
QUICK GUIDE
NATURAL HAZARD DATA

Disasters are produced by complex interactions between naturally occurring hazards, such as (i) earthquakes or tropical cyclones; (ii) 
the exposure of people, infrastructure, and other assets to those hazards; and (iii) the level and nature of vulnerability of those people 
and assets. This relationship is commonly expressed in the following formula:

Disaster risk = f (p (hi ), e, v)

where disaster risk is a function f of p(hi); a probabilistic function of a given natural hazard of varying intensity in a particular location; e, 
exposure; and v, vulnerability. Disaster risk assessment is inherently an information-intensive process, and obtaining the necessary input 
data can be one of the more time-consuming and difficult parts of the process. This quick guide addresses data related to the natural 
hazard element of the disaster risk function. 

Figure 1: Flood Hazard in Jakarta

Source: Deltares and City of Jakarta. Creative Commons Licensed. 
http://docs.inasafe.org/en/training/socialisation/datasets.html

Measuring and Mapping Natural 
Hazards
For the purposes of disaster risk assessment, 
the concept of natural hazard is understood 
to have three interrelated characteristics: 
intensity, frequency, and location.

Due to the spatial character of natural hazards, maps are commonly used to provide visual depictions of hazard information. For 
example, Figure 1 indicates the intensity and location of flooding in Jakarta based on flood conditions experienced in 2007. The darker 
color indicates greater water depth. Specialized geographic information systems (GIS) software that can accommodate spatial data is 
commonly required for creating, managing, and visualizing natural hazard data. Remote-sensing technologies also play an important role 
in mapping. 
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2 Understanding the Frequency or 
‘Return Periods’ of Natural Hazards

The return period is an important concept when working with natural hazard 
information. It can appear as both a unit of analysis and a descriptor. For 
instance, hazard data available for earthquakes from the United Nations 
Office for Disaster Risk Reduction (UNISDR) 2015 Global Assessment 
Report on Disaster Risk Assessment1  labeled eq_500yr relate to maximum 
probable earthquake intensity in a 500-year period for every location for 
which the dataset has coverage. In this case, the return period refers to the 
unit of analysis.

The second way in which the idea of return periods is used is to describe 
individual historical or potential natural hazard events. For example, a “100-
year” flood or a “1-in-100 years” flood refers to a flood of an intensity that 
has a 1% likelihood of occurring in any given year. However, it is frequently 
understood to mean a flood of an intensity that is likely to occur every 
100 years or so. This confusion is somewhat problematic and can lead to 
misinterpretation, especially by the general public. It is equally possible to 
have two successive “100-year floods” within 2 succeeding years, within 
20 years of each other, or 150 or more years apart. Over the very long term, 
however, they will occur once every 100 years on average and, hence, have a 
1% probability of occurring in any given year.

1 UNISDR. 2015. Global Assessment Report on Disaster Risk Reduction 2015 - Making Development Sustainable: The Future of Disaster Risk Management. Geneva.



Scale. In assessing natural hazard data, one 
of the most important factors to consider 
is the level of detail at which spatial data 
attempts to represent the world. There are 

two common means by which this concept is typically 
measured: scale and resolution. Scale is the relationship 
or ratio between the size of features as depicted on a map 
and their actual size. It is usually expressed in two numbers 
separated by a colon, where the unit to the left of the 
colon is the distance on the map, and the unit on the right 
is the corresponding distance on the ground. Larger-scale 
maps (i.e., 1:5,000) convey greater detail than smaller-
scale maps (1:100,000).

3 Determining Natural 
Hazard Potential

Historical disaster records can play an important role in 
developing the understanding of present and future natural 
hazard potential. Where available, such records typically 
include a measure of hazard intensity and location as well 
as dates of occurrence. They help gauge return periods of 
recurring events, calibrate models, and identify geographic 
areas of particular concern. In some cases, records can 
stretch back for hundreds of years. More commonly, 
however, records go back only a few decades, under-
reporting lower frequency, higher impact events. Entries for 
recent events are often based on more precise observation 
and measurement.

4 Climate Change and 
Natural Hazards

Natural hazards fall into two categories, which reflect their 
underlying natural causes: (i) geophysical hazards, such 
as earthquakes, tsunami, and volcanic eruptions; and 
(ii) hydrometeorological hazards or extreme weather events, 
such as floods, droughts, and tropical cyclones. Climate 
change is expected to impact extreme weather events 
in complex and significant ways. Asia is anticipated to 

2 IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel 
on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA, 1535 pp.

Modeling is also important in understanding and measuring 
natural hazards. There are two approaches: deterministic and 
probabilistic. Deterministic hazard analysis is scenario- or event-
based. For example, a deterministic hazard model may show the 
extent or depth of flooding that would result from a particular 
rainfall event or the amount of ground-shaking that would occur 
due to a given magnitude earthquake at a specific location along a 
fault. For a particular source event, a deterministic approach seeks 
to convey the geographic extent and intensity of the hazard for 
the area of concern. Deterministic scenarios are usually used for 
slow onset natural hazards, such as droughts. Probabilistic hazard 
analysis relies on many, sometimes thousands, of possible source 
events to assess the probability of a certain intensity of hazard at a 
given location. This approach is increasingly possible as modeling 
techniques have improved, and it is growing particularly common 
in seismic hazard and tropical cyclone modeling. 

experience more frequent and intense heat waves and an increase 
in heavy rain events, both during monsoons and near the center 
of tropical cyclones making landfall, along with widespread issues 
related to water shortage.2 Effects of climate change on Pacific 
island countries are expected to include (i) sea level rise, 
(ii) increased intensity and frequency of tropical cyclones, and 
(iii) more frequent extreme rainfall events. Therefore, any efforts 
to create or understand information about future weather-related 
hazards must consider the projected impacts of climate change—
in particular, the expected increased variability in weather 
patterns—in the geographic area under consideration.

Source: Used with permission from GIS Lounge 
https://www.gislounge.com/geodatabases-explored-vector-and-raster-data/
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5 Selecting Natural Hazard 
Datasets

There is a range of available regional and international 
datasets (see table) as well as national natural hazard 
datasets held by research and monitoring institutions such 
as seismological and meteorological institutions. A number 
of issues should be carefully considered in identifying 
and, where necessary, commissioning the preparation of 
appropriate datasets for operational purposes of the Asian 
Development Bank.

Figure 2: Elevation Dataset for the Topanga 
Watershed in California, United States



Authoritativeness. The authoritativeness of a particular dataset stems from the individual, organization, or institution that 
created, maintains, or is otherwise associated with it. There are two important sources of authority worthy of consideration 
when assessing the suitability of available natural hazard information. The first is mandated authority. Many government 
ministries have a legal responsibility to create and manage official datasets.  For example, meteorological agencies in many 
countries are responsible for producing precipitation records. The second relates to the reputation for scientific or technical 
expertise held by the individual or organizations responsible for creating the data. It is neither necessarily the case that 

authoritative datasets will be of the highest quality, nor that mandated responsibilities are met in full. However, authority can help increase 
trust in the data, and the results of any modeling or analysis based on them.

3 Note: Used with permission from GIS Lounge: https://www.gislounge.com/geodatabases-explored-vector-and-raster-data/.

Temporality. Being aware of the date of dataset creation is important. This is particularly vital for data pertaining to frequently 
changing phenomena, such as dynamic river systems or terrain morphology. Newer datasets can—although not always—reflect 
improvements in modeling techniques and sensitivity of instruments or incorporation of improved input datasets. When 
considering historic disaster records, it is also important to assess the return period of each event over the recorded period. In 

general, historical records tend to underreport lower frequency, higher impact events.

Resolution. Resolution is more commonly encountered when dealing with digitized natural hazard data. It is the corresponding 
size of one pixel in the data to the amount of area in the world that the information contained in that pixel represents. For 
example, a 90-meter (m) resolution digital elevation model will represent the mean elevation for each 90 m x 90 m cell in the 

area covered by the dataset. Figure 2 illustrates a digital elevation model, in this case prepared to a resolution of 30 m.3 

In selecting the required levels of scale and resolution, users should consider for what purpose the data will be used and what decisions will 
be made based on that information. For regional-scale planning or for identifying first-order priorities, 100 km or 500 km resolution data 
may be sufficient. For planning related to very local landslides or to flood risk management interventions, even 30 m resolution data may 
need to be supplemented with detailed site surveys.

Data gaps. There are significant data challenges in many developing member countries relating to gaps in historical data. 
Rainfall records are often incomplete, for instance, and networks of reading stations sometimes too sparse. Technical expertise 
should be sought regarding interpolation methods to estimate missing data points, taking into account context-specific factors 

such as the type of data, domain, extent of gaps, and desired confidence level (reliability) of the analysis.

Key International and Regional Sources of Hazard Data

Multihazards

Earthquakes

Tsunamis

Volcanic eruptions

Tropical cyclones

Floods

Landslides

Droughts

https://platform.openquake.org/
http://www.globalquakemodel.org/openquake/about/

https://www.ngdc.noaa.gov/hazard/tsu_db.shtml
http://ptwc.weather.gov/ 

http://www.preventionweb.net/english/professional/
maps/v.php?id=8773

http://pcrafi.spc.int/

http://floodobservatory.colorado.edu/Archives

http://preview.grid.unep.ch/index.php?preview=-
data&events=landslides&evcat=1&lang=eng
http://preview.grid.unep.ch/index.php?preview=-
data&events=landslides&evcat=2&lang=eng

http://preview.grid.unep.ch/index.php?preview=-
data&events=droughts&evcat=1&lang=eng
http://drought.eng.uci.edu

http://risk.preventionweb.net/capra-
viewer/download.jsp

Source: Asian Development Bank.
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ADB’s vision is an Asia and Pacific region free of poverty. Its mission is to help its developing member countries reduce poverty and 
improve the quality of life of their people. Despite the region’s many successes, it remains home to a large share of the world’s poor. ADB 
is committed to reducing poverty through inclusive economic growth, environmentally sustainable growth, and regional integration. 

Based in Manila, ADB is owned by 67 members, including 48 from the region. Its main instruments for helping its developing member 
countries are policy dialogue, loans, equity investments, guarantees, grants, and technical assistance. 
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Licensing and open data. One often overlooks that the challenge in working with natural hazard data relates to restrictions 
on access, use, and redistribution of datasets and disaster risk assessments. The license, or terms of use, which datasets are 
released under has a significant but little understood impact on whether particular data can be used. A common related 
challenge is that data providers, including within government, may charge other users—even other government agencies—for 
access to information as part of an effort to recover costs. Open data advocates suggest that spatial data should be recognized 

as a public good, and that data maintained and created by governments should be released under permissive, open licenses that encourage 
use and redistribution. 

Data formats. The data, or file format, in which a dataset is stored can affect the ease with which it can be used in another 
project. When selecting datasets or funding the creation of new data, it is worth ensuring that standard formats are used, 
although experienced experts will likely do this as a matter of practice. Data formats can typically be identified by their file 
extension, such as .xls and .csv for tabular data, and .shp, .geojson, and .kml for spatial data. 
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