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SECTION   I

Disaster preparedness: Gearing Earth 
observation and GIT into action

1.1 Introduction
Natural disasters are becoming more frequent 
and severe in the modern world due to climate 
change, and their impact on human lives and the 
economy is expanding because of key drivers like 
urbanisation and the frequency of extreme weather 
occurrences (Petiteville et al. 2015). The United 
Nations Office for Disaster Risk Reduction (UNDRR) 
defines the term “disaster” as ‘‘a serious disruption 
of the functioning of a community or a society at 
any scale due to hazardous events interacting with 
conditions of exposure, vulnerability, and capacity, 
leading to one or more of the following: human, 
material, economic and environmental losses, and 
impacts’’. Natural disasters are those extreme events 
that occur within the Earth’s system (lithosphere, 
hydrosphere, biosphere, atmosphere) causing 
fatalities and damage or loss of valuable goods. At 
the outset, it is critical to understand the difference 
between “disaster” and “hazard”. In the case of 
“hazard”, it is a phenomenon that has the potential 
to cause destruction to life and property; a “hazard” 
becomes a “disaster” when the potential to cause 
destruction is fulfilled. Disasters can be classified as 
below: 

 y Natural: These are caused by natural 
phenomena like earthquake, flood, drought, and 
wildfire.

 y Human-induced: These are accelerated or 
aggravated by human influence, such as in the 
form of environmental degradation.

 y Human-made: These are caused due to complex 
emergency conditions like food insecurity and 
armed conflict.

With urbanisation and economic globalisation, there 
has been an intensification in the concentration 
of private, public, commercial, and industrial 
investments in hazard-prone locations. This poses 
a grave risk to supply networks, enterprises, 
governments, and society. The 2050 estimates of the 
World Urbanization Prospects (WUP) – published 

by the United Nations Department of Economic 
and Social Affairs (UN DESA) – predict that by that 
year, more than 74 per cent of the population of 
Asia would be residing in urban areas and that 
most of the Hindu Kush Himalaya (HKH) countries 
would have 40 per cent of their population living in 
urban localities (Table 1.1). And in all likelihood, 
these populations will be residing in unplanned 
settlements, thereby exposing themselves to the ills 
of climate change. In the particular case of Nepal, its 
urban population is expected to increase by 30 per 
cent by the year 2050.  

Unplanned settlements are especially vulnerable to 
natural disasters as they are often poorly planned 
and managed, and also suffer from environmental 
pollution and poverty. In such contexts, women, 
children, the elderly, and those with ailments 
become particularly vulnerable to the risks induced 
by climate change. For instance, the rise in both sea 
level and temperature, caused by climate change, 
poses concerns in terms of agricultural and food 
security, ecology, and health. Studies say that from 
1970–2010, the proportion of the world’s population 
living in flood-prone river basins increased 
drastically by 114 per cent, while the proportion of 
the population living in cyclone-prone coasts shot 
up by a whopping 192 per cent (UNISDR 2011). In 

PERCENTAGE OF THE POPULATION RESIDING 
IN URBAN AREAS IN 1950 AND 2018, AND THE 
ESTIMATED PERCENTAGE IN 2050

TABLE 1.1

Country 1950 2020 2050

Afghanistan 6 26 41

Bangladesh 4 38 58

Bhutan 2 42 58

China 55 85 92

India 17 35 53

Myanmar 16 31 47

Nepal 3 21 37

Pakistan 18 37 52

Source: WUP, 2018
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2021, the Emergency Event Database (EM-DAT) 
reported 432 cases of natural disaster (Figure 1.1) 
across the world, leading to the death of 10,492 
people, harm to 101.8 million people, and economic 
damages worth USD 252.1 billion. Meanwhile, a 
study conducted for the period 2001–2020 found 
that floods were the most common natural disaster, 
with 223 of them occurring during this period 
(OECD 2022). As for continents and their share of 
natural disasters, another study found Asia to be the 
most severely affected, accounting for 40 per cent 
of all such disasters, 49 per cent of all deaths, and 
66 per cent of all persons affected (CRED 2022).  It 
was also found that mountain areas are especially 
vulnerable to disasters such as flash floods, 
landslides, earthquakes, forest fires, and droughts 
(IPCC’s AR6 WG2 2022). Meanwhile, as a counter to 
these disasters, several ecosystem-based adaptations 
(EbAs) are being widely put into use in the form 
of afforestation, reforestation, river restoration, 
renaturation, and watersheds (Klein et al. 2019; 
Palomo et al. 2021). 

All the above evidences point to the need for a 
meticulous strategy on disaster risk reduction (DRR). 
And this strategy should be based on acknowledging 
the fact that climate change and sustainable 
development are issues that are intertwined and so 
must be addressed holistically.

NUMBER OF DISASTERS BY CONTINENT AND THE TOP 10 COUNTRIES AFFECTED BY THEM IN 2021 FIGURE 1.1

Adapted from CRED, 2022

1.2 Aspects of disaster management
Currently, there are no countries or communities 
that are immune to natural disaster. So, DRR has an 
extremely important role to play; to begin with, in 
the context of natural disasters, the element of risk 
involves the following entities: 

 y Hazard: A phenomenon that potentially 
could cause harm or lead to unfavourable 
consequences for an individual, environment, or 
system.

 y Exposure: The situation of people, property, 
systems, or functions that could be impacted by 
a risk. 

 y Vulnerability: The vulnerability of an individual, 
community, assets, or systems to the impacts of 
hazards by way of physical injury, harm, damage, 
or economic loss.

The International Federation of Red Cross and 
Red Crescent Societies (IFRC) defines “disaster 
management” as the “organization and management 
of resources and responsibilities for dealing with all 
humanitarian aspects of emergencies, particularly 
preparedness, response, and recovery, to reduce 
the impact of disasters”. It consists of four phases 
(Figure 1.2):

Africa
57

Europe
56

India
19

China
17

Vietnam*
8

Malaysia*
8

Indonesia
28

Oceania
16

France
9

Americas
129

Asia
174

United 
States

43

Mexico
11

Colombia
11

Peru
10

347
2001 to 2020

432
in 2021

* The 10th spot in the list had 3 countries tied with 8 events, therefore the list actually comprises 12 countries

Brazil*
8

Philippines
14
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 y Mitigation: Preventing the adverse impacts of 
hazards and related disasters.

 y Preparedness: Measures to prepare for and 
reduce the effects of natural or anthropogenic 
disasters.

 y Response/Relief: Emergency services and 
assistance to the general public during or 
immediately after a disaster. 

 y Recovery: Actions involved in: rebuilding 
destroyed property; repair of other essential 
infrastructures; and re-employment.

1.3 Role of Earth observation and 
GIT 

A breakthrough in the field of Earth observation 
(EO) with data from the TIROS-1 satellite for 
meteorological forecasts in the early 1960s began 
a new era in disaster risk management wherein 
meteorological disasters could be better monitored, 
comprehended, and eventually predicted.  
Currently, over 40 countries have invested in EO 
satellites, thereby amounting to a governmental 
investment of about USD 8 billion per annum; then 
there are commercial investments and public–
private partnerships (Petiteville et al., 2015). Many 
of the large EO programmes have free and open 
data rules, thus allowing for their data to be used 
in a variety of areas that are beneficial to society; 
some of these programmes are the Copernicus 
Programme of the European Commission (EC) and 

the European Space Agency (ESA) and the satellite 
EO programmes of the US government. These 
programmes are focused on diverse applications 
of disaster risk management (DRM) and DRR. The 
major benefits of space-based infrastructure in 
disaster management include:

 y Robust near-real-time data and information

 y Consistent and comparable information at 
multiple scales – local, regional, and global 

 y Accessibility to relatively inaccessible and 
hazardous areas without risk

EO data can provide frequent and comprehensive 
updates on the status of hazards and complements 
in situ data (as well as airborne data, socioeconomic 
data, and model outputs). However, this might 
be the only information provided in many cases 
where either the data is limited or missing; at the 
same time, it also provides a unique opportunity 
to monitor those areas that are unaffected by the 
observed hazards. 

The ability of geospatial information technology 
(GIT) to acquire, interpret, analyse, map, and 
disseminate information is critical to all areas of 
disaster management. GIT provides a platform and 
is a spatial-decision support tool to deal with critical 
spatial decisions utilising the EO data. 

1.3.1 Functions of EO and GIT to DRR 
components

EO and GIT act together in providing information 
and solutions that are necessary for natural disaster 
management; they also aid the various phases of 
DRR through the following functions:

 y Exposure and hazard mapping: EO provides 
the base-layer information that can be utilised in 
exposure mapping; this helps in preparedness/
mitigation and in early warning and response. 
EO also provides spatiotemporal evidence of 
disasters which can then be evaluated and 
integrated with GIT to create exposure and 
hazard maps of potential exposure and risk 
zones. For example, the floods in Bangladesh in 
2019 were mapped using this mechanism (Figure 
1.3).

 y Risk management: Risk analysis provides 
a variety of information to support risk 
management. For example, through flood-risk 
analysis, various data can be retrieved, including 
the socioeconomic and land-cover classifications 

DISASTER MANAGEMENT PHASESFIGURE 1.2

Adapted from www.itu.int

DISASTER 
MANAGEMENT 

PHASES

Preparedness
Response

Recovery

Mitigation
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of at-risk regions and the hazard-damage data 
based on water-depth and/or flow-velocity 
observations. 

 y Monitoring: The synoptic coverage by EO helps 
in providing up-to-date information and in 
keeping track of assets at risk. Such information 
can be utilised to gain a better understanding of 
the possible effects of natural disasters in high-
risk locations. For example, repetitive satellite 
radar scans can be used to assess sub-centimetre-
scale changes in deformation; this can help 
in detecting geophysical subsidence and in 
monitoring structural stability. 

 y Early warning: A variety of natural disasters such 
as landslides and tropical cyclones are tracked 
and early warning is issued using EO data. 

 y Relief and rehabilitation: In conjunction 
with the Global Positioning System (GPS), 
GIT can provide location intelligence, which 
is highly instrumental in search-and-rescue 
operations in disaster-affected zones. EO can 
aid in assessing the damage and after effects to 

FLOOD INUNDATION MAP: BANGLADESH, 2019FIGURE 1.3

 Source: ICIMOD (2019)

provide a quantitative base for relief operations. 
In addition, these are useful for organising 
damage information and post-disaster census 
data, evaluating potential reconstruction sites, 
determining suitable areas for shelter, and for 
assigning resources during recovery.

1.4 International initiatives on  EO 
applications for disasters

The remarkable integration of space-based 
observations in meteorology raises questions on 
how and to what extent can its success be replicated 
in coastal, hydrometeorological, and geo hazards. 
The answer comes from several international 
coordination initiatives and programmes that 
have dealt with a variety of hazards, including soil 
and coastal erosion; coastal, groundwater, and 
inland flooding; landslides, earthquakes, tsunamis, 
and wildfires. These initiatives pioneered the 
establishment of the required links between data 
sources, information developers, and end users to 
ensure the use of EO in disaster management and 
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DRR. The initiatives include: the Group on Earth 
Observations (GEO) and its Geohazard Supersites 
and Natural Laboratories (GSNL) established 
in 2003; the European Copernicus programme 
(formerly known as GMES – Global Monitoring 
for Environment and Security) and its Sentinel 
missions that have been deployed since 2014; the 
Japanese-supported Sentinel Asia; and the Natural 

Laboratories in the USA. Some of these initiatives 
are briefly described in Table 1.2. The common 
objectives of these initiatives and projects are to 
employ satellite constellations to monitor the major 
drivers of risk, educate users through a global data 
and modelling infrastructure, and eventually help 
disaster-prone populations. 

Initiatives Year of 
establishment

Description Activities

International 
Charter on Space 
and Major Disasters1

2000 An international collaboration amongst 
space agencies to provide an integrated 
system to access EO data for disaster 
response.

• Focus on hazards in terms of rapid onset scenarios
• Offer services in the areas of disaster monitoring and  

hazard-impact assessment

Sentinel Asia2 2005 An international collaboration of space 
and disaster management agencies to 
support disaster management efforts in 
the Asia-Pacific region; this is led by the 
Asia-Pacific Regional Space Agency Forum 
(APRSAF).  

• Offer EO-based emergency observations during major 
disasters

• Working group activities are focused on wildfire, flood, 
and the monitoring of glacier lake outburst flood 
(GLOF) 

• Capacity building on the use of EO for effective DRR

The Committee on 
Earth Observation 
Satellites (CEOS)3

1984 CEOS coordinates civil space-based EO 
programmes. More than 30 national/
regional space agencies work together 
in it and are now jointly responsible for 
operating more than 100 EO satellite 
missions.  

• A working group on disasters supports and spreads 
awareness about DRM  through EO data and scientific 
analysis

• Establishment of three thematic pilots on floods, 
seismic hazards, and volcanoes for expanded 
coordination among space agencies to serve  
information products to national users 

• Establishment of a recovery observatory for improved 
collaboration of space agencies with all DRR partners 
after a major disaster

Copernicus4 2014 This EO programme of the European 
Union is managed by the European 
Commission in partnership with ESA, 
EU member states, the European 
Organisation for the Exploitation of 
Meteorological Satellites (EUMETSAT), 
the European Centre for Medium-Range 
Weather Forecasts (ECMWF), EU agencies, 
and Mercator Océan. 

• The Copernicus Emergency Management Service 
addresses the emergencies resulting from natural or 
man-made disasters

• Provides timely and accurate geospatial information 
derived from EO for mapping and early warning 

Group on Earth 
Observations (GEO)5

2005 An intergovernmental partnership 
to enhance the availability, use, and 
influence of open EO data and in situ data 
for policy and decision-making purposes. 

• Develop and implement a consistent crosscutting  
strategy to expand the use of EO data in supporting  
national DRR and resilience initiatives 

• A DRR working group promotes awareness  on relevant  
international policy frameworks  for Disaster Risk 
Reduction  2015–2030 with priorities towards three 
international policies on climate action, sustainable 
development, and urban resilience

World 
Meteorological 
Organization 
(WMO)6

1950 Specialised agency of the United Nations 
and the UN’s authoritative voice on 
the state and behaviour of the Earth’s 
atmosphere, its interaction with the 
oceans, the climate it produces, and the 
resulting distribution of water resources.

• The DRR programme assists governments and 
members to develop and deliver services related to 
environmental emergencies emanating from natural 
hazards; this is carried out in a systematic, cost-
effective, and sustainable manner for resilient and 
sustainable development under the climate change 
scenario 

Source: Modified from Petiteville et al., 2015

INTERNATIONAL INITIATIVES/COLLABORATIONS WORKING ON DISASTER RISK MANAGEMENTTABLE 1.2

1  https://disasterscharter.org/web/guest/home;jsessionid=0AA09B6D6AC95A710248FF9CAF87A3F4.APP1
2  https://www.aprsaf.org/initiatives/sentinel_asia/
3  http://www.eohandbook.com/eohb2015/ceos.html 
4  https://www.copernicus.eu/en/about-copernicus
5  https://www.earthobservations.org/index.php
6  https://public.wmo.int/en/programmes/disaster-risk-reduction-programme 
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A geographic information system (GIS) combines 
hardware, software, and geography to collect, store, 
alter, analyse, manage, distribute, and present all 
forms of geographically linked data (Figure 2.1). GIS 
is now being used more frequently in different kinds 
of applications, including planning, mapping, and 
monitoring. GIS is also known by different terms 

SECTION   II

Introduction to geographical 
information system (GIS)

CONCEPTUAL DIAGRAM OF A GISFIGURE 2.1

such as “geographical information technology” (GIT) 
and “geospatial information studies” or “technology” 
(GIS/GIT). Although the term “GIS” is frequently 
referred to describe software packages, a true GIS 
requires knowledgeable employees, hardware, data, 
and software.

Hardware

PeopleData App/Methods

GIS
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AN EXAMPLE OF GIS DEPICTING THE GEOGRAPHIC LOCATIONS OF COVID-19, ALONG WITH ASSOCIATED INFORMATIONFIGURE 2.2

The primary objective of a GIS is to transform 
geographic data into useful information in order 
to address real-world queries. For example, in 
Figure 2.2, the COVID tracker provides information 
regarding COVID-19, along with spatial and non-
spatial data. The term GIS may be elaborated as:

 y Geographical: A majority of the data and 
information are associated with some location 
in space or referenced to the locations on Earth. 
The key word “geography” depicts the association 
of any data and information with some location 
on Earth, thereby it is known as “spatial” and has 
characteristics that can be described in terms 
of shape, place, and the relationship with other 
spatial data.

 y Information: The spatial locations are 
described with some additional information 
in GIS which are characterised as tabular 

attributes, or characteristics (data) that can be 
used to symbolise and offer more insights into 
a particular location in terms of name, area, 
measurements, etc.

 y System: This refers to a seamless operation that 
uses hardware, networks, software, data, and 
operational processes to connect the information 
to the geography.

2.1 Functions of GIS 
GIS uses spatial and non-spatial attribute data 
to answer questions about the real world. It is a 
combination of spatial analysis functions that 
distinguish it from other applications (Figure 2.3). 
Broadly, the functions of GIS can be grouped into 
four categories as below:

Source: www.bing.com/covid/local/nepal 
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Data source Data layers

Street data

Nonspatial table 

Raster dataset

Feature dataset

Polygon

Line

Geodatabase

Buildings data

Vegetation data

Integrated data

a) Data acquisition

c) Spatial analysis d) Visualisation

b) Database management

GIS FUNCTIONSFIGURE 2.3
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2.1.1 Data acquisition and preprocessing 

GIS data can be obtained from a variety of sources in 
various forms and can be stored in a variety of ways. 
GIS is a tool and a method for combining diverse 
types of data into a format that can be integrated and 
analysed. Manual digitisation and scanning of aerial/
satellite images, paper maps, and existing digital 
data sets are among the data sources. As for GIS data 
input sources such as EO satellite images and GPS, 
they hold considerable promise. GIS has also a lot of 
potential for interactively experimenting with data 
to get the desired map output or to confidently allow 
for any subsequent data analysis.

2.1.2 Database management, update and 
retrieval

After the retrieval and integration of data, it can 
be stored in different media such as a digital video 
disc (DVD), a universal serial bus (USB), and cloud. 
GIS provides the facility of data storage, data 
retrieval, data maintenance, data security, and 
data integration. The retrieved spatial data can be 
updated regularly on a temporal basis. GIS allows for 
the integration of multiple data with map variables. 
It can also create and analyse new variables and 
factors – for example, GIS can be used to combine 
the population records of a country with data on its 
food demands and water accessibility.

2.1.3 Spatial modelling, measurement and 
analysis

GIS provides a platform to analyse and interpret 
data both statistically and qualitatively using various 
spatial analysis functions like measurement, 
proximity analysis (buffering), overlay, and 
connection activities. For example, satellite images 
can help an ecologist model the biomass estimation 

of a particular forest type. GIS also allows for 
many simulation models on data to create useful 
information for planning flood modelling and 
predicting urban growth.

2.1.4 Presenting results – graphical output  
and visualisation

GIS enables a variety of ways to represent 
information, including through tables, graphs, and 
maps of the data, along with scale transformations. 

2.2 Fundamental data types in GIS
The GIS system uses two categories of data types – 
spatial and non-spatial. 

2.2.1 Spatial data 

Spatial data are data sets created via field surveys 
or EO data pertaining to the Earth’s surface. As 
mentioned in section 2.1, these are associated with 
geographic locations. These data sets are made up of 
satellite photos, coordinates, and other information 
that are interpreted to create themed maps which 
can help in disaster management. Spatial data can 
be stored in GIS in two types of data models – raster 
and vector.

2.2.1.1 RASTER DATA MODEL

Raster data models use a grid-cell data format 
wherein the geographic area is divided into cells 
with row and column identifiers (Figure 2.4). 
Generally, raster data implies a regularly spaced 
grid matrix with equally spaced rows and columns. 
However, grid-based GIS systems do include various 
tessellated data formats. Each raster cell contains 
location coordinates and an attribute value, such as 

STRUCTURE OF A RASTER DATA MODEL SHOWING THE MATRIX STRUCTURE OF ROW AND COLUMN OF CELLSFIGURE 2.4
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forest type, temperature value, and elevation. These 
are often referred to as “one attribute” maps. 

The spatial resolution of the raster data set is 
determined by the size of the cell, i.e., smaller 
cell sizes correspond to higher resolutions and 
higher spatial accuracy of features, as well as slow 
processing and larger file sizes, and vice versa in the 
case of larger cell sizes (Figure 2.5). In addition, fine-
to-coarse resolution might also change the spatial 
density/accumulation of the data in terms of species 
number, mean climate, etc.

Raster data can be represented in two forms: i) 
continuous raster; and ii) discrete raster. Continuous 
rasters are those where the cells (pixels) change 
gradually, depicting different values. Some examples 
include those of elevation and temperature 
(Figure 2.6a). Continuous raster surfaces come from 
a fixed registration point. For instance, in digital 
elevation models (DEMs), sea level is used as the 
registration point. Each cell represents a value that 

is above or below the sea level. A discrete raster 
represents a specific theme or class wherein each 
pixel is assigned to a specific class (Figure 2.6b). 
Discrete data, unlike continuous data, can only take 
specified values. For example, in a discrete raster 
land use, land cover (LULC) map, each thematic 
class is shown with a defined range of values.

2.2.1.2 VECTOR DATA MODEL 

Vector data models incorporate the representation 
of Earth features in the form of points, lines, and 
polygons (areas; Figure 2.7). For example, points, 
lines, and polygons are often used to represent 
buildings, roads, and forests, respectively. Each 
object’s position is defined by a series of coordinate 
pairs. These are explained below: 

 y Point: A point is described by a single X–Y 
coordinate pair and by its name or label used for 
representing objects without any area extent, 
such as wells and rainfall stations (Figure 2.7a). 

RASTER DATA REPRESENTED IN VARIOUS RESOLUTIONS TO SHOW THE IMPACT ON ACTUAL FEATURE DISPLAY IN THE IMAGEFIGURE 2.5

 • Smaller cell size
 • Higher resolution
 • Higher feature spatial accuracy
 • Slower display
 • Slow processing
 • Higher file size

 • Larger cell size
 • Lower resolution
 • Lower feature spatial accuracy
 • Faster display
 • Fast processing
 • Smaller file size

1 m2 cell size 2 m2 cell size 4 m2 cell size

REPRESENTATION OF RASTER DATA FORMS: A) CONTINUOUS (DEM); AND B) DISCRETE (LULC)FIGURE 2.6
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 y Line: A line is described by a set of coordinate 
pairs that are used to represent linear features 
like roads, rivers, and telephone lines. Linear 
features are depicted by vectors in the simplest 
form of a line having a beginning and an ending 
point (Figure 2.7b). These points are referred to 
as “nodes”. More complex lines have a number 
of breakpoints (indicating a change in the line’s 
direction) along with a start point and an end 
point.

 y Polygon: Polygons are used to represent areas 
such as land-cover classes, forest types, and soil 
classes. The coordinates for the polygon to define 
an area’s boundary are saved similar to a line 
object, but the difference is that the start and end 
nodes’ coordinates are identical (Figure 2.7c). 
The area must be completely enclosed by the line 
defining it; therefore, the final node’s coordinates 
must be the same (Reddy 2008).

REPRESENTATION OF: A) POINT; B) LINE; C) POLYGON; AND D) DIGITISED/OVERLAID IMAGE IN GISFIGURE 2.7

Each vector data has a unique identification number. 
This allows to connect the geographical coordinates 
to one or more database attributes, thereby enabling 
the deployment of complex data structures. 

2.2.1.3 COMPARISON OF RASTER AND VECTOR DATA 
MODELS

Both raster and vector data models have their 
advantages and disadvantages. The raster data 
model has a simple data structure and is fairly 
fast and easy for spatial analysis and modelling 
(Table 2.1). Continuously changing surfaces are also 
represented well in raster since simulation is easy 
due to the uniform grid size. Vector models have a 
good representation in terms of complex topologies; 
so, making queries on attributes is easier. Similarly, 
the geographic precision is higher, updating is 
easier, and the output is compatible with hand-
drawn line maps. 
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2.2.2 Non-spatial data

Non-spatial data comprises spatial features that 
are independent of any geometric concerns. Non-
spatial features that characterise spatial things 
are called “attributes”. Each object will often have 
numerous attributes that describe it, which are 
stored in an attribute table. Tables are widely used 
to organise attributes, with each row representing 
one entity and each column representing one 
attribute, or descriptor, of that entity. Each row 
usually corresponds to a single item. For example, 
the location of a place is represented by a coordinate 
pair that depicts spatial data which gives the 
geographic reference; while the name of that place, 
population, vegetation types, etc. stored in a table 
provides the non-spatial information on that area 
(Figure 2.8). 

2.2.2.1 TYPES OF NON-SPATIAL DATA 

Non-spatial data is mainly characterised into two 
categories – qualitative and quantitative – and then 
divided into subcategories (Figure 2.9).

 y Qualitative data: Qualitative or categorical data 
describes any object using a finite set of discrete 
classes. It implies that this type of data cannot 

be counted or measured easily using numbers 
and must instead be categorised. These data 
are divided as: a) nominal: relates to names of 
features, symbols, etc.; b) ordinal: relates to the 
ranking/order of the features, e.g., population 
and class; and c) binary: relates to the data that 
has only two values – yes/no, 0/ 1, or true/false. 
The symmetric binary data represents both the 
values with equal importance as in the case of 
gender.

 y  Quantitative data: In this data type, values are 
countable – for instance, district population, 
forest biomass, etc. This data type is divided into: 
a) numeric: represented in integer or real values 
in intervals or ratio scales; b) discrete: with finite 
values that can be numerical or categorical; and 
c) continuous: having an infinite number of sets 
and of a float type, e.g., temperature.

2.3 Coordinate systems
Coordinates are a convenient way of storing 
positions in space which allows for geographic 
data sets to integrate and share common locations. 
A coordinate system is a reference system that is 

DIFFERENT TYPES OF NON-SPATIAL DATAFIGURE 2.9
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BAGMATI PROVINCE DISTRICTS (IN COLOUR AS SPATIAL DATA) AND THEIR DESCRIPTION IN THE TABLE (REPRESENTING 
NAME AND POPULATION FOR DIFFERENT YEARS AS NON-SPATIAL DATA)FIGURE 2.8
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used to represent geographic features, imagery, 
and observations, much like GPS, within a common 
geographic context. Each coordinate system is 
characterised by a measurement framework 
(geographic or planimetric), a unit of measurement 
(metre, degree, minute, etc.), and another 
measurement system like a spheroid of reference, 
a datum, and projection parameters. The two 
common types of coordinate systems are briefly 
discussed below.

 y Geographic Coordinate System (GCS): GCS 
represents the locations of any Earth feature 
using a three-dimensional spherical surface. It 
uses an angular unit of measurement, a prime 
meridian, and a datum (based on a spheroid). 
Although the Earth is best represented by an 
ellipsoid or a spheroid (a shape that is created 
by rotating an ellipsis around its minor axis), it 
is occasionally portrayed as a sphere to facilitate 
easy mathematical calculations. A point is 
referenced by its longitude and latitude values 
which are the angles measured from the centre 
of Earth to a point on the Earth's surface. The 
vertical lines running North to South are known 
as the “lines of longitude”, or “meridians”. 
The “lines of equal latitude”, also referred to 
as “parallels”, are horizontal lines that travel 
from East to West. These lines encompass 
the globe and form a gridded network called 
a “graticule”. The equator is the latitude that 
lies midway between the poles. It defines the 
zero latitude line. The line of zero longitude is 
called the “prime meridian”. The longitude that 
passes through Greenwich, England, serves 
as the prime meridian for a majority of the 
countries’ geographic coordinate systems. Other 
countries use longitude lines that pass through 
Bern, Bogota, and Paris as prime meridians. 
The intersection of the equator and prime 
meridian defines the origin of the graticule (0, 0) 
(Figure 2.10). The four geographic quadrants of 
the globe are then determined based on compass 
bearings from the origin. North and South 
are above and below the equator, respectively, 
while West and East are to the left and right of 
the prime meridian, respectively. The units of 
latitude and longitude are measured in degrees, 
minutes, and seconds (DMS) or degree decimals. 

 y Projected Coordinate System (PCS): A PCS is 
represented on a flat, two-dimensional surface. 
A PCS has constant lengths, angles, and areas 
throughout the two dimensions, unlike a GCS. 
In a PCS, locations are identified by X and Y 
coordinates on a grid, with the origin at the 

centre of the grid. There are two values for 
each position that pertains to the centre. One 
describes its vertical position, while the other 
its horizontal position. The two values are called 
the “X coordinate” and “Y coordinate”. Using this 
notation, the coordinates at the origin are X = 0 
and Y = 0. The central horizontal line is referred 
to as the “X axis” and the central vertical line is 
referred to as the “Y axis” on a grid-like network 
of evenly spaced horizontal and vertical lines. 
Over the whole X and Y ranges, units are constant 
and evenly spaced. The vertical and horizontal 
lines above the origin have positive values, 
while those below or to the left have negative 
values. The four quadrants represent the four 
possible combinations of positive and negative 
X and Y coordinates (Figure 2.11). PCS can be 
defined by various map projection regimes like 
conic (Lambert Conformal Conic), cylindrical 
(Universal Transverse Mercator – UTM), and 
azimuthal systems.

2.4 GIS data capture
The acquisition of GIS data can be done via primary 
and secondary sources for both raster and vector 
data models. 

 y Primary source: This involves a direct 
data acquisition methodology that is 
usually associated with some type of in situ 
measurement. Raster data can be obtained 
via direct capture through EO satellites, aerial 
photography, and drones; and minimal labour 

REPRESENTATION OF GLOBE SHOWING GCS 
WITH PARALLEL AND MERIDIAN LINESFIGURE 2.10

Source: ESRI
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and time inputs are needed to characterise large 
landscapes. However, validation is required for 
EO data to ensure that the sensor is working 
properly and is calibrated to extract the desired 
information. Vector data can be captured by 
employing a GPS or other types of surveying 
equipment such as total stations. GPS is now being 
incorporated into other new technologies like 
smartphones which also maintain comparable 
accuracy to similarly priced stand-alone GPS 
units. Mobile phones are largely responsible for 
facilitating portable, real-time data capture and 
sharing. Some of the examples of primary sources 
are:

 – Space satellite: The increase in availability of 
multi-temporal satellite data has boosted the 
potential for monitoring and capturing broad 
regions from orbit (Smith 1997). Space satellites 
are one of the major primary sources to produce 
raster data. Some of the examples of space 
satellite missions are Landsat, Sentinel, and 
SkySat. 

 – UAV: Unmanned aerial vehicles (UAVs) are a type 
of aircraft that are capable of flight without a pilot 
and are controlled remotely ( Narayanan and 
Ibe 2015). UAVs with aerial sensors are currently 
an important source of information in areas 
of inspection, surveillance, mapping, and 3D 
modelling (Nex and Remondino 2014). One of the 
major examples of UAVs are drones.  

 – LiDAR: LiDAR, which stands for Light Detection 
and Ranging, is mostly used in remote sensing 
to measure range. LiDAR is one of the most 
efficient and trustworthy methods for collecting 
topography data. For instance, DEM  is generated 
from LiDAR data (Liu 2008). LiDAR gives the data 
in the form of a point cloud. 

 y Secondary source: This involves an indirect 
methodology that utilises the vast amount of 
existing geospatial data available in both digital 
and hard-copy formats. Raster data can be 
obtained by scanning and creating surfaces 
from imagery, while vector data can be obtained 
through topographic and toponymic surveys. 
In addition, the methodology uses information 
from reports and documents. Paper maps may 
contain current or historical information that 
cannot be found in digital formats; in such cases, 
digitisation can be used to produce digital files 
from the original map.

Secondary data are available from various 
sources, including published central and state 
government articles, statistical synopses, 
census data from government departments, 
international agencies, federal, state, and local 
governments, universities, and other institutions. 
Some examples of secondary data sources are:

 – Digital Elevation Model (DEM): A DEM 
is a representation of the topographic 
surface of the Earth as it is without trees, 
structures, or any other surface items and 
can be derived from topographic maps and 
LiDAR, Interferometric Synthetic Aperture 
Radar (IFSAR) missions. The space Shuttle 
Radar Topography Mission (SRTM; https://
earthexplorer.usgs.gov/) and ASTER Global 
Digital Elevation Model (https://asterweb.jpl.
nasa.gov/gdem.asp) are some of the well-
known DEM data. SRTM is a collaborative 
initiative of the National Aeronautics and 
Space Administration (NASA) and the 
National Geospatial-Intelligence Agency 
(NGA). This project aims to create digital 
topographic data for 80% of the Earth’s land 

PROJECTED COORDINATE SYSTEM (LOCATIONS ARE EXPRESSED AS X, Y COORDINATES ON A MAP)FIGURE 2.11

Source: QGIS documentation
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surface, with data points spaced every 1 
arcsecond (approximately every 30 metres) 
on a latitude/longitude grid.

 – Statistical data: Statistical data are the social 
statistical and demographic data comprising 
censuses, surveys, and administrative 
records, for example, population, literacy, 
household, gender disintegrated data etc. 
These data offer a comprehensive source 
of information for policy formulation, 
development planning, administrative 
purposes, research, commercial products, 
and other uses. The Central Bureau of 
Statistics (CBS) in Nepal is the central 
organisation for collecting, consolidating, 
processing, analysing, publishing, and 
disseminating statistical data. It produces 
timely and accurate socioeconomic statistics 
(such as population, literacy, gender data 
etc.), primarily through the administration 
of surveys and censuses. It conducts various 
household surveys and censuses to evaluate 
the socioeconomic state of the country. The 
Census of India (https://www.censusindia.gov.
in/), the National Statistics Bureau in Bhutan 
(https://www.nsb.gov.bt/), the Pakistan 
Bureau of Statistics (https://www.pbs.gov.pk/) 
in Pakistan are some of the national agencies 
that provide statistical data.

 – Other sources: Various national and 
intergovernmental agencies also generate 
and curate national and regional data. 
ICIMOD’s Regional Database System portal 
((http://rds.icimod.org/) RDS portal serves 
as ICIMOD’s clearinghouse for data curation 
and dissemination and ensures easy access 

to curated datasets. Similarly, some of the 
open global GIS data sources include ESRI 
open data hub (https://hub.arcgis.com/
search), NASA’s Socioeconomic Data and 
Applications Center (SEDAC; https://sedac.
ciesin.columbia.edu/), OpenStreetMap (OSM; 
https://www.openstreetmap.org/), NASA 
Earth Observations (NEO; https://neo.gsfc.
nasa.gov/), and, Terra Populus (https://www.
terrapop.org/).

2.4.1 Digitisation 

Digitisation is the process of converting geographic 
data into vector data by tracing the features from a 
hard-copy, digital, or scanned image (Figure 2.12). 
Three primary methods are available to digitise 
spatial information – two of them are manual 
processes while one involves automation.

A)  MANUAL DIGITISATION

Tablet: This involves placing a digitising puck over 
a location on the tablet and pressing one of the 
buttons on the puck to record the location of the 
feature of interest (Figure 2.12a; Reddy 2008).

On-screen: This involves vector data creation on a 
desktop GIS software – such as ArcGIS and QGIS – by 
clicking on features that define the Earth’s surface 
features Figure 2.12b.

B)  AUTOMATED DIGITISATION

This involves the vectorisation of a scanned map 
via a specialised software which can convert raster 
scans into vector lines. This requires a clean, high-
resolution scan.

DEPICTION OF MANUAL DIGITISATION METHODS:  A) TABLET (LEFT); AND B) ON-SCREENFIGURE 2.12

a) b)



USING EARTH OBSERVATION AND GEOSPATIAL APPLICATIONS FOR DISASTER PREPAREDNESS    17

2.5 Cartography
Cartography is the art and science of making 
maps and charts. Modern cartography is closely 
integrated with GIT science; so, through maps, it has 
become easy to visualise and interpret data. A map 
can be defined as “a symbolised representation of 
geographical reality, representing selected features 
or characteristics, resulting from the creative effort 
of its author’s execution of choices” (ICA 2018). 

The usefulness of a map depends on the following 
factors:

 y User:  The audience or users influence the 
making of a map. For example, a map for 
schoolchildren would be different from a map 
for scientists.

 y Purpose: This determines the features to 
be included and represented on a map; the 
objectives could involve navigation, planning, 
management, or education.

 y Content: This addresses different levels of 
information; for example, primary content (main 
theme), secondary content (base-map 
information), and supporting content (legends, 
scales, etc.).

 y Scale: 
It is 
the 
ratio 
of a 

distance on a map to its comparable distance on 
the ground. Scale controls the level of detail and 
geographic coverage that can be displayed on a 
map.

 y Projection: The choice of projection determines 
how, where, and how much the map is distorted. 
In general, the selected map projection is the 
same as used for topographic maps of a country.

 y Accuracy: GIS has simplified the process of 
information extraction, communication, and 
integration of data sets. However, this also poses 
uncertainty in terms of integrating irrelevant 
or inconsistent data. The user should be aware 
of aspects of data quality or accuracy related to 
data sources, locations, attributes, and labelled 
themes.

2.5.1 Map design

Maps influence people’s perception of space. This 
influence is based upon conventions and graphics. A 
beautiful map might be more popular than a simple 
one even if the former is less accurate. Maps can be 
presented through the following ways:

SYMBOLSFIGURE 2.13
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 y Generalisation: This is the process of reducing 
the amount of information on a map in a 
meaningful way. Generally, large-scale maps 
contain more detailed information than small-
scale ones. In cartographic terms, the reason 
behind simplifying the information is for easier 
understanding. But while generalising a map by 
reducing its scale, the essence of the contents 
should be retained, along with the maintenance 
of geometry, attribute, accuracy, and quality.

 y Graphic variables: These involve using correct 
symbols and appropriate shape, size, texture, 
orientation, value, and colour (Figure 2.13). A 
map consists of different symbols and texts that 
are used to present some part of reality and to 
describe objects. Knowledge about symbols and 
their perpetual characteristics help in selecting 
the variables that can fulfil the data or the 
objective of the map. For example, figurative 
symbols or icons may be used in city plans and 
tourist maps. 

 y Colour: Colour perception has psychological, 
physiological, and conventional aspects to it. In 
maps, colour differences are used to represent 
deviation, gradation, and categorisation of an 
area. In small areas, it is difficult to perceive 
colour and sometimes there is greater contrast 
between some colours. Many of the colours used 
in maps are related to an object or feature. For 
instance, water is usually depicted in blue.

 y  Data analysis and classification: Data must 
be analysed before mapping in order to 
accurately represent the information. Data 
include qualitative (roads, rivers, districts) and 
quantitative (elevation, temperature) types; 
these are briefly discussed in section 2.2.2. 
The representation of these depends on the 
measurement scale of the data, such as nominal 
(name), ordinal (rank), interval, and ratio scales. 
Besides, the grouping of data can be done based 
on different statistical measures – for example, 
natural breaks, round numbers, mean, standard 
deviation, and quantile.

2.5.2 Mapping methods

The standard ways of applying symbols are based 
on the measurement scale and the nature of the 
distribution of objects. A few map types are briefly 
discussed below:

 y Chorochromatic maps: This method produces 
nominal values for areas with different colours 

(in Greek, choros = area, chroma = colour). So, 
the representation of features such as district, 
soil type, or vegetation, is depicted with nominal 
values (Figure 2.14a).

 y Choropleth maps: This method renders the 
values (intensity) of the phenomenon with 
different colours (in Greek, choros = area, plethos 
= values). The difference in colour depicts the 
difference in phenomenon (Figure 2.14b).

 y Isoline maps: These are based on the assumption 
of continuous distribution of a phenomenon 
with smoothly changing values in all directions 
of a plane. Isolines connect the points with an 
equal value, such as in the case of equal amount 
of precipitation. These depict a phenomenon’s 
trends, i.e., whether it is of positive or negative 
intensity (Figure 2.14c).

 y Proportional maps: In such maps, discrete 
absolute values for points or areas are 
represented by proportional symbols of different 
sizes for value comparison (Figure 2.14d).

 y Diagram maps: In these maps, the 
representation of any event is depicted by 
diagrams (line, bar, histogram, pie). This allows 
for comparisons between figures and also helps 
in visualising the trends (Figure 2.14e).

 y  Dot density maps: These maps are an effective 
medium to display density differences in 
geographic distribution; they are also a special 
case of proportional maps (Figure 2.14f). They 
can be displayed in two ways: one-to-one dot 
density maps (one dot represents one object or 
count); and one-to-many dot density maps (one 
dot stands for a number of things or a value such 
as 1 dot = 1,000 number of population).

 y Flowline maps: These are thematic maps that 
use arrows to show the movement of an object 
between different areas. Such maps define routes 
and directions, and the volume is represented by 
the thickness of the arrow (Figure 2.14g).

 y Statistical surface maps: These are three-
dimensional representations of any qualitative 
data, such as those related to DEM (Figure 2.14h).

2.6 Map production
Map production is the process of organising 
different map elements on a paper so that the 
average person may understand it even without 
many words. Maps are usually produced for 
presentations and reports so that the audience or 
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DIFFERENT TYPES OF MAPS FOR BAGMATI PROVINCE: A) CHOROCHROMATIC; B) CHOROPLETH; C) ISOLINE;  
D) PROPORTIONAL; E) DIAGRAM; F) DOT DENSITY; G) FLOWLINE; AND H) SURFACE MAPSFIGURE 2.14
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readers can interpret and understand the context 
and depiction without having any professional 
background in GIS (Figure 2.15). A standard 
map must be effective in communicating spatial 
information, including common components such 
as title, map body, legend, north arrow, scale bar, 
and map border. Besides, other components such as 
graticules, the map projection/coordinate reference 
system, and acknowledgements may be added to 
it. These components help the reader interpret the 
information shown on the map.
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SECTION   III

Introduction to remote sensing

3.1 Concepts of remote sensing
The science of remote sensing (RS) involves the 
collection and interpretation of data about targets 
(things or places) without being in physical contact 
with them. It detects and measures target attributes 
using electromagnetic radiation (EMR) in the form 
of radio waves, light, and heat. RS collects data 
about the Earth from afar, generally from planes 
or satellites (Figure 3.1). It allows researchers to 
instantly view and gather data from any location 
on the Earth’s surface, making it easier to analyse, 
map, and monitor at local, regional, and global 
scales. It is a valuable source of data for GIS since 
it is less expensive and provides higher geographic 
coverage than ground sampling.

3.1.1 Components of remote sensing

 y Energy source: An energy source illuminates 
or provides electromagnetic energy to the 
target. Based on the energy source, two types 
of sensors are classified: passive (which uses 
the sun’s illumination); and active (which uses 
artificially generated energy, e.g., the synthetic 
aperture radar – SAR).

 y Platform: It is the vehicle that carries the 
sensor; it could be a balloon, aircraft, space 
shuttle, satellite, or an international space 
station.

 y Sensor: A device that receives EMR and 
converts it into a signal which can be recorded 
and displayed as either numerical data or as an 
image (through camera, scanner, radar, etc.). 

 y Processing: This involves the handling of the 
remotely sensed signal data – photographic, 
digital, etc.

 y Institutionalisation: The role of an organisation 
in execution at all stages of the remote sensing 
technology.

3.1.2 Workflow principles of remote sensing

The RS process involves an interaction between 
incident radiation and the targets of interest 
(Lillesand et al. 2015); this follows several steps 
(Figure 3.2) as briefly mentioned below:

A) Energy source or illumination: The first 
need for a remote sensor is the presence of 
an energy source that illuminates or supplies 
electromagnetic energy to the target item. 
Remote sensing type is often categorised based 
on the energy source used in data acquisition, 
i.e., passive or active. 

SATELLITE REMOTE SENSINGFIGURE 3.1
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B) Radiation and the atmosphere: As energy travels 
from its source to the target, it will encounter and 
interact with the atmosphere it passes through. 
This interaction may take place a second time as 
the energy travels from the target to the sensor. 

C) Interaction with the target: When energy passes 
through the atmosphere and reaches the target, it 
interacts with the target based on the properties 
of both the target and the radiation.

D) Energy recording by the sensor: After the 
energy has been scattered by or emitted from the 
target, a remote sensor collects and records the 
electromagnetic radiation.

E) Transmission, reception, and processing: The 
energy recorded by the sensor is transmitted, 
often in electronic form, to a receiving and 
processing station where the data are processed 
into a digital image.

F) Interpretation and analysis: The processed 
images are interpreted, visually and/or digitally 
or electronically, to extract information about the 
target which had been illuminated.

G) Application: Each object possesses unique and 
different characteristics of reflection or emission 
if the type of object or the environmental 
condition is different. Finally, the information 
extracted from the imagery of the target is 
applied to better understand, reveal new 
information, or assist in solving a particular 
problem in the decision-making process of an 
institution.

3.2 Electromagnetic radiation
The energy that comes from the sun is in the form 
of electromagnetic (EM) radiation. EM radiation 
(Figure 3.3) consists of an electrical field (E) and 
a magnetic field (M); while the former varies in 
magnitude in a direction perpendicular to the 
direction in which the radiation is travelling, the 
latter is oriented at right angles to the electrical 
field (Figure 3.3). Both fields travel at the speed 
of light (C) which is around 300,000 km/s. For RS, 
two features of electromagnetic radiation are 
significant: wavelength (λ); and frequency (f).  

Wavelength (λ) is the length of one wave cycle 
and can be measured as the distance (in m, cm, 
mm, µm, and nm) between successive wave 
crests. Frequency (f) refers to the number of 
cycles of a wave passing a fixed point per unit 
of time and is normally measured in hertz (Hz), 
equivalent to one cycle per second, and various 
multiples of hertz. Wavelength and frequency are 
inversely related to each other. The shorter the 
wavelength, the higher the frequency, and vice 
versa (Tempfli et al. 2009). Since the speed of light 
is constant, the relationship between wavelength 
and frequency is: 

C= λ× f                                                               (1)

where C is the speed of light, λ is wavelength, and 
f is the frequency

DIFFERENT STAGES OF THE REMOTE SENSING PROCESSFIGURE 3.2
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different wavelengths of the EMR is termed as the 
“spectral reflectance curve” (Figure 3.5). Snow 
is a notable example, with a very high albedo 
(over 90 per cent) in the visible spectrum, but a 
substantially reduced albedo (above 1.40 m) in the 
near-infrared (NIR) band  due to water absorption. 

Our colour perception is also influenced by the 
selective reflection of different objects. A green 
leaf reflects the most in the visible wavelength 
band’s green component and absorbs in the blue 
and red regions. Similarly, a red object reflects 
more energy in the red portion of the visible 
spectrum and less in other portions. Although 
the perceived colour of light in the wavelengths 
from 400 to 700 nm progresses from blue to red 
(Figure 3.4) through all the colours of the rainbow, 
for convenience, the range is classified as blue 
(400–500 nm), green (500–600 nm), and red (600–
700 nm) bands. A high reflectance from water 
can be observed in the blue region of the visible 
range (Figure 3.5) whereas it is just the opposite in 
the near-infrared region. Similarly, data from the 
mid-infrared band, which is significantly absorbed 
by water, may be used to distinguish snow and 
ice from clouds. Snow and ice have a lower mid-
infrared reflectivity than clouds due to their higher 
water content. 

In general, the environmental mapping 
applications include the understanding of 
vegetation (species, cover, status, etc.), soils and 
geology (type of geological structure, soil type, 
etc.), and water (availability, quality, etc.). Knowing 
the basic characteristics of these features at 
different wavelength regions helps the interpreter 
in mapping.

3.2.1 Electromagnetic spectrum (EMS)

The total range of the wavelengths of EM 
radiation is called the “EM spectrum”. RS uses a 
wide spectrum of electromagnetic wavelengths 
ranging from very short gamma rays to very 
long radio waves. Each of the named portions 
represents a range of wavelengths and is of 
different relevance to Earth observation (Figure 
3.4). The EMR regions used in RS are near UV 
(0.3–0.4 µm), visible light (0.4–0.7 µm), near-, mid-
, and far-infrared (0.7–100 µm), and microwave (1 
mm–1 m).

3.3 Spectral properties of objects 
On the Earth’s surface, incident EM radiation is 
either absorbed or reflected. The wavelength of 
the incoming radiation and the characteristics 
of the surface features (molecule composition) 
determine whether the radiation is reflected 
or absorbed. The ratio of the incident radiation 
that is reflected to the total incident radiation is 
known as “spectral reflectance” or “albedo” and 
may vary from 0 to 100 per cent. The reflected 
radiation by the features on the Earth’s surface 
over a number of wavelengths gives their 
spectral responses. Each type of feature/object 
has a distinct spectrum response/reflectance 
characteristic, also known as a “spectral 
signature”, which may be used to identify and 
investigate the qualities of the relevant surface 
feature (Lillesand and Kiefer 2000). For the 
same object, the spectral signature changes 
between wavelength bands, and the graphical 
representation of these spectral responses over 

ELECTROMAGNETIC RADIATION, WAVELENGTH, AND FREQUENCYFIGURE 3.3

Adapted from Macdonald, H. (2004)
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The energy source used in visible and reflective 
infrared remote sensing is the sun. 

3.4.3 Platform 

The vehicles on which RS devices are mounted 
are referred to as “platforms”. These platforms 
determine several attributes, including the distance 
of the sensor from the object, the periodicity and 
time of the image acquisition, and the location and 
extent of coverage that dictates the use of the sensor. 
Broadly, three categories of platforms are available: 

 y Ground-based (handheld devices, tripods, 
towers, cranes) 

 y Airborne (aircraft, helicopter, balloon, drone) 
 y Spaceborne (satellite) 

3.5 Characteristics of remotely 
sensed imagery

Remote sensing imagery differs in the level of detail 
or resolution that they can capture, and data is 
available at distinct – spatial, spectral, radiometric, 
and temporal – resolutions. These resolutions allow 
for the extraction of relevant information about 
diverse terrain conditions. In general, “resolution” 
refers to a remote sensing system’s capacity to 
render a sharply defined image through lens, 
antennae, display, exposure, processing, and other 
elements.

The resolutions are defined below briefly.

3.4 Types of remote sensing
Broadly, RS can be divided into three categories 
based on the following parameters:

3.4.1 Energy source 

The prime requirement for RS is to have an energy 
source to illuminate the target. Based on the energy 
source, two categories can be identified:

 y Active RS: This uses an artificial source for 
energy wherein the satellite itself can send a 
pulse of energy to interact with the target. In 
active remote sensing, humans control the 
nature (wavelength, power, duration) of the 
source energy and this can be carried out during 
day and night and under all weather conditions; 
e.g., through radar and LiDAR (Figure 3.6a). 

 y Passive RS: This depends on a natural source 
(the sun) to provide energy. The satellite sensor 
mostly records the radiation reflected off the 
target. An example of this is remote sensing in 
the visible range of the EMR (Figure 3.6b).

3.4.2 Wavelength regions 

Based on the wavelength regions, there are three 
types of RS: 

 y Visible and reflective infrared remote sensing 
 y Thermal infrared or emitted remote sensing 
 y Microwave remote sensing 

TYPES OF REMOTE SENSING BASED ON THE ENERGY SOURCEFIGURE 3.6
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3.5.1 Spatial resolution 

Spatial resolution is referred to as ‘pixel size’ in 
digital imagery and is the sensor’s ability to define 
the extent or shape of features sharply and clearly 
within an image. The sensor's resolution is mostly 
determined by the sensor's instantaneous field of 
view (IFOV) which is the (nominal) angle over which 
the device records EMR reflected/emitted from the 
Earth's surface at a particular time. The IFOV and the 
sensor's height above the ground regulate the area 
on the Earth's surface to which this corresponds, 
known as the ground resolution element (GRE) 
(Figure 3.7). For high spatial resolutions, the sensor 
must have a small IFOV. The spatial resolution is 
often characterized as low or coarse, medium, or 
moderate, fine, or high, and extremely high. These 
descriptors indicate the degree to which a satellite 
sensor can discern a surface feature or surface 
detail. Objects smaller than the spatial resolution of 
a sensor cannot be distinguished, hence the smaller 
the resolution's dimensions, the more detail one 
can perceive or 'resolve' in an image, and thus the 
'higher' or 'finer' the resolution. 'Low' or 'coarse' 
spatial resolution refers to a sensor's smallest region 
being relatively big, implying less detail is captured 
(Figures 3.8 and 3.9).

3.5.2 Spectral resolution 

Section 3.3 briefs about the spectral responses 
and spectral profile curve of the Earth’s feature 
characterizing the reflectance of an object over a 
variety of wavelengths. The spectral resolution is 
specified as the number and width of the spectral 
band that demonstrates the degree to which the 
spectral response of a sensor is differentiated. 
The higher the spectral resolution of a sensor, the 
narrower is the wavelength range for a specific 
band and therefore, the more band numbers here 
are. Some sensors have wavelength bands that 
cover a vast range of the EM spectrum, while some 
sensor’s wavelength bands cover relatively narrow 
portions of the EM spectrum. The ability to define 
spectral signatures in narrow portions of the EMR 
allows for higher details and a more precise spectral 
signature for discrete objects and thus, higher 
spectral resolution. For example, Landsat 7 gives 
data in eight spectral bands, but Landsat 8 delivers 
data in eleven bands (Figure 3.10). The broad 
classes i.e., water, vegetation, and bare soil may be 
discernible with the broad wavelength bands but 
the identification of different types of species of 
vegetation, soil types etc. would be more discernible 
with the narrow wavelength bands (higher spectral 

resolution) to separate the feature more distinctly. 
For example, advanced multi-spectral sensors also 
called hyperspectral sensors (MODIS, Hyperion 
etc.), detect hundreds of very narrow spectral bands 
throughout the visible, near-infrared, and mid-
infrared portions of the EM spectrum. 

3.5.3 Radiometric resolution

Radiometric resolution is the capability of a sensor 
to discriminate between two objects by specifying 
how well the differences in brightness in an image 
can be perceived; this is measured by the number of 
grey value levels. It defines the number of quantized 
bits that are used for recording the reflected 
electromagnetic energy. It also determines the 
number of discrete levels into which signals may 
be divided. The information contained in a digital 
image is expressed in bits (binary digits) per pixel, 
per channel. A bit is a binary number that is usually 
0 or 1. For computer processing, the byte unit 
(1 byte = 8 bits; integer value 0–255; 256 grey levels) 
is much more convenient (Figure 3.11). Therefore, 
the remote sensing data is treated as one- or two-

RELATIONSHIP BETWEEN GRE AND IFOVFIGURE 3.7

GRE = IFOV x H
Where IFOV is measured in radians
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COMPARISON OF LANDSAT 7 AND 8 BANDS WITH SENTINEL-2FIGURE 3.10

IMPACT OF SPATIAL RESOLUTIONFIGURE 3.8
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byte data. Below are a few examples of radiometric 
resolution depending on the wavelengths and the 
type of sensor:

 y Landsat-MSS (from Landsat 1–3): 6 bits (64 grey 
values)

 y Landsat-TM (from Landsat 4–5) and SPOT-HRV: 
8 bits (256 grey values)

 y Landsat-ETM and ETM+ (from Landsat 6–7):  
9 bits (only 8 bits are transmitted)

 y IKONOS and QuickBird: 11 bits

3.5.4 Temporal resolution

Temporal resolution is the repetitive coverage of a 
ground area by a satellite. There are certain times 
when a landscape’s physical and cultural elements 
are best noticed; these ideal times may be seasonal, 
monthly, yearly, or decadal. Thus, the time interval 
at which remotely sensed data is gathered becomes 
an essential component in some applications. For 
example, to monitor crop growth, images should be 
obtained at predetermined time intervals within a 
year. However, to monitor urban growth patterns, 
the imagery acquired yearly or more may be more 
appropriate (Figure 3.12).

RADIOMETRIC RESOLUTIONFIGURE 3.11

Source: NASA Earth Observatory. https://www.earthdata.nasa.gov/learn/backgrounders/remote-sensing
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3.6 Spectral regions used in remote 
Earth observation

Over three decades of multispectral remote sensing 
research has revealed many useful applications that 
have now become commonplace. Moreover, fresh 
developments continue to enhance this technology. 
With experience, the choice of sensor bands has also 
become more consistent. The major spectral regions 
used in RS are briefly described in Table 3.1.

3.7 The colour representation in 
digital images 

The human eye is more sensitive to colours 
other than grey levels. Therefore, the colour 
representation in images for visual analysis becomes 

SPECTRAL REGIONS USED IN REMOTE SENSINGTABLE 3.1

very important. Typically, a sensor records several 
distinct regions of a spectrum simultaneously, 
resulting in multi-images obtained at the same 
time. The scanned regions of a spectrum are called 
“bands”. While a single band image shows features 
in various grey tones, several images are combined 
to form a colour composite. A true colour composite 
is formed by combining the red, green, and blue 
portions of the visible region of the EM spectrum. 
The satellite image colour is perceived as similar 
to what the human eyes would see, i.e., vegetation 
in green, water in blue, soil in brown or grey, etc. 
(Figure 3.13a). Other band combinations form a 
false colour composite (FCC) (Figure 3.13b–c). An 
FCC generally enhances certain features on an 
image, features which might not be as apparent 
in a true colour composite (Lillesand et al. 2015). 

Spectral region Range Characteristic and use

Visible blue band 0.4–0.54 µm • Allows the most penetration through the water
• Susceptible to scattering and absorption

• Used for evaluating water quality, mapping coastal zones, analyzing water properties and 
water depth and detecting subsurface structures

Visible green band 0.52–0.60 µm • Allows for moderate water penetration and is less impacted by air scattering and 
absorption

• Important for identifying and assessing vegetation strength
• Useful in analyzing cultural characteristics and urban infrastructure

Visible red band 0.52–0.60 µm • Least impacted by air scattering and absorption
• Useful for distinguishing vegetation types, measuring plant health, recognizing cultural 

traits, and determining soil and geologic boundaries

Panchromatic band 0.50–0.90 µm • Refers to sensitivity to a broad range of wavelengthsSpatial resolution is often higher and 
can be used in image fusion

Near-infrared band 0.7–1.0 µm • Useful in distinguishing and assessing vegetation types and vegetation conditions

Shortwave infrared band 1.0–3.0 µm • Useful for analyzing moisture levels in soil and for monitoring plant vigour and crop 
conditions

Medium and long-wave 
infrared

3.0 -8-14 µm • Together make up the thermal infrared band
• Useful to assess temperature via object’s emissivity

Spectral region Range Characteristic and use

Microwave region 0.1–100 cm • Useful in assessing vegetation, forests, floods etc.
• Longer wavelengths can penetrate the cloud cover

DISPLAY OF COLOUR COMPOSITES: A) TRUE; B) STANDARD FCC; AND C) FCCFIGURE 3.13

Source: Sentinel 2
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The combination of green, red, and infrared bands 
represent the standard FCC (Figure 3.13b) where 
vegetation, water, and settlement appear in red, 
black, and cyan respectively. 

3.8 Applications of Earth 
observation

In a nutshell, some of the applications of EO are in 
the areas of:

 y Water resources 

 y Weather and climate services 

 y Agriculture and food security

 y Land use, land cover, and ecosystems

 y Disaster monitoring, emergency response, and 
management 

 y Topographic mapping

 y Forest monitoring

 y Measuring the motion of the Earth’s surface 
to understand earthquakes and volcanoes and 
support emergency management efforts

 y Studying the movements and changing sizes of 
glaciers and icecaps to explain long-term climate 
variability.

 y Assessing geology, geophysical structure, and 
terrain for the likelihood of finding oil, gas or 
other natural resources.

 y Monitoring oil spills, etc. (Fingas and Brown 
2017)
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SECTION   IV

Flood and basic concepts  
of hydrology

The HKH is one of the most vulnerable flood-
prone regions (Tsering et al. 2022). With clear 
evidence of climate change, the region is now 
facing even more intense and frequent flood 
events. These recurring floods during the pre-
monsoon and monsoon seasons always result in 
loss of lives, damage to properties, and hamper 
livelihoods. Due to its geography, population size, 
and socioeconomic condition, Nepal is more 
vulnerable to floods compared to other countries in 
the HKH region (Tsering et al. 2021). There, limited 
human resources and the sudden nature of flash 
floods provide little or no time for preparation and 
evacuation. Therefore, a flood early warning system 
with ample lead time is necessary for effective flood 
management.

This chapter deals with the concept of flood, some 
of the basics of hydrology and the hydrological 
cycle, and flood management approaches. 

4.1 Floods, their causes and impact
Flooding is a natural and recurring event in a river 
or a stream. Floods are an overflow of water that 
submerges usually dry land. The dry land near 
a river or a stream are called “flood plains” and 
are vulnerable to recurring floods. Floods can 
occur as a consequence of water overflow from 
the boundaries of waterbodies like rivers, lakes, 
oceans, and reservoirs or as a result of rainwater 
accumulation on saturated ground. Floods of a 
certain magnitude usually occur periodically. 
Statistically, in every 2.33 years, discharge in the 
streams will be equal or more than its mean annual 
flow (Leopold et al. 2020). The return period is an 
average time or an estimated average time between 
floods. The calculation of the return period 
provides an estimated time interval between events 
of a similar size or intensity. Floods are a significant 
discipline of hydrology with implications for civil 
engineering, agriculture, health, and disaster 
management. 

Floods can be categorised as follows: 

 y River flood: River floods are floods that occur 
by a gradual increase in water level in the 
river. Riverbank overflows are usually caused 
by intense rainfall over an extended period. 
Although river floods rarely result in loss of lives, 
they can cause immense economic damage. 

 y Flash flood: Flash floods occur due to fast-
moving water. They are caused by heavy rainfall 
or rapid snowmelt. They impact relatively 
smaller areas with little or no notice, generally 
within six hours. These types of floods are 
responsible for high loss of lives and economic 
damage in Nepal. 

 y Inland flood: Inland floods occur in low-
lying areas as a result of heavy rainfall or 
rapid snowmelt. They occur when the soil is 
saturated, affecting the infiltration rate, or when 
the drainage system fails in the case of urban 
scenarios. Although the flooding may only be up 
to a few inches, it can cause significant structural 
and agricultural damages. 

 y Coastal floods: Floods are common in coastal 
areas due to strong winds or storms that move 
towards the coast during high tide. They can also 
occur during tsunamis or tropical cyclones. The 
areas with lower elevations are mostly affected. 

Floods may be natural on non-natural and can be 
further categorised as follows:

 y Natural flood

 – Intense/continuous rainfall

 – Rapid snowmelt

 – Glacial lake outburst

 – Landslide 

 – Dam break
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 y Non-natural

 – Dam break

 – Unmanaged settlement (congested drainage 
system, encroachment of riverbanks)

 – Deforestation/LULC change – infiltration rate/
increased runoff

 – Deposition in the riverbed (sand or other 
debris)

The most immediate effects of a flood are in the 
form of loss of life and destruction of properties and 
livelihood. Floods destroy farms and crops, and a 
prolonged flood can prevent plantation activities, 
resulting in food shortages. A continuous flood 
can harm the root system of some tree species 
and destroy the forest ecosystem. Floods can also 
damage power transmission and water supply 
systems. Flash floods of intense velocity can damage 
infrastructures like bridges, buildings, sewerage 
systems, and canals. 

4.2 Hydrology and hydrological 
cycle

 
Hydrology is a combination of two Greek words, 
hydro meaning “water” and logy meaning “study”. 
Hence, the term “hydrology” stands for the study of 
water. In general, hydrology is a science that deals 
with the occurrence, circulation, and distribution 
of water on Earth. This section focuses on the 
precipitation and streamflow components of the 
hydrological cycle.
The hydrological cycle, also known as the “water 
cycle”, is the continuous movement of water in its 
different phases within the Earth and its atmosphere 
(Figure 4.1). It is a complex process that involves 
several processes occurring simultaneously. 
The hydrological cycle follows the principle of 
conservation of mass, i.e., the same amount of 
water exists on Earth at any given time. However, 
it changes its phases between gaseous, liquid, and 
solid states.

The different components of the hydrological cycle 
are condensation, precipitation, infiltration, runoff, 
and evapotranspiration. These components can be 
divided into two phases: 

HYDROLOGICAL CYCLEFIGURE 4.1
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 y The atmosphere phase describes the 
movement of water vapour in the atmosphere – 
condensation and precipitation 

 y The terrestrial phase occurs on the Earth’s 
surface – as infiltration, runoff, and 
evapotranspiration 

4.3 Precipitation
Precipitation refers to any type of condensation of 
water vapour from the atmosphere that falls due to 
the force of gravity. It occurs when a portion of the 
atmosphere becomes saturated with water vapour, 
meaning the relative humidity reaches 100 per cent. 
Precipitation can be divided into rain, snow, hail, 
and fog depending on the form of the droplets. If the 
liquid droplets have a size greater than 0.5 mm, it is 
classified as “rain”, whereas if they are less than 0.5 
mm, it is called “drizzle”. Snow is in a tiny ice crystal 
form, whereas large balls of ice are considered hail. 

Some of the precipitation from the atmosphere is 
caught by vegetation (tree canopy) or a manmade 
structure (buildings); this process is called 

CONVECTIONAL RAINFALLFIGURE 4.2
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“interception”. Some portion evaporates back and 
never reaches the ground surface. The remaining 
precipitation that reaches the soil is referred to as 
the “net precipitation”. The net precipitation gets 
further divided into other processes like infiltration, 
percolation, surface runoff, subsurface runoff, and 
transpiration, while some get stored as groundwater, 
soil moisture, depression, or as snow and glacier. 
Some of this stored water eventually gets released 
back to the surface and evaporate to continue the 
cycle. 

4.3.1 Types of rainfall

 y Convectional rainfall: This rainfall is caused as 
a result of warm, humid air rising up and then 
cooling to form water droplets. This type of 
rainfall is common during the summer and in 
equatorial countries. The sun heats the Earth’s 
surface which then heats the air above it. The hot 
air becomes light and rises, where it expands and 
forms a cloud. When the clouds are saturated, it 
begins to fall as water droplets (Figure 4.2). These 
events are very intense, of a short duration, and 
have a wide area of distribution. 



34  TRAINING MANUAL

 y Orographic rainfall: This rainfall is caused due 
to warmer air being stopped by a topographic 
barrier. The moist wind blows from the sea and 
gets obstructed by high mountains (Figure 4.3). 
The moisture cannot move further, so it rises 
upwards to form clouds. The clouds once 
saturated begin to precipitate. Only the side 
facing the sea receives the rain, which is known 
as the “windward side” or the “windward slope”; 
whereas the side that is deprived of the rain 
is called the “leeward side” or the “windward 
slope”. This phenomenon is responsible for most 
of the precipitation in mountainous countries 
near the sea like Nepal.

 y Cyclonic rainfall: This occurs as a result of the 
convergence of different air masses of different 
temperatures and humidity. This type of rainfall 
is common in areas where the warm oceanic air 
meets the cold continental air. When tropical 
warm air comes in contact with a cold air mass, 
the less dense, lighter warm air is forced to rise 
over the cold air (Figure 4.4). This causes the 
warm air to cool down and form clouds, and 
once saturated, it falls as precipitation. This type 
of rain falls gradually for a few hours to a few 
days. 

4.3.2 Measurement of rainfall

Rainfall is the principal source of water and is 
measured in terms of depth (expressed in mm) for 
any given period. There are different methods to 

measure rainfall, including the use of rain gauge to 
calculate the rainfall amount at the ground level, 
and radars and satellites due to their high-ground 
coverage. 

 y In situ method: A rain gauge consists of a 
cylindrical vessel with an opening on top to 
collect the rain. The rain collected is then 
measured at different intervals (every 15 
minutes, 30 minutes, 1 hour, 1 day). Rain 
gauges can be categorised into recording and 
non-recording rain gauges. Some examples 
of recording rain gauges are tipping buckets, 
weighing buckets, and natural syphon type. A 
schematic diagram of a manual rain gauge is 
shown in Figure 4.5.

 y Weather radar: A weather radar can produce 
detailed information about a precipitation event 
for large areas from a single location in real 
time. The radar system has an antenna that 
sends electromagnetic energy which reflects 
off an obstacle (e.g., water droplets) and returns 
(Figure 4.6).  The returning electromagnetic 
energy depends on the size of the raindrop. The 
energy returned is then used to differentiate the 
form of precipitation as rain or snow and used to 
measure its amount. 

 y Satellite: Earth observation satellites can provide 
a continuous estimation of precipitation on a 
global scale. Various types of instruments are 
designed and fitted on the satellite to observe 
temperature and precipitation. The sensor in 

OROGRAPHIC RAINFALLFIGURE 4.3
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the satellite captures the electromagnetic 
energy that is emitted from clouds and rain 
droplets (Figure 4.7). They can also observe the 
precipitation structures in three dimensions. 
This also allows for distinguishing between 
the types of precipitation – rain, snow, or 
other kinds. The satellite can also provide 
information on the structure, intensity, and 
dynamics of storms.

WEATHER RADARFIGURE 4.6
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ADVANTAGES OF SATELLITE-BASED PRECIPITATION 
MEASUREMENT

 y Covers a larger geographical area – mountains, 
oceans

 y Unlike rain gauges and radars, satellite 
measurement can reach remote areas

 y Continuous and long-term data is available
 y Most of the satellite-based weather data is freely 

available
 y Satellites can provide near-real-time data; 

information is available within a few hours

Ground level
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4.4  Watershed
A watershed or catchment is any land area where 
precipitation collects and drains off to a common 
outlet, such as a river, bay, or other waterbodies 
(Figure 4.8). “Time of concentration” is the term 
used in hydrology to define the period that is needed 
for water to flow from the most remote point in a 
watershed to the watershed outlet. Each watershed 
is a subset of a more complex watershed of a larger 
stream or lake. These larger watersheds might again 
be linked to a larger river network. The largest scale 
of a watershed is called a “basin”. Watershed provides 
a clear geographical and hydrological characteristic 
of an area. 

4.5 Streamflow
Water returns to the Earth’s surface from the 
atmosphere in different forms of precipitation. Some 
part of the precipitation evaporates back, some 
infiltrate into the ground, and some flow downhill 
as surface runoff. The runoff and eventually the 
infiltrated water flow into an open channel like a 
stream or a river. The flow rate of water along a 
designed natural channel is called “streamflow”. 
Surface runoff, interflow, and base flow contribute to 
the total streamflow (Figure 4.9). 

Streamflow is constantly changing every minute and 
is influenced by various factors like precipitation 
amount, temperature, soil moisture, land surface, 
vegetation, and elevation. 

4.5.1 Measurement of streamflow

Streamflow measurement is the measurement of 
the amount of water flowing through a stream over 
a certain period. It is usually expressed in terms 
of cubic metres per second and is also known as 
“discharge”. 

WATERSHEDFIGURE 4.8

SATELLITE-BASED PRECIPITATION MEASUREMENTFIGURE 4.7

To measure streamflow, the channel cross-section 
is divided into small segments as shown in Figure 
4.10. Considering the segments to be vertical 
rectangles, the area of each segment is calculated as 
width x depth. A current meter is used to measure 
the velocity of the stream at each section. The 
streamflow at each segment is then calculated by 
taking the product of segment area and velocity. 
The average streamflow of each segment is used to 
calculate the total streamflow of the channel. 

The streamflow of a channel is also calculated by 
measuring the water level with a measuring stage 
(Figure 4.10a, b). This is possible only in areas 
where there is an established relationship between 
water level and discharge. This relationship curve 
between water level and discharge is called a “rating 
curve” (Figure 4.11). The water level in the channel 
is measured in the field and its corresponding 
discharge value is estimated using the rating curve.

Watershed River network

Outlet

Passive
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FIGURE 4.9 DIFFERENT COMPONENT OF STREAMFLOW

 MEASUREMENT OF STREAMFLOWFIGURE 4.10

MEASURING STAGE IN THE RIVER AND A RATING CURVEFIGURE 4.11
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4.6 Hydrological modelling
A hydrological model is the simplification of 
a real-world hydrological system that aids in 
understanding, predicting, and managing water 
resources. It is the characterisation of real 
hydrological features and systems by the use 
of small-scale physical models, mathematical 
analogues, and computer simulations (Figure 4.12).

A hydrological model simulates a flow or change 
of water storage within one or more components 
of the natural hydrological cycle for a given time 
frame. The hydrological processes are represented 
by mathematical formulas and are integrated into 
computer modelling. Hydrological models are 
extremely important for simulating and estimating 
the impact of change in watersheds. For example, 
to know how streamflow changes in response 
to changes in rainfall or land use. It provides a 
snapshot of the future, based on the changes 

expected to occur. The use of hydrological models to 
predict floods is increasing. 

4.6.1 Advantages of a hydrological model

 y Provides an understanding of the characteristics 
of a basin

 y Estimates different components of the 
hydrological cycle, including river discharge, and 
groundwater 

 y Able to establish rainfall–discharge relationship

 y Able to fill missing data and calculate trends over 
a long period

 y Provides the discharge in an ungauged river 

 y Undertakes scenario for forecasting

 y Assists in planning and managing water resources

HYDROLOGICAL MODELFIGURE 4.12
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occasional hail
 y Storms are more frequent in the hilly regions 

compared to the Terai

c)  Summer or monsoon

 y Occurs in June–September
 y About 80 per cent of the annual precipitation 

falls during this period
 y July is the wettest month 
 y Rain originates from the eastern part – from 

the Bay of Bengal 
 y Rainfall occurs mostly in the evening and 

night 
 y Floods and landslides are common during 

this period

d)  Autumn or post-monsoon

 y Occurs in October–November
 y Less rainfall 
 y November is the driest month

4.8 Flood management 
Prevention and precautionary measures are 
necessary to avoid the adverse impact of floods. 
Flood management refers to the methods used to 
reduce or prevent the damaging effect of floods. 
Some of the common techniques of flood control 

4.7 Floods in Nepal
Nepal is not at all a stranger to floods. Seasonal 
riverine and flash floods are common along its major 
rivers and their tributaries. Every year, devastating 
floods occur at one place or the other across Nepal, 
taking a number of lives, affecting hundreds 
of households, and damaging properties and 
agricultural produce. According to the data from EM-
DAT, 48 major flood events occurred in the country 
between 1981 and 2021, leading to deaths (Figure 
4.13) and over USD 1.3 billion worth of damages. The 
floods of August 2017 were one of the worst in the 
history of Nepal, affecting 1.7 million people in 36 
districts.

Nepal experiences four seasons in a year: 

a)  Winter 

 y Occurs in December–February
 y Usually dry and cold; fog and frost are 

common in the valleys and hilly areas in the 
morning 

 y  A few spells of rainfall, especially in the 
north-west region, which originates from the 
Mediterranean Sea

b)  Spring or pre-monsoon

 y Occurs in March–May
 y Thundershowers are common with 

TOTAL NUMBER OF DEATHS AS A RESULT OF FLOODS IN NEPAL BETWEEN 1981–2021FIGURE 4.13
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are in the form of construction of dikes, reservoirs, 
and dams, installation of rip-raps and sandbags, 
maintenance of slopes with rocks and vegetation, 
and expansion of drainage capacity. Flood 
management practices can be categorised as below:

4.8.1 Structural approach

4.8.1.1 GREY INFRASTRUCTURES

They are engineering structures constructed to 
decrease the probability of flooding. The main idea 
is to stop water from overflowing into vulnerable 
areas or to reduce the kinetic energy of the water. 
River-training structures like embankments, 
dams, weirs, and dikes are some of the widely used 
practices. 

4.8.1.2 GREEN INFRASTRUCTURES 

Green infrastructures employ natural elements like 
vegetation, soil, and natural processes to manage 
flood water. This management strategy aims to 
emulate the natural process of soaking up and 
storing the flood water. In doing so, the amount of 
surface flow reduces, thereby lessening the damages 
exponentially. Some common examples of green 
infrastructure are planting vegetation in riverbanks, 
upstream afforestation, and developing absorbent 
gardens.

4.8.2 Non-structural approach

4.8.2.1 FLOOD-RISK PREVENTION

The main aim of this approach is to decrease 
the consequences of flooding by decreasing the 
exposure of people to it; this is done by discouraging 
settlement and development in flood-risk areas. 
Such areas are mapped to segregate flood and non-
flood zones in order to avoid development activities 
in the flood zone. The main strategy is to keep 
people away from floods by allowing construction 
only outside the flood-prone area.

4.8.2.2 FLOOD FORECASTING AND EARLY WARNING 
SYSTEM

This preventive measure aims to decrease the 
consequences of floods by developing warning 
systems. Flood forecasting is based on a scientific 
understanding of atmospheric conditions and 
watershed characteristics. A flood forecasting 
system generally includes at least three components: 
a model to predict the sources or drivers of the flood, 
such as a weather phenomenon; a hydrological or 

a hydrodynamic model to represent and simulate 
the catchment response; and finally, a window to 
disseminate the forecast. Through this system, the 
probability of a flood is disseminated before the 
event so that there is ample time for evacuation and 
to manage the flood if it occurs. The length of time 
between the probable event and the forecast time is 
known as “lead time”.

4.9 SERVIR-HKH flood forecasting 
tools

ICIMOD’s SERVIR-HKH initiative has developed 
weather and flood forecasting tools to aid 
government agencies and disasters risk responders 
in Nepal. The tools provide rainfall and flash flood 
forecasts up to 54 hours in advance. The tools are 
available online for users to access freely. These tools 
were developed through scientific collaboration 
among ICIMOD, the NASA SERVIR Applied Sciences 
Team (AST) from Brigham Young University (BYU), 
the NASA Marshall Space Flight Center (MSFC), and 
the NASA Jet Propulsion Laboratory (JPL). 

4.9.1 The High-Impact Weather Assessment 
Toolkit

The High-Impact Weather Assessment Toolkit 
(HIWAT) uses a mesoscale numerical weather 
prediction model and the global precipitation 
measurement (GPM) constellation of satellites 
to assess high-impact convective weather events 
over the HKH region. The toolkit includes a suite 
of ensemble model forecasts to constrain the 
uncertainties, and provides a 54-hour forecast 
for improved decision-making. HIWAT provides 
outlooks for rainfall, lightning strikes, hail, and 
supercell weather events. The tool provides a 
forecast for Nepal at the municipality level.  

The HIWAT-based forecast is generated every day at 
13:00 UTC and provides an outlook for the next 54 
hours. HIWAT is a severe-weather ensemble model 
based on the weather research and forecasting 
(WRF) community model with a 12-km outer 
and 4-km nested domain positioned over South 
Asia (Figure 4.14). HIWAT has 42 vertical levels 
ranging from the ground to a barometric altitude 
of 20 hPa (Gatlin et al. 2021). HIWAT covers Nepal, 
Bangladesh, Bhutan, and north-east India.   

The larger 12-km domain is primarily used for 
creating initial conditions from the larger global-
scale model to the higher resolution nested grids. 
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Eight different forecasts are generated by HIWAT 
initially through various planetary boundary layers 
and microphysics schemes. The final product is the 
ensemble of the eight members.   

4.9.2 The Flash Flood Prediction Tool

The Flash Flood Prediction Tool (FFPT) provides 
54-hour flash flood forecasts for 12,428 river 
segments in Nepal. The tool provides predicted 
estimates for flash floods from localised extreme 
weather phenomena like convective storms and 
thunderstorms. The FFPT provides predicted 
estimates by routing the HIWAT rainfall predictions 
through the Routing Application for Parallel 
computation of Discharge (RAPID) model (Tsering 
et al. 2022). This tool complements the information 
generated by HIWAT and can be used as part of 
a decision-support system for flood forecasting 
services. It can assist decision-makers and managers 
in providing flood early warnings and response 
decisions during extreme events in small river 
catchments. 

The overall workflow principle of the FFPT is shown 
in Figure 4.15. The FFPT solely depends on the 

MAP OF THE HIWAT DOMAIN (12-KM OUTER AND 4-KM INNER NESTED DOMAIN)FIGURE 4.14

forecasted precipitation. Operating on the simple 
principle of water balance, the tool runs by routing 
the precipitation into the stream segments. The 
HIWAT-based rainfall forecast is generated every day 
at 13:00 UTC and provides an outlook for the next 54 
hours. The nine-member ensemble is created from 
varying planetary boundary layers and microphysics 
schemes that are convection-permitting. The mean 
precipitation of the nine-member run is forced in 
the hydrological model – RAPID – to generate the 
discharge rate for each river segment.  

The river networks are generated using the 
digital elevation model and in consultation with 
the stakeholders concerned. The grid-based 
precipitation is routed through a river network 
by multiplying the associated weight and RAPID 
parameters for each segment. The forecast for 
the rivers is generated every day at 13:00 UTC for 
the next 54 hours. The predictions are displayed 
online on a web-based interface along with 
historical discharge data and information on return 
periods. Users can then access the information via 
the interactive web interface.  

Source: Gatlin et al., 2021
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Hands-on 
exercises

Training resources and sample data for use in the hands-on exercises are available for download from  
https://servir.icimod.org/2022/Training_Resources.zip (file size ~87 MB)
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1.1 Installing QGIS 

 y Click on https://qgis.org/en/site/forusers/download.html or paste the link into your internet browser, such as 
Chrome.

 y A browser window opens with the title Download QGIS for your platform. 

 y Scroll down the page.

 y You will observe the download options of QGIS for various operating systems like Windows, macOS, and 
Linux. 

 y Download the latest version or the most stable version. (Figure H1.1) 

 y Save the QGIS installation file to your desired 
folder.

 y Navigate to your folder where you have downloaded 
the QGIS installation file setup.   

 y Double-click and install QGIS by clicking Next 
(Figure H1.2).

 

HANDS-ON EXERCISE 1 
Vector data exploration and 

visualisation in QGIS

Figure H1.2: Installing QGIS

Figure H1.1:  Downloading QGIS
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1.2 QGIS interface 
Open up QGIS. You will see an interface similar to the one below (Figure H1.3).

The components of the interface are as follows:

1. Main Menu: Offers access and application functionality in a standard pulldown menu layout.

2. Toolbars: Buttons that enable quick access to many of the main menu features and functions. Toolbars are 
movable and can either be docked or floated free. 

3. Browser Panel: This displays a list of the files and folders that are on your computer. To see GIS files, drag 
and drop them into the Layers Panel (Figure H1.3, annotation no. 4).

4. Layers Panel: This displays a list of the data files and map layers that are currently included in your project. 
Layers can be turned off and the drawing order can also be changed. Consider it as a table of contents.

5. Map Display Panel: This displays the GIS layers in the Layers Panel in a geographical manner.

6. Status Bar: This displays the coordinates of the current mouse cursor point, the project’s coordinate 
reference system (CRS), and the current scale of the map display. 

7. Processing Toolbox Panel: This panel allows you to use native and external algorithms within QGIS, thereby 
enhancing the efficiency and effectiveness of your spatial analysis tasks. 

Now to explore the map view:

The map view of QGIS allows for maps to be displayed in 2D. The rendering (symbology, labelling, visibilities, 
etc.) you applied to the loaded layers will be reflected in the map displayed in this window. Additionally, it is 
determined by the layers and the project’s CRS. You can interact with the map view by clicking on it and using 
the various tools shown below (Figure H1.4). 

Figure H1.3:  QGIS interface
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FIGURE H1.4: MAP VIEW TOOLS

The map can be panned, shifting the display to another region using the pan map tool and can also be zoomed 
in and out with the   Zoom In and    Zoom Out tools. Similarly, other tools can be explored as below:

   Zoom Full: Resizes the view to the whole layers’ extent.

  Identify: Returns information on the clicked point of the displayed maps/images. 

  Measurement Line: Measures the distance between points.

  Select Feature: Allows selecting the feature/polygon in the displayed vector data.

  New Print Layout: Allows to create a new map.

1.3 Vector data exploration and visualisation in QGIS
This section briefs about exploring vector data in the QGIS software and about various tools to process and 
analyse the vector data. We will be working on the districts of the Bagmati province of Nepal for this exercise.

1.3.1 Adding vector data

 y To connect to your input data folder (which you are going to analyse in QGIS), go to the Browser Panel and 
navigate to the respective drive and folder.

 y In this case, Training_Resources\Hands_on_1.

 y Double-click on the file name Bagmati_population.shp.

 y You will observe that the vector layer is added in the Layers Panel and is displayed in the map view region 
(Figure H1.5).
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1.3.2 Exploring attribute data

 y Right-click on the added layer, i.e., Bagmati_
population.shp, and click on Open Attribute Table 
(Figure H1.6).

 y An attribute table is visible on the screen with all the 
relevant information.

 y You will observe that there are seven columns with 
information on zone names, district codes, the 
Bagmati province, and the corresponding population 
of its different districts for the years 1981, 1991, 2001, 
and 2011 (Figure H1.7). Note that each row represents 
one entity (in this case, district) and each column 
represents one attribute, or descriptor, of that entity.

 y select one row in the Attribute Table and you will 
observe that the corresponding district is highlighted 
in yellow in the spatial map as shown in Figure H1.7. 

Figure H1.6: Exploring attribute data

Figure H1.5:  QGIS interface with displayed image on map view

Added laer in the layer panel

Vector data added in the Map view 

window
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Similar to the main QGIS interface, you can observe a few tools in the Attribute Table which are used to carry 
out various functions and can be explored below (Figure H1.8).
 

1.3.3 Exploring the properties of the added vector layer

The layer’s Properties menu offers general settings to manage how layer characteristics (symbols, labels, 
and diagrams) appear on the map and how the mouse interacts with them (actions, map tips, form design). 
Additionally, it provides information regarding the layer itself (Figure H1.9). 

 y To access the Properties dialogue, double-click on the layer or right-click and choose Properties from the 
menu (Figure H1.9).

Figure H1.7: The Attribute Table displaying tabular information and a corresponding map showing the districts of Nepal (the selected districts 
are highlighted in blue and yellow in the Attribute Table and on the map, respectively)

Toggle editing mode
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Dock attribute table
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Remove a field from 
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Show/hide fields from the 
attribute table
Update field from many 
features in a row

Enable table formatting
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related to the layer

Save edits Save current modifications Move selected rows to 
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Add a new field to the 
data layer

Reload the table

Add feature Add new geometry less feature

Delete selected features Remove selected feature 
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Cut selected features to 
clipboard
Copy selected features 
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Select features using 
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Select all Select all features in the layer

Invert Selection
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Figure H1.8: Tools to explore, edit and analyse the attribute Table
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 y A Layer Properties window appears displaying various Properties menu sections like Information, Source, 
Symbology, Labels, Masks, and Fields. 

 y The Information tab   is a read-only tab that represents the summarised information and metadata – 
name, source path, geometry, CRS, unit – of the added layer.

 y You may explore the other Properties sections by yourself. 
 

1.3.3.1 EXPLORING SYMBOLOGY PROPERTIES

The Symbology tab  provides a comprehensive tool for visualising and symbolising the GIS raster and vector 
data (Figure H1.10).

 y Click on the Symbology tab.

 y Drop down from the Single symbol 
to Graduated or any other type like 
Categorised.

 y Choose the Value (in this case, 
POP_11) to be displayed on the map.

 y Change the colours by choosing from 
the palette of the Color ramp → and 
click on Apply. Choose the Mode of 
classification. 

 y Choose the number of classes and 
click on Apply.

 y You will observe the changed colour 
of the layer displaying the chosen 
Value, such as the population for the 
year 2011 (Figure H1.11). 

Figure H1.9:  Layer Properties window for GIS data

Figure H1.10: Exploring symbology

Select graduated panel

Select the value to classified

Chose the color Ramp

Change the Mode of the classification
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1.3.3.2 LABELLING VECTOR DATA

 y Right-click on the added Layer → Properties → Labels.

 – Drop down the No labels and select Single labels (Figure H1.12).
 – Choose the Label field, such as the District that you want to display.

 y Change Font, Style, etc. and Apply.

 y You will observe the added labels on the map.

Figure H1.11:  Layer showing the district population (2011) of Bagmati province

Figure H1.12: Layer showing the district population (2011) of Bagmati province with labels (District)
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 1.3.4 Projection in QGIS

QGIS supports approximately 7,000 known CRSs. These standard CRSs are made available in QGIS using the 
underlying “Proj” projection library and are based on those established by the European Petroleum Search 
Group (EPSG) and the Institut Géographique National de France (IGNF). Every new project that is started with 
QGIS uses a global default projection by default. This default CRS is EPSG:4326 (also referred to as “WGS 84”) 
and it uses latitude and longitude as its primary coordinate system. You may change this by changing the 
Settings. 

Why project the layer?

 y To represent the curved surface of the earth on a flat surface.

 y The coordinates are recorded in a linear unit, such as metre. 

 y Easy to understand and for calculations.

To change the projection system of the project you are working on:

 y Click on the EPSG:4326   at the bottom right of QGIS.

 y You will observe various Recently Used Coordinate Reference System and Predefined Coordinate 
Reference System.

 y You may scroll through the tab of the Predefined CRS and select your desired CRS (Figure H1.13) or type 
UTM in the Filter tab.

 y Select WGS 84/UTM zone 45N and Apply.

 y You can observe the changed CRS of the project below in the display window (Figure H1.14).

Be aware that the previous projection change was to change the project (the project in which you are working) 
projection. However, to project the layer data accurately into a given target CRS, the data must either contain 
information about its CRS or we can manually assign the relevant CRS to the layer. 

Figure H1.13: Selecting a project CRS
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To convert the CRS of a layer:

 y Right-click on the layer (in this case, 
Bagmati_population).

 y Click on Export → Save Feature As. 

 y A save Vector Layer As… window 
opens.

 y Under the File name, navigate to your 
desired folder where you want to keep 
the projected layer data by clicking 
on the dots (ellipsis) on the right side 
(Figure H1.15).

 y Give your layer a name (e.g., Bagmati_
Pop_UTM) and select the data format as 
ESRI shapefile (.shp).

 y Select the CRS you want to assign to the 
layer (here, WGS 84/UTM zone 45N).

 y Click on OK.

 y Your new projected layer will be added 
to the layer panel with the changed 
projection. You may observe this 
by reviewing the Information layer 
properties (Figure H1.16).

1.3.5 Using the field calculator 

The    Field Calculator button in the Attribute Table can be used to perform calculations based on the 
existing attribute values or defined functions, such as of calculating the length or the area of the geometry 
features. The results may be written into a new field or used to update an existing one. The Field Calculator 
has an Expression window and an Editor and allows users to select from a group of functions to carry out the 
function; a corresponding description on the right is automatically updated to provide information on the 
selection function.

Figure H1.14: Changing the project CRS in QGIS

Figure H1.15: Converting the CRS of a layer
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1.3.5.1 CALCULATING THE AREA OF 
VECTOR DATA

 y Load Bagmati_Pop_UTM.shp 
(which you created previously).

 y Right-click on the layer and open 
the Attribute Table of the added 
layer. 

 y Click on Toggle editing mode.     

 y Open Field Calculator   to open 
a window.

 y Check to Create a new field.

 y Specify Output field name as Area.

 y Select Output field type as Decimal 
number.

 y Scroll down the groups under 
row_number and drop down the 
Geometry group. 

 y Double-click on the $area and you will observe that the function is added in the Expression window 
(Figure H 1.17).

 y Click on OK.

 y You will observe that the Area field is added in the Attribute Table (Figure H1.18).

 y Click on Toggle editing mode and save the edits.

Please note that since the layer is in UTM, the calculated area unit is in metres. Therefore, similar to the above 
exercise, you may use a Field Calculator to calculate the area in kilometres. However, you will need to use the 
Field group under the row_number.

Figure H1.16:  Layer properties before and after the projection change

Figure H1.17:  Calculating the area of vector data

AfterBefore
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1.3.6 Joining attributes

The Joins property of the layer allows for linking features from one vector layer to features from another loaded 
vector layer (or table). The joins is based on a shared property between the levels. The layers might be geometry-
less (tables) or might not be, but they must have the same joins property. Therefore, a common ID must be there 
in both the layers/tables to join the attributes.  

To create a joins:

 y Add the vector or table data whose attribute you wanted to join/add to the already added layer (here, 
Bagmati_Pop_UTM.shp). 

 y Here, we will add a table (.csv) having climate information, such as on rainfall and temperature, as well as the 
Human Influence Index (HII) data for each district of Nepal). 

 y To connect to your input data folder, go to the Browser Panel and 
navigate to the respective drive and folder (in this case, Training_
Resources\Hands_on_1).

 y Double-click on the Clim_HII.csv file (Figure H1.19).

 y You will observe that the table is added in the Layers Panel.

 y Right-click on the layer (Bagmati_Pop_UTM.shp) to which you want to 
add the additional attributes and open Properties.

 y Select the     Joins properties of the layer. 

 y Click on the   Add new join option (Figure H1.20a). The Add Vector 
Join window appears (Figure H1.20b). 

 y Select the Join layer (in this case, Clim_HII) that you want to connect 
with the target vector layer.

Figure H1.18: Area field added to the Attribute Table using Field Calculator

Added new filed

Figure H1.19: Adding .csv file
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 y Specify the Join field (here, District) and the Target field (here, District) that have common IDs to both the 
Join layer and the Target layer.

 y Check the Custom field_name prefix and remove the prefix (Figure H1.20b).

*Note: If you do not check the Custom field_name prefix, it will be retained as a prefix in the 
output joined field.

 y Press OK and a summary of the selected parameters are added to the Join panel.

 y You will observe that the information of the table is joined to the Attribute Table of the vector layer 
(Figure H1.21).

 y To save the joined information of the layer, you need to export the data with a new name.

 y Right-click on the Target layer (which has the joined attribute information).

Figure H1.20: a) Adding a new join option; and b) selecting Custom field_name prefix to remove the prefix

a) b)

Figure H1.21: Joined attributes in the vector layer

Joined table
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 y Click on Export → Save Features As… (Figure H1.22).

 y A Save Vector Layer As... window opens

 y Under the File name, navigate to your desired folder where you want to keep the joined layer data by clicking 
on the ellipsis on the right side. 

 y Give your layer a name (e.g., Bagmati_Pop_Joined) and select the data format as ESRI shapefile (.shp).

 y Under the Select fields to export and their export options, you may uncheck fields that you do not want in 
your output layer.

 y Click on OK.

1.3.7 Select features using an expression (query builder)

 y Open the Attribute Table of the file Bagmati_Pop_Joined (which you saved in the previous step) and click on 
the    icon.

 y A Select by Expression window opens which is similar to a Field Calculator window having three sections 
with expression/editor, groups, and group descriptor.

 y Select Fields and Values under groups (Figure H1.23a).

 y Write an expression as “POP_011” >100000 AND “Ann_rainfa” <1500. 

Figure H1.23: a) Selecting Fields and Values; and b) 1 out of 13 districts is selected

Figure H1.22:  Saving joined table attributes

a) b)
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 y You may use the Operators group to put operators in the Expression window. 

 y Click on Select Features.

 y You will observe that 1 out of a total of 13 districts of the Bagmati province which fall within the Expression 
window is selected (Figure H1.23b).

1.3.8 Exploring geoprocessing tools (vector analysis)

Geoprocessing is a set of tools and a framework for working with geographic and related data. An extensive 
set of geoprocessing tools is used to automate spatial analysis and GIS data management for analysing the 
information used to form decisions. In QGIS, various geoprocessing tools – such as buffer, clip, dissolve, and 
intersection – are available to analyse our spatial data.

1.3.8.1 CLIP ANALYSIS

Clipping allows for clipping/extracting a feature with the defined boundary line. This is important when you 
need to study and analyse a small area. Here, two input layers are required and only the parts of the features in 
the input layer that fall within the polygons of the overlay layer will be added to the resulting layer.

 y Now we will be clipping the road network (line data) of Bagmati province for a particular district.

 y Click on the  Select Features icon. 

 y Select any district in the Bagmati_Pop_Joined 
layer (in this case, Kathmandu).

 y Add the line road (Road_Bagmati.shp) data 
in the Layers Panel from the folder Training_
Resources\Hands_on_1 (the same way you 
added other layers from the Browser Panel).

 y Click on Vector from the main QGIS interface 
panel.

 y Click on geoprocessing tools -> Clip (Figure 
H1.24).

 y A Clip window opens.

 y In the Clip window, select the Input layer to be 
clipped (Road_Bagmati.shp).

 y Select the Overlay layer used for clipping 
Bagmati_Pop_Joined.

 y  Check the Selected Feature Only (Figure 
H1.25).

 y Under the Clipped option, click on the ellipsis 
and select Save to file.

 y Navigate to the output folder and name your 
file as Clipped_road.

 y Click on Run.

Figure H1.24: Clip analysis

Figure H1.25: Select features for clip analysis
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 y You will observe the clipped road is added in the Layer Panel for the selected district (Figure H1.26, right).

 y You may follow a similar exercise to clip earthquake_Nepal.shp (point) and Soil_Nepal.shp (polygon) data.

1.3.8.2 BUFFER ANALYSIS 

Buffer is a proximity function and constructs a polygon 
around the features at a defined distance. Buffer zones are 
often created to protect the environment, safeguard inhabited 
and commercial zones from industrial accidents or natural 
disasters, and even to prevent violence. 

Here, we will use the clipped road layer to create a buffer.

 y Open the clipped shapefile on the QGIS window, i.e., 
Clipped_road.shp.

 y Click on Vector->geoprocessing tools -> buffer.

 y Select the Input layer to be buffered, i.e., Clipped_road.

 y Enter the Distance limit as 100 (metres in this case).

 y Check the Dissolve result option (Figure H1.27).

 y Keep other options as default.

 y Under the Buffered option, click on the ellipsis and select 
Save to file.

 y Navigate to the output folder and name your file as 
Buffered_road.

 y Click on Run.

 y You will observe that the buffered road is added in the 
Layers Panel for the selected district (Figure H1.28).

 y You may follow a similar exercise to create a buffer for 
point and polygon data.

Figure H1.27:  Buffer analysis

Figure H1.26: Road layer overlaid on Nepal districts’ layer (left) with the selected Kathmandu district and clipped road for Kathmandu 
district (right)
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1.3.8.3 THE DISSOLVE ANALYSIS

The Dissolve tool unifies borders based on similar attribute values. In other words, Dissolve merges the 
boundaries of the features available in a vector polygon data of the same attributes. For example, if you want to 
remove the districts of Nepal to form a country boundary, then this tool is useful.

 y Here, we will dissolve the boundaries at the ZONE level.
 y Open the Bagmati_Pop_Joined.shp file.
 y Click on Vector->geoprocessing tools -> dissolve.
 y A Dissolve window opens (Figure H1.29a).
 y Select the Input layer as Bagmati _Pop_Joined file.
 y Under the Dissolve field(s) option, click on the ellipsis
 y Select the ZONE field (Figure H1.29b).

Figure H1.28: Buffered road showing the zoomed cross-section with overlaid road layer

Figure H1.29: The dissolve analysis

a) b)
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 y Under the Dissolved option, click on the ellipsis and select Save to file.
 y Navigate to the output folder and name your file as Dissolved_zone.
 y Click on Run.

 y You will observe that the Dissolved layer is added to the Layers Panel at the zone level of Bagmati province  
(Figure H1.30).

You may explore other geoprocessing tools as well.

Figure H1.30: Dissolved (After) district boundaries of Nepal at zone level

Before After
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HANDS-ON EXERCISE 2 

Raster data exploration in QGIS 

This chapter briefs about exploring raster data in the QGIS software and about the various tools to process and 
analyse the raster data.

2.1 Adding raster data
 y To connect to your input data folder (which you are going to analyse in QGIS), go to the browser panel and 

navigate to the respective drive and folder.

 y In this case, Training_Resources\Hands_on_2

 y Double-click on the file name DEM_53_07.img. 

(DEM refers to the digital elevation model data that provides the elevation of a certain region above the mean 
sea level.)

 y You will observe that the raster layer is added in the Layers Panel and is displayed in the map view region 
(Figure H2.1).

Figure H2.1: Map view displaying added raster layer

Added raster layer

Raster data added in the 
display window
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2.2 Exploring the properties of the added raster layer 
 y To open the Properties dialogue, double-click or right-click on the layer in the Layers Panel and choose 

Properties from the menu.

 y A Layer Properties window appears displaying various Properties menu sections like Information, Source, 
Symbology, Labels, Masks, and Fields (Figure H2.2). 

 y The Information tab   is a read-only tab that represents the summarised information and metadata – 
name, location of file, geometry, CRS, unit, data type, width, height, pixel size – of the added layer.

2.2.1 Exploring symbology properties

The raster layer Symbology property helps to change the colour and visualise the raster data; it consists of three 
different sections:

 y Band rendering to operate the renderer type that is to be used.  

 y Colour rendering to apply effects to the rendered data.

 y Resampling Methods to optimise rendering on the map.

We will now explore Band rendering.

Figure H2.2:  Layer Properties window for GIS data
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2.2.2 Band rendering

QGIS offers numerous renderer types. The renderer you choose will depend on the data type and the 
information you want to emphasise.

 y Multiband colour: This is useful to apply in the case of multiband data (e.g., a multiband satellite image).

 y Paletted/unique values: These are particularly useful for thematic data or single-band files that have an 
indexed palette (e.g., digital topographic maps).

 y Single-band grey: The image (one band) will be rendered in grey scale and is useful for the file that is neither 
multiband nor paletted (e.g., a shaded relief map).

 y Singleband pseudocolour: This is appropriate for images with a continuous palette or for a colour map (e.g., 
an elevation map).

 y Hillshade: This creates a hillshade from a band.

 y Contours: This produces instantaneous contours for a source raster band.

2.2.3 Changing the colour of raster data

 y Right-click on the added layer 
DEM_53_07.img.

 y Click on Properties → 
Symbology.

 y Drop down the Render 
type and select Singleband 
pseudocolour. 

 y Choose the desired Colour 
ramp (Figure H2.3).

 y Select the Mode of the raster 
classification (e.g., Equal 
Interval).

 y Change the classes you want to 
display the elevation levels for. 

 y You may also edit the elevation 
values in order to define your 
desired class levels.

 y Edit the value by double-
clicking on the Value column.

(In the case of thematic data, you may edit the Label column as well; for example, in the case of LULC data, 
value 1 represents forest, 2 water, 3 built-up area, and so on.)

 y Click on Apply.

 y You will observe the raster layer displaying the elevation values in different colours (Figure H2.4).

 

Figure H2.3: Changing the colour of raster data
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2.2.4 Transparency properties

QGIS provides the option to adjust the 
transparency level of a raster layer. 
There is a Global Opacity option to 
set the transparency level of a raster 
layer; this is particularly useful when 
there is an overlay of two raster 
layers and you want to observe the 
background layer as well.

 y Right-click on the added layer 
DEM_53_07.img.

 y Click on Properties → 
Transparency (Figure H2.5).

 y Change the opacity percentage 
of the layer from 100 to 50% and 
observe the change (Figure H2.6).

Figure H2.4:  Layer showing the elevation of a few regions of Nepal

Figure H2.5: Transparency properties

Before After

Figure H2.6:  Layer showing transparency after changing the opacity (50%)
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You may also assign the Additional no data value to certain values (the ones you don’t want to display on the 
map); for example, set the Additional no data value at 87 and observe the change (Figure H2.7). In addition, you 
may explore the Custom Transparency Options to make a range of values transparent.

2.3 Raster data processing
Now we will learn how to process the raster data to analyse some specific region or area.

2.3.1 Raster layers

Raster merging makes file management easier by combining many raster files (of the same format) into one. 
Here we will merge two DEM raster files into one.

 y To connect to your input data folder (which you are going to analyse in QGIS), go to the Browser Panel and 
navigate to the respective drive and folder.

 y In this case, Training_Resources\Hands_on_2

 y Double-click on the file name DEM_54_07.img.

 y You will observe that two layers, adjacent to each other, are visible on the map view window.

 y Click on Raster from the main QGIS 
interface panel.

 y Click on → Miscellaneous → Merge 
(Figure H 2.8).

 y A Merge window opens (Figure H2.9a).

 y You will observe 0 inputs selected under 
the Input layers option.

 y Click on the ellipsis (…) under Input 
layers and select the layers that you want 
to merge (here, DEM_53_07.img and 
DEM_54_07.img; Figure H2.9b).

Figure H2.7:  Layer showing certain pixel values (i.e., 87) as transparent (white)

Figure H2.8: Open Merge tool
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 y You will observe 2 inputs selected under the Input layers option (Figure H2.9a).

 y Keep other options as default.

 y Under the Merged option, click on the ellipsis (…) and select Save to file.

 y Navigate to the output folder and name your file as Merged_DEM.

 y Run the analysis. 

 y You will observe that the merged DEM file is added in your map window (Figure H2.10).

Figure H2.10:  Merged raster DEM layer
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Figure H 2.9: Selecting input layers

Select inputs to be merged

a) b)
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2.4 Clipping raster layers
The merged DEM we created covers an area much larger than that of the district of Nepal that we want to work 
on. So, we resort to clipping in order to extract the raster layer within a certain specified region. In QGIS, two 
types of raster extractions are available; these are:

 y Clipping raster by extent.

 y Clipping raster by mask layer.

Here, we will be using the second type to extract the 
DEM data for Kathmandu district.

 y Open the Merged_DEM.tif file (which you created 
in the previous section).

 y Open the Kathmandu_boundary.shp file from 
Training_Resources\Hands_on_2 using the 
Browser Panel (as you did for other layers).

 y Click on Raster from the main QGIS interface 
panel.

 y Click on → Raster → Extraction → Clip Raster by 
Mask Layer (Figure H 2.11). 

 y A Clip Raster by Mask Layer window opens. 

 y Select the Merged_DEM file as the Input layer.

 y Select Kathmandu_boundary.shp as the Mask 
Layer.

 y Put 0 as Assign a specified no data value to output 
bands [optional].

 y Under the Clipped (mask) option, click on the 
ellipsis and select Save to file (Figure H2.12).

 y Navigate to the output folder and name your file as 
Clipped_DEM.

 y Run the analysis. 

 y You will observe that the clipped DEM file for 
Kathmandu district is added to your map window 
(Figure H2.13).

Figure H2.11: Clip Raster by Mask Layer

Figure H2.12: Click on the ellipsis and saving to file

Select inputs to be clipped

Select mask layers

Before After

Figure H2.13:  Clipped raster DEM for the Kathmandu district
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2.5 Exploring raster analysis
The raster analysis tool can be used to calculate surfaces like slope, aspect, hillshade, ruggedness index, and 
relief using DEM. This surface analysis may be used in many applications such as landslide susceptibility 
mapping, habitat suitability, solar insulation, and agriculture suitability. In this section, we will create these 
surfaces using the clipped DEM for Kathmandu.

2.5.1 Slope

Generally, a slope is the steepness or the degree 
of incline of a surface. In GIS, the slope tool 
calculates the slope angle for each cell in degrees 
and represents the rate of change in elevation for 
each DEM cell. A slope can be expressed either in 
degrees or as a percentage. In degrees, the values 
can vary from 0 to 90. A value of 0 indicates that 
the surface is flat. .  Now let’s create a slope surface 
using the clipped DEM:

 y Open the Clipped_DEM.tif file (which 
you created in the previous section for 
Kathmandu).

 y Click on Raster from the main QGIS interface 
panel.

 y Click on ->Raster-> Analysis-> Slope 
 (Figure H 2.14). 

 y A Slope window opens (Figure H2.15a).

 y Select the Clipped_DEM.tif layer as the Input 
layer.

 y Keep other options as default.

 y Under the Slope option, click on the ellipsis and select Save to file (Figure H2.15a).

 y Navigate to the output folder and name your file as Slope.

 y Run the analysis. 

 y You will observe that the slope map for Kathmandu district is added in your map window (Figure H2.15b).

Figure H2.14: Open Slope analysis tool

Figure H2.15:  a) Slope analysis and b) slope map for Kathmandu

(b)(a)
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2.5.2 Aspect

Aspect is the compass direction that a slope faces. The pixels’ 
azimuth value will range from 0–360 degrees, measured from the 
north (Figure H2.16). Based on the slope angle, we can classify 
different aspect directions using a descriptive direction. 

An output aspect raster will typically result in several slope 
directions and can be classified as below:

Flat (-1) South (157.5° to 202.5°)

North (0° to 22.5°) South-west (202.5° to 247.5°)

North-east (22.5° to 67.5°) West (247.5° to 292.5°)

East (67.5° to 112.5°) North-west (292.5° to 337.5°)

South-east (112.5° to 157.5°) North (337.5° to 360°)

 y Open the Clipped_DEM.tif file.

 y Click on Raster from the main QGIS interface panel.

 y Click on ->Raster-> Analysis-> Aspect. 

 y An Aspect window opens  (Figure H2.17).

 y Select the Clipped_DEM.tif layer as the Input layer.

 y Keep other options as default.

 y Under the Aspect option, click on the ellipsis and select 
Save to file (Figure H2.17).

 y Navigate to the output folder and name your file as 
Aspect.

 y Run the analysis. 

 y You will observe that the aspect file for Kathmandu 
district is added to your map window (Figure H2.18). 

 y You may classify and edit the output aspect layer based on the 
 slope-angle directions (Figure H2.16).
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Figure H2.16:  Aspect

Figure H2.17:  Aspect analysis
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Figure H2.18:  Aspect map for Kathmandu
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HANDS-ON EXERCISE 3 
Satellite data visualisation and 

interpretation in QGIS/Google Earth

Satellite data can be available in different colour composites in the form of true and false colour composites. 
Interpreting the satellite data involves the extraction of qualitative and quantitative information about the Earth’s 
features from satellite images. A comprehensive analysis must be done to identify the features in the images, 
along with the field data for detection, delineation, enumeration, and measurement. The interpretation of the 
data is based on the following key elements:

 y Shape: This is the external appearance, outline, or structure of the feature; for example, rivers and roads as 
linear features, and agricultural fields as rectangles.

 y Size: The scale and resolution of an image determine the attribute of an object or feature. In a large-scale 
image, smaller features can be easily identified, while in a small-scale image, the bigger features come to the 
fore.

 y Pattern: This deals with an object’s spatial arrangements into recognisable forms. For example, while a road 
and a railway line appear to be linear, their designs may differ; especially in the case of major roads where 
there would be several intersections and severe turns.

 y Shadow: This indicates an object’s outline and length, which is important for determining its height. The 
shadows of taller features are bigger than those of the shorter ones.

 y Tone: This describes the colour or relative brightness of a feature. Properties such as reflection, emittance, 
transmission, or absorption cause tonal variance in objects. For example, a smooth surface will have high 
reflectance and a brighter tone while a rough surface will have less reflectance.

 y Texture: This determines how frequently tones are changed. This depicts a visual impression of surface 
roughness or smoothness of objects. For example, a piece of agricultural land will have a smooth texture 
while a natural multilayered forest will have a rough one.

 y Location A feature’s identity can be defined through its interaction with surrounding features.For example, 
specific tree species are found in high-altitude areas.

 y Association: This defines the occurrence of features compared to other features.

A few examples below (Figure H3.1) from Google images depict the different appearances of features in satellite 
data in a true colour composite. 

Vector data, i.e., point, line, and polygon, are necessary for various analyses and updates of historical data. These 
can be created using the satellite images as a base map and are useful when it comes to integrating multiple 
other information in order to visualise them as a whole.
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Figure H3.1:  Examples of Earth features as seen in a true colour composite image
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Water bodies

Built-up areas

Grasslands



USING EARTH OBSERVATION AND GEOSPATIAL APPLICATIONS FOR DISASTER PREPAREDNESS IN NEPAL    73

3.1 Adding Google satellite image in QGIS
We will now establish a new connection to add the 
Google image in QGIS.

 y Scroll down the Browser Panel. 

 y Select and right-click on XYZ Tiles → New 
Connection (Figure H3.2).

 y An XYZ Connection window appears.

 y Enter the Name of the connection as  Satellite image 
(Figure H3.3a).

 y Paste this URL: http://www.google.cn/maps/vt?lyrs=s
@189&gl=cn&x={x}&y={y}&z={z} 
(Make sure you are connected to the network to 
establish the connection.)

 y Click on OK. 

 y You will observe the added Satellite image connection under the XYZ Tiles.

 y Double-click on the Satellite image and you will observe the added layer in the Layers Panel and the Google 
image displayed in the map view (Figure H3.3b).

Please visit  https://www.geodose.com/2018/03/how-to-add-google-maps-layer-QGIS-3.html to establish the 
connection and add other Google Map Layers like Google Terrain and Google Roads under the XYZ tiles. This 
web page also provides links to many other Google map layers.

3.2 Creating a new shapefile (point)
Here we will be collecting point data for different LULC types like forest, agriculture, and built-up area.

 y Open the Satellite image (from the XYZ Tiles in the Browser Panel) that you added in the previous section.

 y Navigate to your target region for which you want to create/collect the point data.

 y Click the New Shapefile Layer icon  from the main QGIS interface panel.

Figure H3.2: Create New Connection 

Figure 3.3: a) Establishing a new connection to add Google satellite image in QGIS; and b) visualisation of the satellite image on map view

a) b)
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 y A New Shapefile Layer window opens (Figure H3.4).

 y Next to the File name, click the ellipsis (…) to browse the 
folder where you want to save the created shapefile, and 
name it as LULC.shp. 

 y Select Geometry type as Point. 

 y Under the New Field option, type LULC as Name.

 y Select Type as Text and Length as 10.

 y Click on Add to Fields List. 

 y You will observe that the name LULC appears under the 
Fields List (Figure H 3.4). 

 y Click on OK

 y The created layer appears in the Layers Panel. Open the 
Attribute Table and review the information; you will see 
that there are only field names but no data.

3.3 Collecting points and editing the 
newly-built shapefile 

To collect the point data from the Google satellite image and 
add the information in the Attribute Table, the shapefile must 
be in edit mode. 

Now , follow the following steps to add the point data and edit 
the shapefile:

 y Zoom to the region or area for which you want to collect the 
point. 

 y Select the layer LULC.shp from the Layers Panel.

 y Click on the Toggle Editing (pencil) icon  from the main 
QGIS interface panel.

 y You will observe that the Digitizing Toolbar is highlighted.

 y Click on the Add Point Feature icon.  You will observe a 
circular cursor following your mouse.

 y Go to your desired region, such as forest, and left-click with 
your mouse. 

 y A LULC Feature Attributes window appears.

 y Give the ID as 1 and the LULC as Forest, and click on OK (Figure H3.5).  
(Note that the ID should be unique – i.e., 1, 2, 3 subsequently – for each point.)

 y You will observe that the point is added in your created shapefile. 

 y Follow the same process and start collecting the point features for different types of LULC, such as forest and 
waterbody.

 y Once you have collected enough points, you can click on the Toggle Editing mode to stop editing.

 y A pop-up asking you to save features will appear (Figure H3.6). You can now save your edits.

Figure H3.5:  Assigning unique IDs

Figure H3.4: Creating a new shapefile

Figure H3.6: Stop editing
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 y You may visualise your created vector point shapefile in QGIS  by editing Symbology (Figure H 3.7).

3.4 Creating a new shapefile (polygon)
Here we will be creating polygon data for different LULC types, such as forest, agricultural land, and built-up 
area.

 y To create a new shapefile, follow the same steps as in section 3.2.

 y All the steps are the same as in the previous section of 3.2 except for choosing the Geometry type as Polygon 
here.

 y After the polygon layer is added to the Layers Panel, start Toggle Editing mode by clicking on the  
pencil icon. 

 y You will observe that the Advanced Digitizing Toolbar is highlighted with several options (Figure H 3.8). 

 y Click on the icon Add Polygon Feature (Figure H3.8).

 y A circular cursor will appear to follow your mouse. 

 y Start digitisation by left-clicking with your mouse on 
a feature (e.g., forest) for which you want to create a 
polygon and continue left-clicking until you reach the same point from where you started.

 y For the last point, just right-click your mouse. 

 y A LULC feature attribute window appears similar to the one in section 3.3 (Figure H3.5).

 y Give the ID as 1 and the LULC as Forest, and click on OK. 

 y You will observe that a polygon is added to the map view (Figure H3.9). 

Figure H3.7: Collected point features

Figure H3.8:  Advanced Digitizing Toolbar
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3.5 Editing the newly-built shapefile (polygon) 

3.5.1 Splitting the polygon

 y You may change the Opacity from the Symbology of your 
polygon shapefile in order to view the background Google 
image. 

 y Select the layer LULC.shp in the Layers Panel.

 y Select the polygon (you want to split) with the Select Features/
icon. 

 y Click on the Split Feature icon. 

 y Place the mouse cursor on the polygon (from where you want 
to split) and left-click outside the polygon.

 y Move and left-click inside the polygon regions until you reach 
the other side of the polygon boundary. 

 y Position your mouse cursor over another end of the polygon 
(from where you want to end the split) and left-click, followed 
by a right-click.

 y You will observe that the polygon is split into two (Figure 
H3.10). 

3.5.2 Reshaping the polygon (helpful for adding or deleting 
a certain region)

 y Select your layer LULC.shp.

 y Select the polygon (that you want to reshape) with the Select 
Features/icon. 

 y Click on the Reshape Feature icon. 

 y Move your mouse to the region where you want to add/grow 
the part. 

 y From inside the polygon, left-click to start the digitisation 
process. 

 y Return to the inside of the polygon and left-click and then 
right-click to complete the digitisation process.

 y You will observe the added region in your polygon (Figure 
H3.11). 

3.5.3 Using the snapping tool (useful for tracing and 
snapping at intersections)

The snapping tool is important to avoid topological errors (in the 
form of overlap, etc.) when two polygons are sharing a common 
boundary.

 y Click on the Enable Snapping icon   from the Snapping 
Toolbar. 

Figure H3.10:  Split Polygon 

Figure H3.11:  Reshaped Polygon

Figure H3.9:  Digitized Polygon
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 y Click on Advanced Configuration (Figure H3.12).

 y You will observe that the Edit Advanced Configuration option 
(eye icon) is highlighted.

 y Click on Edit Advance Configuration and select the editable 
layer/layers in which you want to trace and snap. (In case you 
dont have snapping tool please install from Plugins ->Manage 
and Install Plugins...) 

 y From Advanced Configuration, select Open Snapping Options 
(Figure H3.13).

 y A Project Snapping Setting window opens; set your preferences 
here (Figure H3.13).

 y Select the Vertex under Type option and Tolerance as 12

 y Select the Topological Editing, Snapping on intersection, Self-snapping options.

 y Once you have set the preferences for snapping, select the 
polygon layer LULC.shp.

 y Click on the Add Polygon icon. 

 y You will notice a pink icon-snapping guideline following your 
mouse cursor (Figure H3.14).

 y Start tracing the boundary and create an adjacent polygon.

 y You may follow the same process to add other polygons.

 y Save your edits. 

 y You may explore other editing tools for better understanding.

Figure H3.13: Snapping settings window

Figure H3.14:  Snap tracing of the polygon

Figure H3.12:  Snapping toolbar
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HANDS-ON EXERCISE 4 
Exploring Earth observation  
data using Google Earth Pro

4.1 Installing Google Earth Pro
Google Earth Pro is a free, user-friendly software that allows users to see, analyse, overlay, and create geographic 
data. 

 y Click on https://www.google.com/earth/versions/#earth-pro or paste the link into your internet browser, 
such as Chrome.

 y A browser window opens (Figure H4.1).

 y You will observe three options – Google Earth on web, Google Earth on mobile, and Google Earth Pro on 
desktop.

 y Click on Google Earth Pro on desktop.

 y You will be navigated to Download Earth Pro on desktop viewport (Figure H4.2a).

 y Click on Download Earth Pro on desktop.

 y A download permission page pops up; click on Accept & Download (Figure H4.2b).

 y Navigate to the folder to download the GoogleEarthProSetup.exe file.

 y Once the GoogleEarthProSetup.exe file is downloaded to your desired folder, double-click on the icon and 
follow the instructions.

 y A window pops up asking for permission (Figure H4.3).

 y Click on Yes and install the software.

Figure H4.1:  Browser window to download Google Earth Pro
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4.2 Launching Google Earth Pro and 
customising the programme window

 y Click on the Google Earth Pro icon   or perform a start 
menu search to launch Google Earth Pro. 

 y A Google Earth Pro window opens. This screen provides 
instructions and tips about the most-used program features.

 y Uncheck the Show tips in the start-up box and click Close to 
prevent this window from appearing each time you launch 
the program (Figure H4.4). 

 y You will observe a view of the Earth in the map window. 

Figure H4.2: Downloading Google Earth Pro on your computer; b) Accepting the privacy policy and downloading Google Earth Pro

a) b)

Figure H4.3:  Permissions to install Google Earth Pro on 
your computer

Figure H4.4: Configuring the Google Earth Pro program window
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4.3 An overview of Google Earth Pro 
The Google Earth Pro interface consists of a few displays, panels, etc. (Figure H4.5a).

1. Search module: Available at the left sidebar of the screen consisting of a few modules along with a search 
module at the top which allows users to look up locations by their names or latitude/longitude. 

2. Places module: Here the location data is saved and organised. 

3. Layers module: A variety of information, or layers, provided by the Google Earth community  is available in 
the Layers module which can be turned on and off to view them.

4. Toolbar: Located at the top, this bar provides access to numerous features such as placemarks and creation 
of polygons, image overlays, and historical imagery.

5. Navigation toolbar: The main navigation tool is displayed on the right side of the map window (Figure H4.5b) 
where it is used to: 1) specify the tilt of the camera towards the landscape; 2) show the movement in four 
directions – north, south, east, and west; and 3) enable the zoom slide bar to zoom in (+) or zoom out (-).

You can also use your scroll wheel on the mouse to zoom in or out. 

At the bottom of the screen, information on the current latitude and longitude coordinates, as well as on the 
elevation of where your cursor is pointing, is displayed. The Eye altitude may also be seen on the right side (the 
altitude that Google Earth is currently viewing the world from).

4.4 Common and useful tools in Google Earth Pro

4.4.1 Resetting the view

In Google Earth Pro, a few widely used tools are available via buttons with icons at the top of the screen, while 
others can be accessed via drop-down menus from the window’s top . 

 y Occasional deviations from the default compass direction and the imagery tilt angle are caused by setting 
it at a zoom level or by being embedded in a specific location. In order to  reset one or both of these above 
options, select View, then Reset from the top menu list. 

 y Select Tilt and Compass or either option separately (Figure H4.6).

 y You will observe that the view is set as default with north being at the top of the screen.

 y In addition, you can add Grid, Scale, legend, etc. from the view tab.

a) b)

(1) (4) (5)

(2)

(3)

Navigation toolbar

Figure H4.5:  An overview of the Google Earth Pro interface
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4.4.2 Use of the toolbar

Some useful tools are available at the top of the map window 
under the toolbar menu. The tools included here are for 
creating and editing places, viewing temporal images, 
measuring features, and for printing and sharing maps.

 y The first section of the tool is dedicated to adding content 
to the map such as in the form of places and additional 
imagery (Figure H4.7).

 y The pushpin icon is used to create a point; the irregular 
hexagon to create a polygon; and the three connected 
vertices to create a line (path). 

 y The tools in the next section allow us to visualise the 
temporal images (images with different dates) and to change 
the sun angle for different times of the day.

 y The sky and its constellations, and the Moon and Mars can 
be explored by switching between the sky and Earth, and 
other planets (Figure H4.7).

 y The Ruler tool allows for measuring the distances and area 
of the features on the map.

 y The tools in the last section allow us to create and share the maps.

4.5  Exploring places in Google Earth Pro
 y Click on the Search section of the left 

sidebar.

 y Type Kathmandu in the search bar and hit 
enter on your keyboard.

 y The map will automatically navigate and 
zoom to the selected area (Figure H4.8).

 y You will see a red placemark on the map 
at the Kathmandu location.

 y Click on the placemark; this will give a 
brief description of the location.

Figure H4.7:  Use of the toolbar

Figure H4.6:  Resetting the view

Figure H4.8: The selected area showing Kathmandu



82  TRAINING MANUAL

 y You will observe other symbols located across the map. These symbols represent the layers that are active 
(turned on) in the Layers module of the sidebar (Figure H4.9). 

4.5.1 Time series exploration

 y Click on the   Show historical imagery icon in the toolbar.
 y You will observe a time slider at the top left of the map window.
 y Drag the slider to a different time and observe the changes (Figure H4.10).

4.5.2 Finding routes and places

 y Click the Get Direction option under the Search module.

 y You will observe two search bars, A and B.

 y Type the locations you want to explore here as ICIMOD under A and Central Zoo under B.

 y The map automatically navigates to the locations you defined and shows the information regarding the route, 
distance, time, etc. under the search module (Figure H4.11).

Figure H4.9:  Layers

Figure H4.10:  Time series exploration

Time slider

2013 2021
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4.6 Importing vector files in Google Earth Pro
Google Earth Pro primarily utilises KML (keyhole markup language) and KMZ (keyhole markup language 
zipped) files. However, it also allows users to open other files, such as vector (.shp) and raster (.img, .grd, .bmp, 
etc.). 

 y So, in order to import vector files in Google Earth Pro, follow these steps:  

 y Click on File and Import options (Figure H4.12a).

 y Navigate to your folder to open .Shp file (in this case, Nepal_population.shp from the folder Training_
Resources\Hands_on_4). 

 y Click on Nepal_population.shp and on Open (Figure H4.12b).

 

 y You will observe a message dialogue popping up 
(Figure H4.13). 

 y Click on Yes.

 y A Style Template Options window opens.

Figure H4.11:  Finding routes and places

Figure H4.12:   Importing vector file in Google Earth Pro

Figure H4.13: Applyling style template  

a) b)
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 y Click on Create new template and on OK (Figure H4.14a). 

 y A Style Template Settings window opens (Figure H4.14b).

 y Specify your settings as: set name field Zone under Name; use random colours under Color; and click on OK 
(Figure H4.14 c).

 y Save your template (.kst).

 

 y You will observe that the shapefile is imported in the Google Earth Pro Map window and appears under the 
Places module (Figure H4.15).

 y Right-click on the layer and click on Properties if you want to change the style and colour of the layer.

Figure H4.15:   The imported vector shapefile in Google Earth Pro

a) b) c)

Figure H4.14:  Applying style template options
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(a) (b) (c)

Figure H4.16:  Adding new folder in Google Earth Pro

4.7 Creating and editing data in Google Earth Pro

4.7.1  Adding placemark (creating point location)

 y First, we need to create a folder under which you will create and edit all the vector data –point, line, and 
polygon.

 y Under the Places module, right-click on My Places → Add → Folder (Figure H4.16a).

 y A Google Earth-New Folder window opens.

 y Specify the name of the folder (in this case, LULC data) under Name and keep other options as default 
(Figure H4.16b).

 y Click on OK and you will observe a newly added folder under the Places module (Figure H4.16c).

 y Once the main folder is created, you may create separate folders under the main folder to keep the point, 
line, and polygon data separately.

 y Navigate to your desired location for which you want to collect points; e.g., forest, buildings, and schools.

 y Right-click on your created folder, (LULC data) → ADD → Placemark.

 y A Google Earth-New Placemark window opens (Figure H4.17a).

 y Specify the name of the location (i.e., forest, waterbody, built-up area, etc.) under Name.

 y Click on the    Placemark icon in the window to change the symbol and colour of the icon (Figure 
H4.17b).

 y Choose your desired option from the icon; you may add custom icons as well. 

 y You may drag your placemark to the desired location.

 y Click on OK. 

 y Follow the same process to collect other points (Figure H4.17c).
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4.7.2 Adding polygon (creating polygon data)

 y Navigate to the location for which you want to create the 
polygon.

 y Right-click on your created folder, (LULC data) → ADD → 
Polygon.

 y A Google Earth-New Polygon window opens (Figure H4.18).  

 y Under Name, specify the name of the polygon you are 
creating (i.e., forest, waterbody, built-up area, etc.). 

 y Under the Style, Color options, change the colour under Lines 
and Width.

 y Under Area, select Outlined. 

 y You will observe that your mouse follows a square cursor.

 y Start digitising by left-clicking and tracing the boundary of the 
location (Figure H4.19a).

 y If you have mistakenly digitised a wrong location, you may 
delete that by clicking on the Delete key on your keyboard.

 y Click on OK.

 y You will observe that the polygon is added to the map window.

 y To edit the polygon, right-click on the polygon (Forest) that you created and click on Properties (Figure 
H4.19b).

 y You will observe that all the vertices of the polygon are visible on the map (Figure H4.19a).  

 y You can drag the vertices to change the shape of the polygon (Figure H4.19c).  

 y You may create the route (line data) following the same procedure.

Figure H4.17:  Adding placemark in Google Earth Pro

Figure H4.18:  Configuring a new polygon

a) b) c)
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c)Before Aftera) b)

Figure H4.20: Exporting the created data 

 

4.8 Exporting your created data to use in QGIS
 y Right-click on the folder you created, (LULC data) → Save Places As… (Figure H4.20a).

 y Navigate to the folder where you want to save your created data (in this case, Output folder).

 y Give the output file name as required (in this case,  LULC data) and select the Save as type as *.kmz (Figure 
H4.20b).

 y Click on Save.

 y Open QGIS.

a) b)
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 y To add your created LULC data in QGIS, go 
to the Browser Panel and navigate to the 
respective drive and folder (Output) where 
you saved the data (Figure H4.21).

 y Drop down the file name LULC data.kmz. 

 y You will observe different created layers. 

 y Double-click on any one layer (i.e., 
placemarks  or polygon). 

 y You will observe that the layer is added in 
the Layers Panel and is displayed in the 
map view region (Figure H4.22).

 y You can export the data as a shapefile 
using QGIS.

Figure H4.21:  Browsing the created layer 

Figure H4.22:  Adding vector layers in QGIS
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Figure H4.21:  Browsing the created layer 

Figure H4.22:  Adding vector layers in QGIS

GIS allows for the preparation of maps from data so that they are represented in a more convincing and 
interpretive manner. Here, we will prepare a map of the Bagmati province population (of 2011).

 y Open the Bagmati_population.shp file in QGIS from the folder Training_Resources\Hands_on_1.

 y Select and edit the Symbology and Properties for the field (in this case, 
POP_011) that you want to display on the map (Figure H5.1).

 y Click on the New Print Layout icon. 

 y A window titled Create Print Layout will be displayed 
(Figure H5.2). 

 y Type  Map in the window’s title and click on OK.

 y A new window for Print Layout appears (Figure H5.3).

HANDS-ON EXERCISE 5 

Cartographic map production  
using QGIS

Figure H5.1:  Bagmati population (of 2011) in map view

Figure H5.2:   Creating print layout window

MAKWANPUR
CHITWAN
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Figure H5.4: The population map displayed in the map view layout

5.1 Adding data in the print layout
 y Right-click on the map view (Figure H5.3) and change the page properties, i.e., page size, height, width, etc.

 y Click on the Add Item option from the top menu panel and select the ADD Map icon.    

 y A plus (+) sign cursor will follow your mouse.

 y Position the mouse cursor on the print layout’s top left corner and drag it to the lower right corner. The map 
can be seen on the print layout screen.

 y Under the Item Panel, you may view Map 1 and Item properties (Figure H5.4).

 y Scroll down and check the Frame to add the border frame to the added map; you may also change the frame 
properties, i.e., colour, thickness, etc.

To
ol
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x 

   t
oo
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ar

Map view

Items panel

Layout and item 
properties panel

Figure H5.3:  Print layout for the map
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 y Under the Main Properties, drop the arrow 
down under CRS and choose Default CRS 
(i.e., EPSG:4326-WGS). You will observe 
the Extents displayed in latitude/longitude 
(Figure H5.5a). 

 y Scroll down the Item Properties → and click 
on the Grids → + sign (Figure H5.5b).

 y Click on Modify Grid. 

 y The Map Grid Properties will appear.

 y Under Interval, set the X and Y values as 0.5 
(Figure H5.6a).

 y Grids appear on the map.

 y Scroll down the Map Grid Properties -> and 
click on Draw Coordinates.

 y Change the Left and Right display of the 
coordinates as Vertical ascending and 
Vertical descending (Figure H5.6b).

 y Change the Font properties of the 
coordinates, i.e., size, colour, etc.

 y Set the coordinate precision as 1.

 y You will observe that the coordinates appear 
on the map (Figure H5.7).

b)

a)

Figure H5.6:  Editing map grid properties 

(a)

(b)

a)

Figure H5.5: a) Extents displayed in latitude/longitude; b) Clicking 
on the Grids → + sign Figure

b)
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5.2 Adding legends in the map print layout
 y Click on the Add Item option from the top menu panel 

and select the Add Legend  icon. 
 y Position the mouse cursor on the screen and drag down to 

Add Legend.  
 y The legends appear on the print layout screen.
 y Under the Item panel, you will be able to see Legend.
 y Under Legend Items in the Item Properties, uncheck the 

Auto update box (Figure H5.8a).
 y Check the box of Only show items inside linked map 

(this is useful if you have more than one layer in the QGIS 
Layer panel).

 y Click on the Legend Title and edit the name of the legend 
title as Population (Figure H5.8b).

 y Click on OK.
 y Scroll down and edit the font and text properties from 

Font and Text Formatting options.
 y Scroll down and uncheck the background option to make 

transparent the legend background.

Figure H5.7:  Grids appearing on the map

Figure H5.8: Editing legend items

a)

b)
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Figure H5.9:  Scalebar

Figure H5.10:  Editing North Arrow using SVG 
Groups

5.3 Adding scale in the map print layout
 y Click on the Add Item option from the top menu panel and select the 

Add Scale Bar icon.    

 y Position the mouse cursor on the screen and drag down  to add the 
Scale Bar.

 y The Scale appears on the print layout screen.

 y Under the Item panel, you will be able to see the Scale Bar. 

 y Edit the properties of the scale bar from Scale Bar Main Properties in 
terms of units, segments, etc. (Figure H5.9).

5.4 Adding north arrow in the map print layout
 y Click on the Add Item option from the top menu panel and select the 

Add North Arrow    icon for the layout.Position the mouse cursor 
on the screen and drag down to add North Arrow.

 y The arrow appears on the print layout screen.

 y Under the Item panel, you will be able to see the North Arrow.

 y Under the Item Properties → Picture, you may choose different 
North Arrows from arrows under the scalable vector graphics (SVG) 
Groups (Figure H5.10).

 y Edit the Size and Placement. 

5.5 Adding title label in the map print layout
 y Click on the Add Item option from the top menu panel and select the 

Add Label  icon for the layout.

 y Position the mouse cursor on the screen and drag down to add the 
Label on the screen. 

 y Edit the Label from the Main Properties.

 y Edit the Font properties, i.e., type, style, size, etc.

 y Set the Horizontal and Vertical alignment (Figure H5.11).

 y Make sure you have added each required map element and then 
export the created map as an image, SVG, or pdf from  
the Layout Toolbar.

 y Observe your map (Figure H5.12).

Figure H5.11:  Editing label properties
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Figure H5.12: Map showing the district-wise population (in 2011) of Bagmati province, Nepal 
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HANDS-ON EXERCISE 6 
OpenStreetMap

6.1 Introduction
OpenStreetMap (OSM) is citizen science-based information about the whole world licensed under the open-
content regime (OpenStreetMap 2022). Citizen scientists from across the world contribute to the OSM database, 
updating the maps as their surroundings change. Users can then observe these changes immediately. Steve 
Coast, a British entrepreneur, created OSM in 2004 in the UK. Over a decade later, the OSM Foundation was 
established in 2006 to promote the development and distribution of open geospatial data. 

Citizen scientists from across the global community contribute to Google Maps and OSM.  A major difference 
between the two is that while users own their contributions to OSM and it is open for use by anyone, Google 
owns all the contributions made to Google Maps. Another major difference between the two platforms is that 
while the Google Earth program only provides users with information suitable for specific purposes, OSM 
allows users to access and download the raw data itself. Besides, while the information on Google Maps is 
geared towards operational purposes, the raw data that is available on OSM is pivotal for many researchers and 
policy planners as they can process and analyse the data according to their specific needs. The flexibility of data 
availability that OSM provides is one of the key factors in its popularity.

6.2 How is data collected in OSM?
Data collection for OSM is done in two ways: remote mapping; and field-based mapping. While remote mapping 
utilises aerial or satellite imagery, field-based mapping uses paper and pen or data collection devices such as 
GPS or mobile phone applications. The methodologies to collect and edit the data involve the use of apps like iD 
editor, JOSM Editor, and Field Papers OSMTracker.

OSM data is often updated by organising coordinated events called “mapathons” or by using different field data 
collection tools. The basic data structures are nodes, ways, and relations. The geometry types of data are point, 
line, and polygon. The common types of physical features represented for Nepal in OSM are land use, places, 
roads, traffic, buildings, transport, waterbodies, and waterways.

6.3 Why is OSM important for disaster preparedness?
The major advantage with OSM is that it provides free data, which can be easily downloaded and used 
accordingly. These data can also be extracted and processed for decision-making purposes, especially in the 
area of disaster preparedness. OSM data are also useful from a human geography perspective to study human 
settlements, transportation, tourism spots, and land-use planning. It provides a community-centric data product 
tailored for disaster preparedness. Thus, OSM data are useful when it comes to disasters like earthquakes, 
landslides, and floods wherein information can be shared and decision makers can take action.
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6.4 Hands-on exercise

6.4.1 Overview of OSM

 y Click on the link https://www.openstreetmap.org/  

 y You will see an OSM web page (Figure H6.1).

 y  You can navigate the locations by using your mouse; you can move the map by clicking on it with the left 
button of your mouse, holding down the button, and dragging your mouse around.

 y Your mouse scroll can be used to zoom in or zoom out or you may use the + and – buttons on the upper right 
corner of the map (Figure H6.1).

 y To search for a place, you can type the name (here, Kathmandu) in 
the search bar and hit Enter on your keyboard or click on Go.

 y A window appears at the left of the map with results of your search 
(Figure H6.1).

 y OSM has geographic information from across the world. Although the 
data is contained in a single database, it can be interpreted and styled 
in a variety of ways via various map styles. 

 y Click the Layers button on the right side of the map window.

 y You will observe different Map Layers (Figure H6.2).

 y Click on the various map style options to observe the changes. For 
example, the Transport Map highlights transportation routes, while 
the Cycle Map highlights cycling routes. 

6.4.2 Create an OpenStreetMap account

OSM allows users to create and edit data. An authenticated user account 
is needed to perform such actions. 

 y On the OSM map view page, click on   Sign Up at the top right corner of the page.

 y You will get a new page (Figure H6.3). 

 

Figure H6.2: Different map layers in OSM

Figure H6.1:  OSM interface
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 y To create an OSM account, you must fill up the five boxes on this page. 

 y Fill up the first two boxes with your email address.

 y Enter a username in the third box.

 y Enter a new password in the fourth and fifth boxes.

 y After filling up all the boxes, click on Sign Up at the bottom of the page.

 y You will receive an email carrying a link to confirm your registration. 

 y Click on the link to confirm the registration.

 – A new tab or window will open on your browser. On successful registration, you will have created an OSM 
account.

 – Log in to OSM using your registered details (username and password).

6.4.3 Downloading OpenStreetMap data

 y The shape file for the whole of Nepal can be downloaded from the Geofabrik website:  https://www.
geofabrik.de  The URL for the zip shape file is: http://download.geofabrik.de/asia/nepal-latest-free.shp.zip.

 y You can also download data for a specific area from OSM:

 – Go to https://www.openstreetmap.org/ and pan to the area of interest.
 – Click on the Export button placed at the top left side of the map view (Figure H6.4).
 – Pan and zoom to a specific area (here, Kathmandu).
 – You will observe that a four-corner coordinate extent is visible on the left side under Export.
 – You may manually set the extent of the area that you want to export.
 – Click on the Manually select a different area link below the Export option.
 –  You will observe a rectangle appearing on the map.

Figure H6.3:  User registration in OSM
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 –  You may drag the sides of 
the rectangle to specify 
your region (select a small 
area).

 

 –  Click on the Export  
 button to 

download the data.
 – The OSM data will be downloaded as map.osm file (Figure H6.5). 

6.4.4 Opening OSM data in QGIS

 y Open the QGIS Desktop application. 

 y To add your exported data map.osm on QGIS, go to the Browser 
panel and navigate to the respective drive and folder where you 
saved the data.

 y Drop down the menu for map.osm; you will observe various 
vector data, i.e., lines, multilinestrings, multipolygons, points, etc. 
(Figure H6.6). 

 y Double-click on each layer.

 y You will observe that the vector layers (point, line, and polygon) are added in the Layers panel and are 
displayed in the map view region (Figure H6.7).

Manually select a different area

Export

Figure H6.4:  Exporting OSM data view

Figure H6.5: OSM-downloaded data

Figure H6.6:  Opening OSM data in QGIS
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Figure H6.8: Changing the colour for a layer in QGIS

Figure H6.7:  Vector layers (point, line, and polygon) added to the layers panel

6.4.5 How to use OSM data

 y OSM data are useful in the area of disaster preparedness as it helps in making emergency plans for floods 
or any other disaster events. In this exercise, we will be taking an area – Gaur municipality in Rautahat 
district of Nepal – which is prone to flooding. For this exercise, we have four layers – gaur_napa.shp (gaur 
municipality boundary), gaur_waterway.shp, gaur_road.shp, and gaur_building.shp. Through OSM, bigger 
data sets for whole of Nepal’s waterways, roads, and buildings are clipped. Now carry out the following steps: 

 y Open QGIS.

 y Under the Browser panel, navigate to the 
folder Training_Resources\Hands_on_6

 y Double-click on each layer, i.e., gaur_napa.
shp, gaur_waterway.shp, gaur_road.shp, 
and gaur_buildings.shp.  

 y You will observe each layer being added 
under the Layers panel and becoming 
visible on the Map view (Figure H6.8).  

 y To change the colour of the layer, you may 
follow the steps in hands-on exercises, 
section 1.3.3.1.

 – Right-click on the gaur_napa layer 
in the Layer panel of QGIS and select 
Properties (Figure H6.9, left).

 – A Layer Properties window opens; 
select Symbology.  

 – Click on Simple Fill (1); select Fill Colour (2); and then check the Transparent Fill (3) checkbox (Figure 
H6.9, right).

 – Click on Apply and then the OK button, 
 y You may follow the same process for other layers to change the colour.

(Note: Standard colour formats should be followed – such as blue for water and red for buildings/urban areas.)
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Figure H6.9:  Changing the colour for a layer in QGIS

a) b)

1

2
3

6.5 References
OpenStreetMap. (2022). https://welcome.openstreetmap.org/what-is-openstreetmap.
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7.1 Interface
HIWAT is comprehensive and easy to use and attempts to assist the skilled planner. HIWAT’s interactive 
visualisation system is built on Tethys, an open-source platform for water resources web app development 
created by BYU. Tethys helps disseminate hazard-forecast products effectively. ICIMOD has further customised 
the tool for Nepal. This tool is updated and customised based on the requirements of the stakeholders. No 
registration is required to access it.

The system is dynamic and interactive. Users can select various GIS base layers like base map, weather 
parameters, and administrative layers. Outlooks for four weather parameters – rainfall, lightning, hail, and 
supercell – are available in the tool. Upon clicking on the desired weather parameters or administrative 
boundary, the tools display the forecasted discharge for the next 54 hours. The tool also provides hourly 
predictions for each of the four weather parameters. The user also has an option to zoom into the desired area 
of interest by providing the location name in the search bar. This tool can be used as part of a decision-support 
system for flood forecasting.

HIWAT runs on the SERVIR Operational Cluster Resource for Applications – Terabytes for Earth Science 
(SOCRATES) platform during the pre-monsoon and monsoon seasons (from March to September every year). 
More information on the tool can be acquired from the link https://servir.icimod.org/science-applications/
hiwat-nepal/

7.2 Overview of HIWAT

3

5

4

6

2
1

7 8

9
Figure H7.1:  HIWAT – Nepal

HANDS-ON EXERCISE 7 
HIWAT-Nepal and interpretation 

 of weather forecasts
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7.3 54-hour outlook
This menu provides accumulated information for the next 54 hours at the administrative level. The information 
displayed will show the probability of total accumulated rainfall in mm for the upcoming 54 hours; it also 
provides the maximum probability of lightning, hail, and supercell threats for the next 54 hours.

Steps 

1. Copy and paste the following URL into your web browser to access the tool:

http://tethys.icimod.org/apps/hiwatnp/ 

2. The tool will open as shown in the figure below. Please refer to Figure H7.1 and Table H7.1 and Table H7.2 to 
know about the different components of the tool.

Name Purpose
54-hour outlook
Total accumulated rainfall (mm) Displays information predicting the total accumulated rainfall of 54 hours at the administrative level
Maximum probability of lightning Displays information on the maximum probability of lightning in the upcoming 54 hours at the administrative 

level
Maximum probability of hail threat 
(%)

Displays information on the maximum probability of hail threat in the upcoming 54 hours at the administrative 
level

Maximum probability of supercell 
threat (%)

Displays information on the maximum probability of supercell threat in the upcoming 54 hours at the 
administrative level

Hourly prediction
Municipality labels* Displays the name of the administrative level
Municipality boundary* Displays the administrative boundary
1-hour accumulated rainfall (mm) Displays hourly rainfall information; use the time slider to change the date and hour
Probability of lightning (%) Displays the hourly probability of lightning; use the time slider to change the date and hour
Probability of hail threat (%) Displays the hourly probability of hail threat; use the time slider to change the date and hour
Probability of supercell threat (%) Displays the hourly probability of supercell threat; use the time slider to change the date and hour
* The administrative level depends on the HIWAT that is used. Municipality for Nepal, gewog for Bhutan, and district for Bangladesh

Table H7.2: Description of menu bar components

Figure H7.2:  Screenshot of HIWAT- Nepal

SN Name Purpose
1 Map view Displays information related to weather as selected by the user
2 Base map Displays base map: can toggle between OSM and Bing map 
3 Zoom slider Provides interactive zoom control on the map; alternatively, can use the scroll wheel of a mouse
4 Search Used for the search area of interest
5 Menu bar Provides access to accumulated and hourly forecasts of weather parameters
6 Time slider Glide the bars to display information at various times; used only for hourly prediction 
7 Legend Provides range value based on the selected weather parameter; used only for hourly prediction.
8 Show/hide legend Displays the legend of the selected weather parameter
9 Opacity slider Glide to increase or decrease the opacity of the displayed information 

Table H7.1: Description of the HIWAT visualisation components
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3. Under the menu bar option, select one of the weather parameters (rainfall, 
lightning, hail threat, supercell threat). The information in the tool will be 
displayed based on the selected parameter, such as of the total accumulated 
rainfall (Figure H7.3). The associated total rainfall value will be displayed 
on the map view at the administrative level (municipality level for Nepal; 
Figure H7.4).

4. Click on the down arrowhead for displaying the legend for predicting the 
Total accumulated Rainfall (Figure H7.4).

5. Glide the opacity slider below your selected parameter to increase or 
decrease the opacity of the displayed information (Figure H7.4). Lowering 
the opacity value will help to display the base map information. 

6. Select the Municipality Labels (for the Nepal tool) under the Hourly prediction section for displaying the 
name of the municipality in the map area (Figure H7.6).

7. You can use the zoom button or the mouse scroll wheel to zoom in and out of the map; you can also enter the 
desired location name in the Search bar to directly zoom into the area of interest (Figure H7.7). Clicking on 
the administrative division will display all the weather parameters of that administrative area. 

Figure H7.4:  54-hour outlook

Figure H7.5:  Opacity slider allows users to increase or decrease the opacity

Before (100% opacity) After (50% opacity)

Figure H7.3:  54-hour outlook window
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Figure H7.6:  Select municipality labels

Figure H7.7:  Entering the desired location name in the search bar to directly zoom into the area of interest



USING EARTH OBSERVATION AND GEOSPATIAL APPLICATIONS FOR DISASTER PREPAREDNESS IN NEPAL    105

7.4 Hourly prediction
This menu provides hourly information for the next 54 hours at the administrative level. Use a time slider to 
view the information at various time frames.

Steps 

1. Select (checkmark) one of the weather parameters (rainfall, lightning, 
hail threat, supercell threat). The information in the tool will be displayed 
based on the selected parameter. Figure H7.8  shows an example of 
predicting 1-hour accumulated rainfall. The associated 1-hour rainfall 
value will be displayed on the map.

2. Click on the down arrowhead for displaying the legend for predicting 
1-hour accumulated rainfall (Figure H7.9).

Before (100% opacity) After (50% opacity)

Figure H7.10:  54-hour outlook

Figure H7.9:  Hourly prediction

Figure H7.8:  Hourly prediction window
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Figure H7.11:  Hourly prediction

3. Slide the opacity slider below your selected parameter to increase or decrease the opacity of the information 
(Figure H7.10). Lowering the opacity value will help to display the base map information.

4. Select the Municipality Labels (for the Nepal tool) under the Hourly prediction section for displaying the 
name of the municipality in the map area (Figure H7.11).

5. Users can use the zoom button or the mouse scroll wheel to zoom in and out of the map; you can also enter 
the desired location name in the Search bar to directly zoom into the area of interest (Figure H7.12).

6. Click on the date and time (Figure H7.13, pointer a) bar in the time slider to toggle between local time and 
GMT. Use the buttons (Figure H7.13, pointer b) to move the rainfall values one step forward or backward. 
Click the play button to animate the result for each time step. The slider (Figure H7.13, pointer c) can also be 
used to move the time frame to view the forecast information.

Figure H7.12: Users can enter the desired location name in the Search bar to directly zoom into the area of interest  

cab

Figure H7.13:  Time slider
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HANDS-ON EXERCISE 8 
Flash Flood Prediction Tool-Nepal and 

interpretation of flood forecasts 

8.1 Interface
The FFPT is comprehensive and easy to use and attempts to assist the skilled planner. The tool is customised 
for Nepal and covers almost all the rivers within the country and the upstream transboundary rivers. The tool is 
developed on the Tethys platform – an open-source web-GIS suite developed by BYU. These tools are regularly 
updated and customised to cater to stakeholder requirements. No registration is required to access and use the 
tool.

The system is dynamic and interactive. The users have the option to select various base layers – base map, river 
network, and district layer. The river section is colour coded to represent different return periods. Upon clicking 
on the desired river section, the tools display the forecasted discharge for the next 54 hours. The tool is intended 
only for smaller rivers that are dry during the non-monsoon seasons. This tool is not suitable for perennial 
rivers. The tool also provides long-term historical discharge data based on ERA-Interim data. Both forecasted 
and historical data are downloadable for further analysis by the user. The user also has the option to search for 
the desired area of interest by either using the location or the river name. These tools can be used as part of a 
decision-support system for flood forecasting for smaller rivers. 

These tools run on the SERVIR Operational Cluster Resource for Applications – Terabytes for Earth Science 
(SOCRATES) platform during the pre-monsoon and monsoon seasons from March to September every year. 
More information on the tool can be acquired from this link: https://servir.icimod.org/science-applications/
flash-flood-prediction-tool-nepal/
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8.2 Overview of the tool

8.3 Exploring the Flash Flood Prediction Tool 
1. Copy and paste the following URL on your web browser to visit the tool: 

http://tethys.icimod.org/apps/flashfloodnp/

2. A web-based tool will appear (Figure H8.2). Please refer to Figure H8.1, Tables H8.1 and H8.2 to learn about 
the different components of the tool.

3. Click on the layers that you wish to display in the map view on the Layers bar. You have the option to display 
the country outline, district outline, river names, names of hydrological stations operated by the Department 
of Hydrology and Meteorology (DHM), and the river network. The layers will help you identify your desired 
area of interest.

1 2

5

3

4

6

Figure H8.1: Flash Flood Prediction Tool – Nepal

SN Name Purpose

1 Map view Displays information related to weather as 
selected by the user

2 Base map Displays base map: users can toggle between 
OSM and Bing map 

3 Zoom slider Provides interactive zoom control on the map; 
alternatively, users can use the scroll wheel of a 
mouse

4 Search Allows users to search areas of interest

5 Layers bar Controls the data being shown in the map view

6 Legend Provides colour value based on the return 
periods

Table H8.1:  Description of the different components

Colour Return period Description

Red 20-year return 
period

Water discharge may reach or cross the 
20-year return period point which has 
been calculated using historical data

Orange 10-year return 
period

Water discharge may reach or cross the 
10-year return period point which has 
been calculated using historical data

Yellow 2-year return 
period

Water discharge may reach or cross the 
2-year return period point which has 
been calculated using historical data

Blue Normal 
drainage

Water discharge is normal

Table H8.2:  Legend
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4. You can also zoom into the area of interest by selecting a district or a river 
on the Select District or the Select River drop-down menus respectively 
(Figure H8.3). 

5.  Zoom into the river of interest using the zoom slider or the mouse 
scroll wheel. You can also type in your area of interest in the search bar 
(Figure H8.4).

Figure H8.3: Select District and Select 
River drop-down menus allow users 
to select a river or district.  

Figure H8.4: The search bar allows users to type in an area of interest  

Figure H8.3:  Screenshot of web application
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6. Hover the mouse pointer over the river segment until the pointer icon changes (as shown in Figure H8.5). 
Left-click on the river segment. 

7. A new window should open displaying the information about the river segment you selected, similar to 
FigureH8.6. 

8. Selecting the corresponding tab, users can view Forecast or Historical graph. An option to Download the 
data is also available (Figure H8.7). 

 – The forecasted discharge from the previous days (up to 7 days) can be viewed by changing the dates under 
the Select Date option (Figure H8.7). 

Figure H8.5: Left-click on the river segment, once the cursor changes to to a hand icon.   

Figure H8.6: A new window opens displaying information about the selected river segment. Corresponding tabs allow users to view historical 
information and download data.
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Figure H8.7: Forecasted discharge for previous days (up to 7 days) can be viewed by changing the dates under the Select Date option  

Figure H8.8: Hover the mouse over the graphs to display the discharge value for that given time  

Figure H8.9: Tools on the top right side of the graph (a) can be used to zoom in/out or download the displayed hydrograph (b).  

a) b)

9. The Forecast tab displays the predicted streamflow information for the next 54 hours. Hover the mouse over 
the graphs to display the discharge value for that given time (Figure H8.8).

10. Once you hover the mouse over the graph, you will observe a few tools at the top right side of the graph 
(Figure 8.19a). Use the tools as required to zoom or download the displayed hydrograph (Figure H8.9b).
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Figure H8.10: The Historical tab displays the historical streamflow of the selected river segment.  

Figure H8.11:Users can download forecasted and historical discharge in a CSV file from the Download tab.    

11. The Historical tab displays the historical streamflow of the selected river segment. The streamflow value 
here is not from the measured station data; instead, the data is simulated using the ERA-Interim data routed 
through the river segments in the RAPID model (Figure H8.10). 

12. Using the Download tab, the forecasted and historical discharge can be downloaded in a CSV (comma-
separated values) format (Figure H8.11) The time zone of the downloaded data is UTC and should be 
converted to local time for further analysis.
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Figure H8.13: River segments showing various return periods  

8.4  Interpretation of results
Zoom into or search the area of your interest. Once you find the desired river section, left-click on the section 
to display the hydrograph. The X-axis and the Y-axis in the hydrograph represent the day/time and streamflow 
values for the selected river section, respectively. Here the day/time is displayed for the local time. The blue 
solid line represents the hydrograph for the next 54 hours. The horizontal sides of the yellow, red, and purple 
horizontal bars represent 2-year, 10-year, and 20-year return periods respectively, and the maximum historical 
streamflow for the river segment. These values were calculated using the ERA-Interim data on historical 
streamflow (Figure H8.12).

If the average value of the forecasted streamflow for the next 54 hours crosses a certain threshold of the return 
period, the river segment in the main map will change its colour accordingly. The corresponding change in 
colour and the return period value are shown in Table H8.2. 

Figure H8.12: The blue solid line represents the hydrograph for the next 54 hours. The horizontal sides of the yellow, red, and purple horizontal 
bars represent 2-year, 10-year, and 20-year return periods respectively, and the maximum historical streamflow for the river segment.   
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HANDS-ON EXERCISE 9 
Height above the nearest drainage 

(HAND)

9.1 Digital elevation model (DEM)
Conventional methods such as field-based elevation mapping are accurate but laborious, expensive, and time 
consuming. With the advancement of Earth observation methods, surveying an area via satellite has become 
faster and cost effective. In recent years, the use of satellite remote sensing data along with “ground truthing’’ 
– the activity of verifying RS data – has made mapping the elevation of the ground easier and more reliable. A 
digital elevation model (DEM) is one such RS product.

A DEM is a 3D representation of the ground surface of the Earth excluding trees, buildings, and any other 
surface objects. It provides information on the elevation to represent the surface. DEMs are used for landscape 
modelling, water resources modelling, land-use studies, geological applications, flood mapping, and for many 

other applications.  Figure H9.1 DEM of Bagmati province, Nepal

There are three similar types of elevation models such as digital elevation model (DEM), digital terrain model 
(DTM), and digital surface model (DSM). DEM is a subset of DTM, which also represents other morphological 
elements.  

Figure H9.1: DEM of Bagmati province, Nepal
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Uses of DEM 

DEM can be used for many different models and data analysis methods. In present times, DEM is primarily used 
for the following applications or models: 

 y Extracting terrain parameters for slope, aspect, and topographic relief or for hill-shade maps.  

 y Rendering for 3D visualisations. 

 y Detecting in terms of flow direction the steepest descent surface and delineating watershed area.

 y Determining the drainage networks and the associated drainage divides of an area. 

 y Measuring inundated areas, inundation depth, and the height above the nearest drainage (HAND).

9.2 Calculating HAND
Flood mapping provides communities with valuable and useable information that can be availed to understand 
the potential risks associated with flood inundation. A HAND map is produced using a DEM by normalising 
it against the nearest drainage. It contains the vertical distance between a location and its nearest stream. To 
develop a HAND map, DEM and river networks are essential. This map can quickly provide information on 
flood inundation in the absence of a detailed hydrodynamic model. A HAND map can show areas that could 
potentially be flooded in case there is an increase in water level in the nearby river. The reliability quotient of the 
map is directly connected with the resolution of DEM in terms of the degree of details in the elevation map. 

5 5 5 5 4 4 4

5 5 5 4 4 4 3

5 5 4 4 3 3 1

5 4 4 3 3 1 1

4 4 3 3 2 2 1

4 3 3 2 2 1 1

3 3 2 2 1 1 1

44 43 44 47 50 56 58
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Figure H9.2: Method for calculating the height above the nearest drainage (Source: https://doi.org/10.1016/j.gsd.2019.100256)
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9.3 Creating a HAND flood map using QGIS
 y To connect to your input data folder (that you are going to 

analyse in QGIS), go to the Browser Panel and navigate to 
the respective drive and folder.

 y In this case, Training_Resources\Hands_on_9 (Figure 
H9.4). 

 y Double-click on the file name HAND_Bagmati.tif (Figure 
H9.4).

 y You will observe that the raster layer is added in the 
Layers Panel and is displayed in the map view region 
(Figure H9.5).

 y Open the Kathmandu_boundary.shp file from Training_
Resources\Hands_on_9 using the Browser Panel.

 y Click on →Raster → Extraction → Clip Raster by Mask 
Layer (Chapter 2; Figure 2.11). 

 y A Clip Raster by Mask Layer window opens (Figure H9.6).

Figure H9.3 HAND map of Dhangadhi sub-metropolitan city

Figure H9.4: Adding HAND layer
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 y Select the HAND_Bagmati file as 
the Input Layer.

 y Select Kathmandu_boundary.
shp as Mask Layer.

 y Scroll down, and under the 
Clipped (mask) option, click on 
the ellipsis and select Save to file 
(Figure H9.6).

 y Navigate to the output folder 
and name your output file as 
Clipped_HAND.

 y Run the analysis. 

You will observe that the clipped 
HAND Layer for Kathmandu district 
is added to your map window (Figure 
H9.7). 

Change the symbology as shown in 
Figure H9.7 and analyse your results.

Figure H9.5:  HAND layer for Bagmati province

Figure H9.6:  Extracting HAND for Kathmandu
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Figure H9.7:  Extracting HAND details for Kathmandu district

Elevation

HAND 



About SERVIR
A joint initiative of NASA, USAID, and leading geospatial organisations in Asia, Africa, and Latin America, 
SERVIR partners with countries in these regions to address critical challenges in climate change, food security, 
water and related disasters, land use, and air quality. Using satellite data and geospatial technology, SERVIR co-
develops innovative solutions through a network of regional hubs to improve resilience and sustainable resource 
management at local, national and regional scales.

ICIMOD implements the SERVIR Hindu Kush Himalaya (SERVIR-HKH) Initiative – one of five regional hubs 
of the SERVIR network – in its Regional Member Countries, prioritizing activities in Afghanistan, Bangladesh, 
Myanmar, Nepal and Pakistan.

For more, please visit servir.icimod.org or write to servirhkh@icimod.org.

About ICIMOD
The International Centre for Integrated Mountain Development (ICIMOD), is a regional knowledge development 
and learning centre serving the eightregional member countries of the Hindu Kush Himalaya – Afghanistan, 
Bangladesh, Bhutan, China, India, Myanmar, Nepal, and Pakistan – and based in Kathmandu, Nepal. 
Globalisation and climate change have an increasing influence on the stability of fragile mountain ecosystems 
and the livelihoods of mountain people. ICIMOD aims to assist mountain people to understand these changes, 
adapt to them, and make the most of new opportunities, while addressing upstream-downstream issues. We 
support regional transboundary programmes through partnership with

regional partner institutions, facilitate the exchange of experience, and serve as a regional knowledge hub. We 
strengthen networking among regional and global centres of excellence. Overall, we are working to develop an 
economically and environmentally sound mountain ecosystem to improve the living standards of mountain 
populations and to sustain vital ecosystem services for the billions of people living downstream – now, and for 
the future. 
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