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1. BACKGROUND
The Government of Pakistan has established National Disaster Management Authority (NDMA) which is the focal point for designing, promoting and implementing strategies and programmes on disaster risk reduction, preparedness, response and recovery. It’s major role is to provide technical guidelines to all national and provincial stakeholders about formulation of disaster risk management plans, strategies and programmes; to implement programmes for capacity building of national, provincial and local stakeholders; and facilitate coordination amongst multiple stakeholders to ensure collaborative approaches for disaster risk management.
2. INTRODUCTION
The vulnerability of Pakistan to natural hazards can be described as moderate to high. Pakistan's relatively high level of disaster risk is attributable to its peculiar geographical location, climate variability, topography, the nature of its economy and associated trends of population concentration, urbanization and environmental degradation. The country is exposed to multiple hazards including earthquakes, floods (riverine, flash and urban), storms, droughts, heavy rains and high waves caused by cyclones in the Arabian Sea. The combination of moderate to high hazardousness and high vulnerability results in high level of disaster risk. 
Little systematic information exists in Pakistan about relative vulnerability of various local areas (districts, municipalities, cities) to natural hazards. In the absence of such information it is difficult to identify priorities for disaster risk management programming and to make decisions on resource allocation. Due to lack of this vital information, settlements, infrastructure and industries are developed and established in hazard prone areas, which causes colossal social, economic, and environmental losses as a consequence of disasters. This particularly affects negatively the local economy and society. The accumulated social and economic losses have a significant impact upon national development and economy. Therefore in order to make its social, economic and environmental development sustainable Pakistan needs to adopt strategies to minimize disaster losses and damages in hazard prone areas. This could be done only by mapping out the extent, nature and frequency of hazards and respective vulnerabilities of people, property, infrastructure and environment. 

Currently a number of institutions are engaged in developing hazard maps and conducting vulnerability assessment in Pakistan. However, the existing maps and vulnerability analysis is not complete and comprehensive and not in a form that could be applied easily for policy and decision making at national, provincial and district levels. In addition there is a lack of sharing of information amongst stakeholders and the existing maps are not available for public users. In order to fill these analytical and information gaps and to facilitate effective policy and decision making for reducing disaster risks, a Disaster Risk Atlas of Pakistan has to be developed.  
3. PURPOSE AND OBJECTIVES OF DISASTER RISK MAPPING 
Overall purpose of the exercise is to carry out an in-depth analysis in relation to various natural and environmental/industrial hazards and the relative vulnerability in order to identify disaster risk levels and causal factors in Pakistan. It is believed that the exercise outputs shall support national and provincial decision makers in taking appropriate decisions for better preparedness and risk reduction.   
Specific objectives of the mapping exercise include:
a. To map out all hazard prone areas of Pakistan, per province and region wise covering geological, hydro-meteorological, environmental and industrial. 
b. To assess the exposure of people, infrastructure and economic activities to these hazards. 
c. To assess the full range of vulnerabilities of the exposed elements experienced throughout the country with reference to above hazards. This would include disaggregated range 
of vulnerabilities experienced across different regions, settlements and time periods. 
This will enable a localized analysis of what communities and economic assets are at risk of incurring losses associated with natural hazards and why mapping out such differential vulnerabilities will be crucial to developing context specific and efficient disaster risk management strategies. 
d. To influence sectoral development strategies towards recognizing the highly dynamic 
form of vulnerabilities and factoring an understanding into institutional, legislative and 
organizational systems for preparedness planning and mitigation. 
4. OUTPUTS AND SCOPE OF ANALYSIS 
4.1. Anticipated outputs for disaster risk mapping include:
· Hard copy of hazard zonation maps indicating high, moderate, low exposure zones, 

· Data (raw as well as output data) in Arc Info GIS, 
· Digitized maps for major urban centres.
· Technical report describing the structure and content of the hazard/vulnerability maps, narrative on vulnerability analysis and methodology employed,  

· Non-technical summary for common users, 

· Recommendations for future work,
· Technical guidelines for multiple development sectors based upon vulnerability analysis in order to make development safer and sustainable in hazard prone areas,
4.2. Scope of Analysis:  
4.2.1. Hazard Mapping

Hazard mapping will include hazard zonation covering whole country with co-relational vulnerability analysis. It will define exposure levels of different regions to key natural and man-made hazards. The hazards that will be covered include earthquakes, droughts, floods, landslides, cyclones and industrial and environmental hazards. Exposure maps in terms of high, moderate and low hazard risk will be prepared based upon scientific and historical analysis. District and provincial boundaries will be demarcated on these maps. Other hazard related information will be generated. The information will be produced in print and GIS forms. 

In general hazard analysis should include information on the following:
· Surface location of sources of hazards; e.g. Fault lines, flood plains, Arid zones/deserts, Industries, Glaciers, Oil refineries etc 

· Frequency of occurrence of various levels of hazards based upon historical analysis and scientific analysis of future trends
· Seasonality of hazards in different parts of the country; 
· Demarcation of high, medium, low exposure regions based upon assessment of past severity / intensity of hazards/disasters experienced, and hazard source location; 

· Demarcation of Tehsil, district, provincial boundaries with regards to exposure map;

In particular following information should be covered for each of the hazards. 
4.2.1.1.  Geological hazards: 
The hazards under this theme will include earthquakes, landslides and tsunami. The hazard maps should include following information.  
· Surface fault rupture/fault lines

· Probabilistic Ground Seismic Hazard maps

· Seismic zonation maps

· Liquefaction maps

· Lateral spread

· Local site response 

· PSHA Maps, PGA Maps
· Historical landslide hazard maps

· Potential landslide source maps (based upon analysis of the geological/surface conditions)  

· Tsunami inundation maps (based upon past hazard analysis)
4.2.1.2. Hydro-Meteorological hazards: 

This theme will include mapping of floods, droughts, cyclones, forest-fires, avalanches, GLOF. The hazard maps should include following information.
· Flood plain maps

· Flood inundation maps based upon past flood analysis
· Low lying areas along the main river system 
· Hydro-geological maps

· Important cities, located within flood inundation zone 
· Location of glaciers & glacial lakes in Northern areas with indication of fast melting glaciers and ice-caps   
· Drought zonation maps based upon analysis of meteorological, hydrological and agricultural droughts for the past 60 years
· Vegetative cover mapping for drought prone areas 

· Tropical cyclone path maps for ocean and surface since year 1947  
4.2.1.3. Environmental & Industrial hazards: 

This theme include mapping of industrial facilities, industrial zones, waste dumping sites, oil reserves and refineries. 

· Inventory of sources and type of major industrial and environmental hazards 

· Location of sources of major industrial and environmental hazards etc
· Location of past disaster sites 

· Demarcation of exposure areas (potential impact boundaries)
· Analysis on nature of risks posed by various type of industries

4.2.2. Exposure and Vulnerability Analysis
An exposure and vulnerability analysis will be an important part of the mapping for each hazard. This will include assessment of social, economic, physical and environmental vulnerabilities. Co-relational analysis will be produced for the selected variables for the whole country. While information in mapping format will be produced for selected urban centres in order to use it for overlaying purpose to conduct modelling.  The variables of analysis will include following: 

4.2.2.1 Shelter: Analysis of exposure of housing stock, and determination of vulnerabilities of various construction types in hazard prone regions. 
4.2.2.2. Critical facilities: Hospitals, clinics, BHUs, telecommunications facilities, water and electricity networks. Determination of vulnerabilities of various types of facilities. 
4.2.2.3. Infrastructure: Roads, bridges, dams, airports, educational institutions, commercial centres, high rise buildings. Determination of various kind of infrastructure. 
4.2.2.4. Livestock: Number of livestock exposed to drought, flood and cyclone hazards. Vulnerability of different livestock types to experience disease or death from the above hazards. 

4.2.2.5. Crops: Scale of exposure of agriculture sector/crops to drought, flood and cyclone hazards. Vulnerability of various crop varieties to the above hazards, in terms of suffering losses.  
4.2.2.6. Industry: Extent of industry’s exposure to natural hazards; e.g. number of units, location etc.   

4.2.2.7. Social: Vulnerabilities of different social groups in hazard prone areas based upon factors like age, sex, income, ethnicity (caste, religion, language etc.), occupation, education and settlement type (rural or urban).

4.2.3. Risk Analysis

4.2.3.1. Mortality and injury scenarios for selected regions and cities located in high risk zones.  Projections of potential losses to livestock for all hazard prone provinces/regions; 
4.2.3.2. Response scenarios: People needing food, shelter, rescue/evacuation and first aid etc.
4.2.3.3. Economic projections: Projections of financial loss and damage in various regions against different disasters; e.g. scenarios for loss to crops, industry, shelter, infrastructure or facilities in Karachi city or in NWFP province.   

4.2.3.4. High risk regions / cities: Based upon their location and analysis of above aspects, a group of most vulnerable districts and municipalities in the country.
5. POTENTIAL SOFT WARES
A number of soft wares on risk mapping already exist in various parts of the world. The responsible agency will work closely with the NDMA to review the existing soft-wares and adapt a software, which better suits the needs in Pakistan. Few existing soft-wares include HAZUS, CVAT (Community Vulnerability Analysis Tools) and RADIUS. In addition, DESINVENTOR software which has been applied widely in the South American and Asian regions can be a very useful addition. The selected firm would have experience in using such soft-wares or better ones.  
6. TEAM COMPOSITION ((Estimated) 
It is expected that a multi disciplinary team will conduct this mapping and give their inputs into the overall analysis. The team should comprise upon:
· Seismologists
· Hydrologist / flood engineers & experts

· Oceanographers

· Drought experts / meteorologists

· Medical doctors

· Structural Engineers

· Socio-economic experts 
· Agriculture and livestock expert 

7. TIMEFRAME (Estimated)
It is anticipated that the mapping including data review, field work, scenario building should be completed in 18 months.  Up to 06 months will be allocated to the digitization and write up of the findings and analysis. Assignment is expected to start by May, 2008.  
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