 
infrastructure to independently tackle such emergencies within the industry, as it may be not 
be possible to do so. However, they are expected to support any on-site and off-site fire 
fighting to protect surrounding populations and handle such incidents during transportation 
through the civil areas. Moreover, local fire services should have mutual-aid schemes with all 
the industries in their jurisdiction and must be aware of the various arrangements available 
with them in order to provide efficient support, in case of an emergency.  

The growth of fire-services in the country has been on an ad-hoc basis, without much 
scientific analysis of existing risks in different parts of the country. Varying risk scenarios 
need different types of equipment depending upon the risk and geographical location such 
as hilly-area, coastal-area, desertïarea, and residential (high-rise, medium, and low rise-
buildings), industrial, commercial area or a combination of these. Moreover, lack of 
knowledge management for future planning and institutional capacity and funds are also 
seen as major challenges in addressing improvements in fire and emergency services in the 
country. As per a recent analysis by the Standing Fire and Advisory Council (SFAC), the 
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overall deficiency in the country in number of Fire Stations is 97.54%, in fire fighting & 
rescue vehicles 80.04% and in fire personnel is 96.28%, respectively, which is quite 
alarming (NDMA Guideline, 2012, CR SFAC, 2011).  

In consideration of this and the increasing risks from various hazards, such as Fire Following 
an Earthquake (FFEQ), and the rapid pace of urbanization and industrialization in the 
country, the Directorate of National Disaster Response Force and Civil Defence (NDRF&CD, 
Fire Cell), MHA felt the need for a comprehensive study to identify existing gaps in terms of 
availability and requirement of Fire Stations, capacity-building, in terms of trained man-power 
and fire-fighting, rescue, and other specialized equipment. This comprehensive study aims 
at prepar ing  a perspective plan for the next 10 years for revamping  the fire services in 
the country .  

 

1.3 Objective  of the study   

The broader objective of this study is to prepare a Capital Investment and Institutional 
Strengthening plan for accelerated development of fire services in the country. 

 

1.4 Scope of the study 

The study area for this assignment is the entire country under the Directorate of NDRF & 
Civil Defence (Fire). The scope of the assignment will include, inter alia, the following 
activities: 

1. Fire Hazard & Risk Analysis:  Carry out a GIS (Open Source) based fire hazard and 
risk analysis and identify the gaps in fire services in terms of fire fighting vehicles, 
specialized equipment, and trained fire personnel.  

2. Investment and Financing Plan : Assess the status, availability and distribution of 
the fire service infrastructure under the Directorate of NDRF & Civil Defence (Fire 
Cell) by conducting field investigations and interviews. It is expected to conduct an 
investigation to assess the gaps and needs for future planning and up-gradation/ 
modernization of the fire service infrastructure in the country in a quantified 
approach. As part of the Investment and Financing Plan, it is also expected to 
estimate the Capital and O&M Investment plan for the next 10 years and the 
investment priorities.  

3. Institutional Assessment and Capacity Building Plan:  Based on field-data 
collection, enquiry, spatial analysis and understanding on the availability and gaps in 
the fire service infrastructure, and prepare an institutional assessment and capacity-
building plan for the department. Institutional Assessment and Capacity Building Plan 
will include but will not be limited to understanding the policies, regulations, strategies 
and programs of the department; existing legal and institutional mechanisms, issues 
and constraints of effective management; and training needs and capacity of the 
departmentôs resources. Based on a comprehensive understanding of the mentioned 
variables, it is expected to prepare a consolidated national report and key 
recommendations for the Directorate of NDRF & CD (Fire Cell). It is also expected to 
explore the possibility of funding sources and provide recommendations for 
improvements to ensure appropriate financing mechanisms for capital expenditure, 
and for operation and maintenance.  
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2 Technical Details on Methodology and Data 
Development   

2.1 Understanding of the Scope of Work 

The primary objective of this comprehensive study on ñFire Hazard and Risk Analysis in the 
Countryò is to prepare a capital investment and institutional strengthening plan for 
accelerated Development of Fire Services in the country. To achieve this objective of the 
study, the Directorate of NDRF & CD has defined the broad scope of the work as: 

1. Risk and Hazard Analysis 

 Identifications of gaps in the existing fire services 
2. Investment and Financial Plan 
3. Institutional Assessment and Capacity Building Plan 

 Including survey of NFSC Nagpur and regional fire training Centers 

As part of the Risk and Hazard Analysis, it is expected to carry out a GIS based hazard, risk 
analysis at base unit (district) level, and identify the gaps in the existing fire services. Risk 
assessment of forest fire is not included under the present scope of work. The infrastructures 
of forest department, privately owned fire safety infrastructure, infrastructures in restricted 
areas like military cantonments and airbases, and ammunition depots; nuclear facilities such 
as nuclear power plants, nuclear research reactors, heavy water plants; and mines, ports, 
airports, and oil exploration and oil refineries are excluded from the study. While assessing 
the infrastructure for the Investment and Financing Plan, RMSI has focused specifically on 
the States/UTs Fire & Emergency services. However, it may please be noted that RMSI 
team has also made efforts to get details of  areas served by other agencies as well, so 
that requirement of establishing Fire Station s in these areas does  not become part of 
the Gap analyses.  

As part of the óInvestment and Financing Planô, it is expected to assess the status, 
availability and distribution of the fire service infrastructure under the jurisdiction of Director 
General (NDRF & Civil Defence) through conducting field investigations and interviews. It is 
also expected to conduct an investigation to assess the gaps and needs for future planning, 
up gradation/ modernization of the fire service infrastructure in the country through a 
quantified approach. As part of the Investment and Financing Plan, it is also expected to 
estimate the Capital and O&M Investment plan for the next 10 years and the investment 
priorities. Based on the field data collection, enquiry, spatial analysis and understanding on 
the availability and gaps in the fire service infrastructure, it is expected to prepare an 
institutional assessment and capacity-building plan for the department. Institutional 
Assessment and Capacity Building Plan will include but not limited be to understanding the 
polices, regulations, strategies and programs of the department; existing legal and 
institutional mechanisms, issues and constrains of effective management; training needs 
and capacity of the departmentôs resources. Based on a comprehensive understanding of 
the mentioned variables, it is expected to prepare a consolidated National Report and key 
recommendations for the Director General (NDRF & Civil Defence) for all the Fire Stations 
under jurisdiction of the Directorate of NDRF & CD. Moreover, the possibility of funding 
sources will also be explored, and recommendations will be made for improvements to 
ensure good financing mechanisms for capital expenditure and operation and maintenance. 
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2.2 Study Area  

The study area for this assignment is the entire fire service area of the country under the 
Directorate of NDRF & Civil Defence (Fire Cell). RMSI has carried out physical survey of all 
the Fire Stations under the Directorate of NDRF & CD (Fire Cell) (Figure 2-1) across the 
country.  

 

Figure 2 - 1  : State /UT  wise d istribution of f ire service station s in India   

 

2.3 Phased Approach  

As India is a vast country and in order to conduct this study for all the States and Union 
Territories (UTs), it was decided to conduct this study in a phased manner (Table 2-1).  
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The initial phase pilot study comprises of six States and UTs - Jammu & Kashmir, 
Rajasthan , Puducherry, Maharashtra, Andaman & Nicobar Island, and Delhi . The Fire- 
Infrastructure of these Pilot States/ UTs has been FieldïSurveyed by RMSI team and fire 
hazard and risk analyses have been carried out. The other tasks include development of 
Investment and Financing Plan, Institutional Assessment & Capacity Building Plan along 
with a prototype Fire Decision Support System (FDSS). The outcomes of pilot study were 
submitted to the Expert Group of the project for their review and approval and detailed 
discussions were held with senior Fire Officials, MHA and respective State/UT 
representatives. The approved Pilot States/ UTs reports are used as a template for 
conducting the study for the remaining States/ UTs in the phased manner indicated in Table 
2-1.  

It may be noted that there could be region specific modifications and variations in the 
requirements of different kinds and types of firefighting equipment depending upon the risk 
category of the district (base unit) of Fire Station, its geographical location such as coastal-
area, hilly-area and desertïarea. Phase wise list of States/UTs also includes corresponding 
number of districts (Census, 2011), number of Talukas/ Mandals/ Tehsils (Census, 2001), 
and number of Fire Stations (Table 2-1).  

 

Table 2 - 1 : Phase wise distribution of various States /UTs  in the Country  

States /UTs 
No of Districts 
(Census 2011 ) 

No of Talukas/ 
Tehsil s/ Mandals 

(Census 2001 ) No of Fire Station s 

Pilot Phase  

NCT of Delhi 9 27 53 

Maharashtra 35 355 157 

Puducherry 4 15 13 

Andaman & Nicobar 
Islands 

3 7 20 

Rajasthan 33 241 126 

Jammu & Kashmir 22 59 163 

Phase I  

Chandigarh 1 1 7 

Haryana 21 67 82 

Punjab 20 72 48 

Himachal Pradesh 12 109 25 

Uttarakhand 13 49 33 

Uttar Pradesh 71 300 237 

Phase II  

Madhya Pradesh 50 259 292 

Gujarat 26 227 183 

Daman & Diu 2 2 3 

Dadra & Nagar 
Haveli 

1 1 1 

Karnataka 30 175 182 

Goa 2 11 15 

Phase III  
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States /UTs 
No of Districts 
(Census 2011 ) 

No of Talukas/ 
Tehsil s/ Mandals 

(Census 2001 ) No of Fire Station s 

Kerala 14 63 100 

Lakshadweep 1 4 4 

Tamil Nadu 32 202 303 

Andhra Pradesh 23 1110 251 

Bihar 38 533 102 

Phase IV 

West Bengal 19 343 107 

Assam 27 145 110 

Manipur 9 38 16 

Meghalaya 7 32 32 

Mizoram 8 25 12 

Sikkim 4 9 9 

Tripura 4 38 35 

Nagaland 11 93 9 

Arunachal Pradesh 16 149 13 

Orissa 30 398 180 

Chhattisgarh 18 97 33 

Jharkhand 24 210 31 

Total  640 5,466 2,987 
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3 GIS based Fire Hazard and Risk Analysis  

Based on RMSIôs vast experience of executing large projects at State and country levels, 
RMSI team has adopted the following approach (detailed below) to carry out this 
assignment. This approach has also been presented and discussed in a series of meetings 
with the officials of the Directorate of NDRF & CD, MHA, Government of India.  

The risk of fire in urban areas has increased over the years and the rising cost of fire losses 
would seem to indicate that they are increasing at a greater rate than the measures devised 
to control them. Cities are growing in size and complexity day by day; therefore, they need to 
be managed more efficiently. 

Geographic Information System (GIS) is an important and efficient tool that can be used by 
local administrations to minimize natural disasters (Recep Nisanci, 2010). Although there are 
many formal definitions of GIS, for practical purposes GIS can be defined as a computer-
based system to aid in the collection, maintenance, storage, analysis, output and distribution 
of spatial data information (Bolstad, 2005). Thus, GIS technologies have been used in fire 
analysis related to the optimum location of Fire Stations. For example, Habibi et al. (2008), 
has made spatial analysis of urban Fire Stations in Tehran, using an analytical hierarchy 
process and GIS. Yang et al. (2004) also carried out studies concerning the selection of Fire 
Station locations using GIS. 

Unlike a flat paper map, a GIS-generated map can represent many layers of different 
information. This representation provides a unique way of thinking about geographic space. 
By linking map databases, GIS enables users to visualize, manipulate, analyze and display 
spatial data. GIS technology based approach is cost-effective and provides accurate 
solutions in an expanding range of applications. 

3.1 GIS Data Compilations  

GIS Map based fire hazard and risk analysis is one of the main tasks of this assignment. In 
order to undertake hazard and risk analysis, various GIS layers and other associated 
thematic maps have been created for each of the pilot States/UTs that form the basis for risk 
ranking of base units (districts). The following is a list of selected GIS layers as base 
administrative layers and other dependant layers that have been used in GIS based fire risk 
analyses.  

1. State administrative boundary layers 

2. District administrative boundary layers 

3. Rail network  

4. Major (highways) and main road networks 

5. Minor roads/ street road networks 

6. Locations of cities, and major towns with their names 

7. State level Land use land cover maps  

8. Demarcation of residential, commercial and industrial built-up areas  

9. Census population data (2011) 

10. Geographical locations (latitude, longitude) of operational Fire Stations 

11. Other collateral data such as information from city development plans (if 
available), and demarcation of fire-station jurisdictional areas.  
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These data layers and their attribute data have been expanded according to needs 
analyses. The needs analyses include query information for the data needed for generating 
risk maps and effective fire fighting planning. 

After taking into account all requirements and data types, RMSI team has generated various 
GIS data layers for further GIS spatial analyses. District boundaries were considered as the 
base unit for analysis in assessing fire services infrastructure gaps, risk quantifications, and 
risk classifications. 

GIS maps for administrative boundary layers such as State, and district are based on 
published Census 2011 data. Currently, Census 2011 has published only district level 
demographic data.  In comparison to previous census (Census 2001), several new districts 
have been created. These new districts have been considered in the analysis.  

Classified land use and land cover data is the backbone in fire hazard and risk analysis. 
Latest vintage satellite images have been used to capture the various features such as road 
networks, forest areas and habitat/settlement areas (Figure 3-1). The various land use land 
cover classes were extracted from latest vintage satellite images at 25m resolution for the 
selected States and UTs, and at higher resolution for major cities. The extraction is based on 
a semi-automated classification approach to distinguish the classes based on their 
reflectance values in the source satellite imagery.  Data quality and data validation checks 
have been carried out for each stage of data generation. 

For LULC classification, remote sensing satellite images were geo-referenced and classified 
to generate different LULC layers such as vegetation, built-up area, water bodies, and 
streets, based on their spectral reflectance i.e. DN (Digital Number) values. In this process, 
through a semi-automated process, these DN values of satellite images are classified into 
respective LULC classes to generate the clutter data.  These clutter data layers are further 
subdivided into their respective sub-classes and merged together to give preliminary clutter 
data. The output clutter goes through standard validation processes and quality checks to 
produce high quality final clutters. Table 3-1 shows a list of classified LULC data at 25-meter 
resolution.  Figure 3-1 displays delineated LULC classes for different parts of western 
Maharashtra (districtsï Mumbai, Mumbai sub-urban, Thane, Pune and Raigarh). Figure 3-2 
shows an enlarged view of classified urban agglomerate of Pune city areas. 

Table 3 - 1 : Cluster class morphology in land use maps  

ID Class Name  Description  

0 Unclassified  Edge of the database 

1 

Urban High Density  

Areas within urban perimeters, Inner city, very little/negligible 
vegetation. Closely packed buildings indicative of high density with 
only major streets and roads being visible. Absence of large open 
spaces.  

2 

Urban Medium Density  

 Medium density of buildings, vegetations are less but higher than 
the dense urban, major pedestrian zones being partially visible and 
streets and roads visible. Comparatively more open spaces exist 
within this region 

3 

Urban Low Density  

Low density of buildings, vegetations / open area are higher than 
the medium urban, major pedestrian zones being partially visible 
and streets and roads visible. Comparatively more open spaces 
than medium density exist within this region 

4 
Suburban High Density  

Suburban areas surrounding big cities (Outer parts of the city) with 
loosely packed built up and little vegetation. 

5 
Suburban Low Density  

 Sparse Suburban areas in outskirt of big cities (Outer parts of the 
city) with loosely packed built up and little vegetation. 

6 
Building Blocks  

Systematic groups of buildings, parallel or not, that may be 
separated by large open spaces.  
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ID Class Name  Description  

7 
Villages  

Unsystematic small pockets /clusters of buildings, within large 
agriculture / open spaces 

8 
Industrial  

Industrial: Factories, Warehouse, Garages, Shipyards, Mostly 
situated outside the main cities. 

9 

Commercial Areas  

Commercial:  Central Mall, Office Complexes with large building 
footprints, Central Business districts, Commercial buildings within 
the city (like petrol pumps, gas filling stations etc.) etc. will be 
classified as commercial areas 

10 
Forest  

All kinds of dense forest in rural areas, over hills/ mountains, 
Natural Parks with high tree density. 

11 
Low Dense Vegetation  

Low density of trees, low vegetation, bushes, scrubs with low tree 
density.  

12 
Agriculture/Fellow  

All kinds of agriculture/fellow cultivated areas, croplands, farmlands 
etc. 

13 
Water  

Inland permanent water bodies. This class will consist of lakes & 
dams. 

14 
Open 

No buildings, no vegetation e.g. desert, beach, and open lands 
mostly barren. 

15 
Quasi Open  

Areas with some obstruction like scattered trees or bushes with 
some mixed built-up, open, agricultural fallow lands etc 

16 Airport   Airstrip and terminal buildings 

17 River/Canal  Linear water features like streams and rivers. 

18 Seasonal Water Body  Seasonal water body 

19 Sea Sea 
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Figure 3 - 1  : An example of a Land  use c lassification at 25m pixel . The example 

shows  parts of Western Maharashtra  (districts ï Mumbai, Mumbai sub - urban, 

Thane, Pune , and Raigarh)   
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Figure 3 - 2  : Example of an enlarged view of classified . The example shows  

urban agglomeration classification in Pune city areas  

For major city areas, classifications that are even more detailed have been created with a 
high-resolution data layer as shown in Figure 3-3.  For major cities / towns, besides the other 
classified units, such as highways and main roads, minor roads/streets and localities, have 
been captured. After the field survey of individual Fire Stations, GPS locations of all Fire 
Stations have been displayed for gap analysis. 

 

3.2 GIS - Overlay Analysis  

The basic way to create or identify spatial relationships among various GIS layers is through 
the process of spatial overlay. Overlay is a GIS operation in which layers with a common, 
registered map base are joined on the basis of their occupation of space. (Keith C. Clarke, 
1997). Spatial overlay is accomplished by joining and viewing together separate data sets 
that share all or part of the same area. The result of this combination is a new data set that 
identifies the spatial relationships.  
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Figure 3 - 3  : An example of a d etailed classified urban agglomerate area . The 

example shows parts of Delhi with overlay of GPS location s of Fire Station s   

 

Overlay analysis is a common, widely used method of analyzing and evaluating geospatial 
data. Overlay analysis utilizes map layers in GIS to discover relationships across the layers. 
Overlay analysis is used to investigate geographic patterns and to determine locations that 
meet specific criteria. Spatial overlay is illustrated and highlighted in Figure 3-4. Various data 
layers, such as Land Use Land Cover (LULC), composite hazard, demographic exposure, 
road network, administrative boundary and Fire Station locations have been used through 
overlay analysis by combining diverse data sets for hazard analysis and Fire Station gap 
analysis.  


















































































































































































































































































































