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Disasters don’t just “happen 
somewhere else, to someone else”. 
Disaster risk is a serious threat to 
humanity and environment, and the 
impacts are felt equally in Uganda 
and in our city, Kampala. 

 Kampala is affected by risks and 
disasters due to the increasing 
urbanization that attracts a large 
number of people especially from 
the rural country side. 

It’s critical that Kampala takes 
critical steps in preparing 
communities to mitigate and 
manage disasters. 
This can be achieved in gaining a 
good understanding of risks and 
disasters that the city faces in line 
with priority one of the Sendai 
framework, 2015-2030 that Uganda 
is currently committed to implement 
at local level.

At national level, the national policy 
for disaster preparedness and 

Foreword

Management, 2010 gives guidance 
to cities like Kampala to manage 
disaster risk better. The Multi 
Hazard Risk and Vulnerability profile 
(MHRVP) for Kampala is therefore a 
welcome initiative that will not only 
help Kampala but also Uganda to 
achieve its targets and contribute to 
the global phenomenon.
Uganda is currently in steps to 
switch from disaster management 
to managing disaster risk. The 
MHRVP defines the actions that can 
be taken when government at both 
national and sub national level work 
together to reduce disaster risk. 

A resilient and sustainable Kampala 
city is key to the attainment of 
Uganda’s aspirations in the vision 
2040.
I therefore call upon all stakeholders 
at all levels to take part in managing 
disaster risk and make Kampala a 
vibrant, attractive and sustainable 
city.

BETI KAMYA TURWOMWE, 
Minister for Kampala and 
Metropolitan Affairs.

MINISTER FOR KAMPALA AND METROPOLITAN AFFAIRS.

A resilient and 
sustainable 
Kampala city is key 
to the attainment of 
Uganda’s aspirations 
in the vision 2040.
I therefore call upon 
all stakeholders at 
all levels to take 
part in managing 
disaster risk and 
make Kampala a 
vibrant, attractive and 
sustainable city.
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Kampala city is experiencing 
rapid urbanization growth at 5.6% 
per annum. The growth is largely 
influenced by increasing rural-urban 
migration resulting in increased 
significant social, economic and 
environmental challenges that are 
threatening our sustainability as a 
city. 

As we continue to grow, we 
need to ensure that our city and 
communities are prepared, able 
to cope and manage various risks 
and disasters that urbanization 
presents. Kampala city has had 
the opportunity to understand its 
risks and hazards better, and also 
to learn from the past disasters 
including flooding, human disease 
outbreaks, man-made fires, 
accidents and crime among others.

Foreword
FROM THE LORD MAYOR OF KAMPALA CITY

This Multi Hazard Risk and 
Vulnerability Profile for Kampala city 
gives us the opportunity therefore 
to understand risks and hazards 
that our communities and city 
faces. The coping mechanisms, as 
well as proposed actions to reduce 
vulnerability of our communities 
highlighted in this profile will guide 
the planning process and priority 
setting for our city. We are all 
affected, and can be part of the 
solution. 

I therefore have no doubt this 
agenda will enhance the capacity 
and resilience of our city to deal 
with all disasters. It’s my humble 
appeal to call upon and encourage 
all citizens in Kampala at all levels 
to take action on reducing and 
managing disaster risk. 

ERIAS LUKWAGO, 
Lord Mayor, Kampala City.

This Multi Hazard 
Risk and Vulnerability 
Profile for Kampala 
city gives us the 
opportunity therefore 
to understand risks 
and hazards that our 
communities and city 
faces. 
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Perhaps to lay people, it is a truism 
to say that all life is full of risk. 
Along the way we encounter many 
uncalculated outcomes, some 
happy and others adverse. It is often 
difficult to know which adverse 
events will prove permanently 
disadvantageous, since some will 
lead to innovation and a safer future. 
Risk in our context is a way of 
describing the probability and 
consequences of a disaster. 
Kampala is currently, experiencing 
increasing risk of disasters driven 
by the rapid urbanization. This has 
affected negatively our communities 
and their property. Some of the key 
risks and hazards experienced at 
city level include; flooding, disease 
outbreaks, man-made fires and 
environmental degradation among 
others.  
As a city, we are continuously 
taking actions to manage disaster 
risk. Actions being taken include;  

Foreword
FROM THE EXECUTIVE DIRECTOR OF KAMPALA CAPITAL CITY AUTHORITY

We request all 
stakeholders 
(private and Public) 
to collaborate with 
KCCA in reducing 
disaster risk in 
Kampala.

Road and drainage infrastructure 
improvements and upgrades, 
Reconstruction of health centres, 
Enforcement of development control 
and approval of plans, Implementing 
the Kampala Climate Change 
action plan, coordinating with other 
government Ministries, Departments 
and Agencies as well as partners in 
preparing, responding and building 
back better our communities. 

This multi hazard risk and 
vulnerability profile is a mechanism 
through which we can understand 
disaster risk better. This profile 
will guide mainstreaming of risk 
into development planning and in 
implementation of projects and 
programmes in Kampala.

We request all stakeholders (private 
and Public) to collaborate with 
KCCA in reducing disaster risk in 
Kampala.

J SEMAKULA MUSISI, 
PhD (h.c), Executive Director, KCCA
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Adaptation costs: Cost of planning, 
preparing for, facilitating and 
implementing adaptation measures, 
including transaction costs (IPCC, 
2007).

Adaptive capacity: The ability of a 
system to adjust to climate change, 
to moderate potential damages, to 
take advantage of opportunities, 
or to cope with the consequences 
that cannot be avoided or reduced 
(IPCC, 2007). The combination 
of the strengths, attributes, and 
resources available to an individual, 
community, society, or organization 
that can be used to prepare for and 
undertake actions to reduce adverse 
impacts, moderate harm, or exploit 
beneficial opportunities (IPCC, 
2012).

Annual Average Loss (AAL)   – 
the long-term expected loss per 
year, averaged over many years. 
While there may actually be little 
or no losses, over a short period 
of time, the AAL accounts much 
larger losses that may occur more 
infrequently. In other words, it is the 
weighted average of expected loss 
from every event conditioned on 
the annual probability of each loss’s 
occurrence.  

Capacity building: In the context of 
climate change, capacity building 
is developing the technical skills 
and institutional capabilities 
in developing countries and 
economies in transition to enable 
their participation in all aspects of 
adaptation to, mitigation of, and 
research on climate change, and 
in the implementation of the Kyoto 
Mechanisms, etc. (IPCC, 2007).

Climate adaptation: Adjustment 
in natural or human systems in 
response to actual or expected 
climatic stimuli or their effects, 
which moderates harm or exploits 
beneficial opportunities (IPCC, 2007)

Key Terminologies Used
Climate change impacts: The 
effects of climate change on natural 
and human systems. Depending on 
the consideration of adaptation, one 
can distinguish between potential 
impacts and residual impacts: 
Departures from long-term averages 
or trends over seasons or a few 
years (CARICOM, 2003).

Climate change: Climate change 
refers to a statistically significant 
variation either, the mean state 
of the climate or in its variability, 
persisting for an extended period 
(typically decades or longer). 
Climate change also refers to a 
change in the state of the climate 
that can be identified (e.g., by using 
statistical tests) by changes in the 
mean and/or the variability of its 
properties, and that persists for an 
extended period, typically decades 
or longer. Climate change may be 
due to natural internal processes 
or external forces or to persistent 
anthropogenic changes in the 
composition of the atmosphere or in 
land use (IPCC, 2007). 

Climate influenced: Decisions 
whose outcomes could be affected 
directly or indirectly by climate 
variability and climate change, but 
where climate variability and climate 
change are both included within a 
wider group of important factors. 
The degree of importance of climate 
variability and climate change may 
vary from negligible to moderate, in 
which case some climate adaptation 
may be appropriate (Adapted from 
Willows and Connell, 2003).

Climate variability: Variations in 
the mean state and other statistics 
(such as standard deviations, the 
occurrence of extremes, etc.) of the 
climate on all temporal and spatial 
scales beyond that of individual 
weather events (IPCC, 2007). 

Climatological or Meteorological 
Atmospheric hazards are those 
that result from the operation of 
the Earth’s climate system.  They 
are driven primarily by energy 
from the Sun and include tropical 
storms, thunderstorms, tornadoes, 
snowstorms and cold spells, 
windstorms, sandstorms, droughts 
and floods, and associated 
phenomena such as lightning, 
strong winds, heavy rain, hail and 
fog.  Damage is generally on a 
local or regional scale and related 
to infrastructural impacts, fires, 
landslides, flooding, and associated 
hazards such as contamination 
or depletion of water resources, 
agricultural losses, disease, famine, 
injury and death.

Cost-benefit analysis (CBA): The 
rigorous and consistent appraisal 
of the merits associated with each 
option by quantifying in monetary 
terms as many costs and benefits 
as possible, including items for 
which the market does not provide 
a satisfactory measure of value 
(Willows and Connell, 2003).

Critical Structures or Essential 
Facilities  – structures whose 
ongoing performance in the event 
of an emergency is essential to the 
recovery and rehabilitation of an 
affected region

Damages: Damage represents 
the total or partial destruction 
of physical assets, such as 
infrastructure, buildings, furniture 
and equipment. Damage occurs 
at the time of the disaster, and 
measured at replacement value. 

Danger (Threat): Natural 
phenomenon that could lead 
to damage, described by 
geometry, mechanical and other 
characteristics. Description of a 
threat involves no forecasting. 

Disaster Loss Database – loss and 
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damage databases track impacts 
of hazard events over time. Losses 
and damages recorded across a 
number of parameters typically 
including deaths, economic losses, 
and physical damages and losses 
in each affected sector (housing, 
infrastructure, etc.). Over time, 
the accumulated data provides 
information on cumulative loss and 
damage, its geographic distribution, 
the main hazards, the types of 
loss and damage that occur, and 
temporal trends (disaster loss 
accounting).

Disaster Risk  – a multiplicative 
function of hazard, exposure and 
vulnerability that provides an 
estimate of potential disaster losses, 
in lives, assets, etc.

Disaster risk management 
(DRM): The systematic process 
of using administrative decisions, 
organization, operational skills and 
capacities to implement policies, 
strategies and coping capacities 
of the society and communities 
to lessen the impacts of natural 
hazards and related environmental 
and technological disasters. This 
comprises all forms of activities, 
including structural and non-
structural measures to avoid 
(prevention) or to limit (mitigation 
and preparedness) adverse effects 
of hazards (UNEP, 2008).

Disaster risk reduction (DRR): The 
conceptual framework of elements 
considered with the possibilities to 
minimize vulnerabilities and disaster 
risks throughout a society, to avoid 
(prevention) or to limit (mitigation 
and preparedness) the adverse 
impacts of hazards, within the broad 
context of sustainable development 
(UNEP, 2008).

Drought: The phenomenon that 
exists when precipitation has been 
significantly below normal recorded 
levels, causing serious hydrological 
imbalances that adversely affect 

land resource production systems.

Ecological/ Biological hazards – 
These are essentially controlled 
by solar energy since the spread 
and impact of these hazards is 
influenced by the local and regional 
conditions, which include climate 
and the availability of food and 
other resources for their continued 
existence.  They include pests (the 
invasion of areas by insects, rodents 
and plants, the associated hazards 
of our attempts to eradicate or 
control them), and environmental 
diseases (endemic parasites, 
infectious diseases, epidemics.

El Niño: El Niño, in its original 
sense, is warm water current that 
periodically flows along the coast 
of Ecuador and Peru, disrupting the 
local fishery. This oceanic event is 
associated with a fluctuation of inter 
tropical surface pressure pattern 
and circulation in the Indian and 
Pacific Oceans, called the Southern 
Oscillation. This atmosphere-
ocean phenomenon is known as 
El Niño Southern Oscillation, or 
ENSO. During an El Niño event, 
the prevailing trade winds weaken 
and the equatorial countercurrent 
strengthens, causing warm surface 
waters in the Indonesian area to 
flow eastward to overlie the cold 
waters of the Peru Current. This 
event has great impact on the 
wind, sea surface temperature, and 
precipitation patterns in the tropical 
Pacific. It has climatic effects 
throughout the Pacific region and 
in many other parts of the world. 
The opposite of an El Niño event is 
called La Niña.

Exposure: The assessment of 
exposure of people, assets and the 
environment to a certain hazard 
involves assessing current and 
future socio-economic, land use and 
other trends.

According to World Bank, Exposure 
refers to the nature and degree 
to which a system is exposed to 

significant climatic variations.  
Exposure is determined by the 
type, magnitude, timing and speed 
of climate events and variation to 
which a system is exposed (e.g. 
changing onset of the rainy season 
or minimum winter temperatures, 
floods, storms, heat waves) (World 
Bank, 2009)

Flood: An overflowing of a large 
amount of water beyond its normal 
confines.

Food insecurity: A situation that 
exists when people lack secure 
access to sufficient amounts of 
safe and nutritious food for normal 
growth and development and 
an active and healthy life. It may 
be caused by the unavailability 
of food, insufficient purchasing 
power, inappropriate distribution, 
or inadequate use of food at the 
household level. Food insecurity 
may be chronic, seasonal, or 
transitory.

Geological hazards are of two 
main types: those that result from 
Earth’s internal (tectonic) processes 
and those arising from Earth 
surface (geomorphic) processes, 
the processes that sculpt the 
landscape. The group, which 
includes earthquakes, tsunamis 
and volcanic eruptions, are a 
consequence of tectonic processes 
and generally occur along plate 
boundaries.  Damage is generally on 
a local or regional scale and related 
to building collapse, fires, landslides 
and subsidence, tsunamis, flooding, 
the release of poisonous gases, 
and associated hazards such as 
contamination or depletion of water 
resources, disease, famine, injury 
and death.  In addition, volcanic 
activity may also result in regional 
and global climate changes.

Hazard: A physically defined source 
of potential harm, or a situation 
with a potential for causing harm, in 
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terms of human injury; damage to 
health, property, the environment, 
and other things of value; or some 
combination of these (CARICOM, 
2003). According to UNISDR, 
Hazard is a potentially damaging 
physical event, phenomenon or 
human activity/decision type 
that may cause the loss of life or 
injury, property damage, social 
and economic disruption or 
environmental degradation (UNISDR, 
2004).

High frequency, low impact events 
– every day, chronic risk, such as 
floods (extensive risk)
High Impact, low frequency events 
– rare events that generally have the 
potential to impact many assets at 
once, such as “Black Swan” events. 
There is little real-world operational 
experience with addressing these 
risks (intensive risk)

Impact assessment: The practice 
of identifying and evaluating, in 
monetary and/or non-monetary 
terms, the effects of climate change 
on natural and human systems 
(Adapted from IPCC, 2007).

Impact: Consequences of climate 
change on natural and human 
systems.

Loss Exceedance Probability (EP) 
Curve  – defines the probability of 
various levels of potential loss for an 
asset or a portfolio of assets at risk 
from a hazard or a combination of 
hazards.

Losses: Losses are changes in 
economic flows that arise from 
damage. They include declines in 
production and sales or increased 
production costs; lower revenues 
and higher production costs in 
the provision of services; and 
increased expenditures arising from 
the disaster. They occur after the 
disaster and over a relatively long 
period until full reconstruction and 

recovery have been attained. 

Mitigation: In the context of risk 
management, any action to reduce 
the probability and magnitude 
of unwanted consequences. 
Adaptation to climate change is 
a strategy undertaken to mitigate 
the risk associated with future 
changes in climate. However, in 
climate change policy, mitigation 
refers specifically to the reduction 
in greenhouse gas emissions, which 
is an example of risk management 
(Adapted from Willows and Connell, 
2003).

Potential impacts: all impacts that 
may occur given a projected change 
in climate, without considering 
adaptation. 

Natural hazard: Natural process or 
phenomenon that may cause loss of 
life, injury or other health impacts, 
property damage, loss of livelihoods 
and services, social and economic 
disruption, or environmental 
damage. Natural hazards are a sub-
set of all hazards. The term is used 
to describe actual hazard events as 
well as the latent hazard conditions 
that may give rise to future 
events. Natural hazard events are 
characterized by their magnitude or 
intensity, speed of onset, duration, 
and area of extent. For example, 
earthquakes have short durations 
and usually affect a relatively small 
region, whereas droughts are slow 
to develop and fade away and 
often affect large regions. In some 
cases, hazards may be coupled, as 
in the flood caused by a hurricane 
or the tsunami that is created by an 
earthquake.

Pollution is the introduction of 
contaminants into the natural 
environment that cause adverse 
change. Pollution can take the 

form of chemical substances or 
energy, such as noise, heat or 
light. Pollutants, the components 
of pollution, can be either foreign 
substances/energies or naturally 
occurring contaminants. Pollution 
is often classed as point source or 
nonpoint source pollution.

Probabilistic Risk Assessment – 
uses a combination of probabilistic 
hazard scenarios, exposure and 
vulnerability, which is produced 
through modeling. 

Probable Maximum Loss (PML) – 
is the value of the largest loss that 
could result from a disaster in a 
defined return period such as 1 in 
100 years.

Residual impacts: the impacts of 
climate change that would occur 
after adaptation. See also aggregate 
impacts, market impacts, and non-
market impacts (IPCC, 2007).

Residual risk: The risk that remains 
after all control and attenuation 
strategies have been applied 
(CARICOM, 2003).

Resilience: The ability of a system 
and its component parts to 
anticipate, absorb, accommodate, 
or recover from the effects of 
a hazardous event in a timely 
and efficient manner, including 
through ensuring the preservation, 
restoration, or improvement of 
its essential basic structures and 
functions (IPCC, 2012). 

Return Period  – is an estimate of the 
frequency (in years) that a portfolio 
will sustain a loss of a particular 
size.  It is an inverse of a probability 
estimate where for example a loss 
exceeding a probability of 1% (i.e. 
1/100) would be represented as a 
100-year return period.
Risk assessment: This is a 
methodology to determine the 
nature and extent of risk by 
analyzing potential hazards, 
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evaluating existing conditions of 
vulnerability, which could pose a 
potential threat or harm to people, 
property, livelihoods and the 
environment on which they depend, 
assessing the likelihoods and 
severities of impacts, and assessing 
the significance of the risk [...] 
(UNISDR, 2004 and Willows and 
Connell, 2003).

Risk management: The systematic 
application of policies, procedures 
and practices undertaken in order 
to analyze, evaluate, control 
and communicate about risks 
(CARICOM, 2003).

Risk: Measure of probability and 
severity of an adverse effect to life, 
health, property, or the environment. 
Mathematically, risk is defined as 
Risk = Hazard x Potential worth 
of loss, also often written as Risk 
= Hazard x Elements at risk x 
Vulnerability. Risk is also defined 
as a combination of the chance or 
probability of an event occurring, 
and the impact or consequences 
associated with that event (Willows 
and Connell, 2003).

Scenario: A coherent, internally 
consistent and plausible description 
of a possible future state of the 
world, usually based on specific 
assumptions (Willows and Connell, 
2003)

Semi-arid: Ecosystems that have 
more than 250 mm precipitation per 
year but are not highly productive; 
usually classified as rangelands.

Sensitivity: The degree to which 
a system is affected, adversely 
or beneficially, by either climate 
variability or change. The effect may 
be direct (e.g. a change in crop yield 
in response to a change in the mean, 
range or variability of temperature) 
or indirect (e.g. damages caused 
by an increase in the frequency of 
coastal flooding due to sea level 
rise) (IPCC, 2007).

A slum is a heavily populated urban 

informal settlement characterized 
by substandard housing and 
squalor. While slums differ in size 
and other characteristics, most lack 
reliable sanitation services, supply 
of clean water, reliable electricity, 
law enforcement and other basic 
services.

Stakeholders: Any persons who 
have an interest or investment 
in a particular decision, either as 
individuals or as representatives 
of a group; this includes those can 
influence or make a decision as well 
as those affected by it.

Susceptibility: The degree to which 
a system is vulnerable to, or unable 
to cope with, adverse effects of 
climate change, including climate 
variability and extremes.

Technological Hazards: The 
UNISDR definition of technological 
hazards refers to hazards that 
stem from technological or 
industrial conditions. This includes 
accidents, dangerous procedures, 
infrastructure deficiencies, and 
specific human activities that can 
cause death, injury, disease, or other 
health impacts, as well as jeopardize 
property, livelihood, and services, 
provoke social or economic disorder, 
and cause environmental damage.

Uncertainty: An expression of the 
degree to which a value (e.g., the 
future state of the climate system) 
is unknown. Uncertainty can result 
from lack of information or from 
disagreement about what is known 
or even knowable. It may have many 
types of sources, from quantifiable 
errors in the data to ambiguously 
defined concepts or terminology, 
or uncertain projections of human 
behavior. Uncertainty can therefore 
be represented by quantitative 
measures, for example, a range of 

values calculated by various models, 
or by qualitative statements, for 
example, reflecting the judgement of 
a team of experts (IPCC, 2007).

Vulnerability assessment: Identifies 
who and what is exposed and 
sensitive to change. (Adapted from 
Tompkins et al., 2005 In Levina and 
Tirpak, 2006).

Vulnerability: The degree of loss 
to a given element at risk or set of 
elements at risk resulting from the 
occurrence of a natural phenomenon 
of a given magnitude and expressed 
on a scale from 0 (no damage) to 1 
(total damage)” (UNDRO, 1991). It 
can be understood as the conditions 
determined by physical, social, 
economic and environmental factors 
or processes, which increase the 
susceptibility of community to the 
impact of hazards “(UNISDR, 2004). 
According to IPCC, Vulnerability 
is the degree to which a system is 
susceptible to, and unable to cope 
with, adverse effects of climate 
change, including climate variability 
and extremes. Vulnerability is a 
function of the character, magnitude, 
and rate of climate change and 
variation to which a system is 
exposed, its sensitivity, and its 
adaptive capacity (IPCC, 2007).

Weather: The day-to-day state of the 
atmosphere in the short term, over a 
particular place, usually concerning 
temperature, air pressure, humidity, 
wind, precipitation, etc. Climate in 
a narrow sense is usually defined 
as the “average weather”. The US 
Environmental Protection Agency 
differentiates these by noting that, 
roughly, ‘climate’ is what you expect 
and ‘weather’ is what you get 
(Adapted from EPA, 2012).

BACKGROUND TO RISK 
ASSESSMENT IN KAMPALA 
CITY
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Kampala City in Uganda has over the past years experienced frequent disasters that range from floods, human 
epidemics, man-made fires, crime and other hazards which in many instances resulted in deaths, property 
damage and losses of livelihood. With the increasing negative effects of hazards that accompany population 
growth, development and climate change, public awareness and pro-active engagement of the whole spectrum of 
stakeholders in disaster risk reduction, are becoming critical.

The Government of Uganda is moving the disaster management paradigm from the traditional emergency response 
focus towards managing disaster risk. Contributing to the evidence base for Disaster and Climate Risk Reduction 
action, Kampala is compiling a Multi hazard, risk and vulnerability profile to guide mainstreaming of disaster and 
climate risk management in development planning and contingency planning at local levels.

OBJECTIVES AND SCOPE OF THE STUDY

The main objective of the study was to develop Multi-hazard, Risk and Vulnerability Profile for Kampala Capital City, 
Central Uganda.

Through UNDP’s Project: “Strengthening Capacities for Disaster Risk Management and Resilience Building” the 
scope of work entailed the following:

Collection of field data using GIS in close collaboration and coordination with OPM and Kampala city.  

Analysis of field data and development of hazard maps accompanied by a narrative that lists relevant events of 
their occurrence. Implications of hazards in terms of their effects on stakeholders with the vulnerability analysis 
summarizing the distribution of hazards in the city and exposure to multi-hazards in sub-counties.

Generating complete HRV profiles and maps and developing a database for all the GIS data showing disaggregated 
hazard risk and vulnerability profiles to OPM and UNDP. The study revealed that Kampala city is prone to four 
categories of hazardsi.e.Geomorphological or Geological hazards including soil erosion, rock falls, and earth quakes.

• Climatological or Meteorological hazards including floods, dry spells, hailstorms, strong winds and lightening.
• Ecological or Biological hazards including plant pests and diseases, livestock parasites, vectors and diseases, 
human epidemic diseases, vermin and invasive species.
• Human induced or Technological hazards including infrastructure fires, technological failures/ accidents, land 
conflicts, environmental degradation, air pollution, water pollution , noise pollution and crimes.

Geological hazards:

Executive Summary
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1.1.1 EARTHQUAKES HAZARD ASSESSMENT AND 
MAPPING

The earthquake hazard was assessed using the OpenQuake modeling engine. This involved building a catalogue 
from instrumental seismic data with a unified magnitude that provides information on the location and frequency 
of earthquake occurrence during the past years and delineating seismic source zones based on geological 
and seismological evidence (faults and lithological veins).The results showed that Kampala city is almost in the 
middle of both western branch and Eastern Branch of the EARS which experiences earth tremors though minor 
with non-significant damage. However, this assessment was limited by lack of an operational seismographic 
station in the City. Therefore, assessment had to rely on the regional seismographic data from the four seismic 
stations in the country.

It is recommended that this seismic source zonation can be improved by supplementing the area sources used 
in this study with fault sources. An effective earthquake disaster mitigation strategy requires that base maps of 
known faults must be compiled, and efforts to detect possible unknown faults be made using Paleoseismology.

1.1.2 SOIL EROSION HAZARD ASSESSMENT AND   
MAPPING

The Soil erosion Hazard Assessment and Mapping method used was a combination of participatory mapping 
through FGDs and spatial multi-criteria analysis (SMCA) which employed a semi- quantitative soil erosion 
susceptibility index approach. The results showed that soil erosion is a common occurrence in Kampala city 
during the rainy seasons. 

In Kawempe Division, areas susceptible to soil erosion include Kanyanya, Kazo – Angola (Jackana road) and 
Bwaise III, Kisalosalo zone in Kyebando ward, Kakungulu zone in Kawempe II and Kilokole zone in Kawempe I, 
Kanyanya ward, Butakabukilwa zone in Mulago I, Upper Nsooba zone in Mulago III, and Kiganda zone Kawempe 
I. In Makindye Division, most prone areas include Salama, Buziga, Lukuli, Luwafu, Muyenga, Kasanga and 
Bukasa. In Nakawa Division, most prone areas include Kinawataka, Bukoto and Ntinda. In Lubaga Division, most 
prone areas include hilly areas of Mutundwe, parts of Kasubi, Namungona and Nakulabye. In Central Division, 
most prone areas include Kisenyi I, Kisenyi II, Kisenyi III, Kagugube, Bukesa, Kamwokya I, Kamwokya II, Kololo II 
wards.

1.1.3 STORMS HAZARD ASSESSMENT AND MAPPING

The storms (Hailstorms, windstorm and lightening) assessment employed a combination of participatory mapping 
and spatial analysis in a GIS environment. To characterize and map Storms hazards, wind speed modeling 
approach developed by Morjani (2011) which consists of a two-step process: Step 1: To estimate the annual 
maximum daily mean wind speed for 10 years return period. At this step, meteorological data (Wind speed and 
humidity) downloaded from Global Weather Dataset (https://globalweather.tamu.edu/) for hypothetical weather 
stations were analyzed and the frequency analysis carried out. Step 2: To map out the spatial distribution of wind 
speed intensity by conducting a stepwise regression analysis.

The field visits were carried out to enhance identification and mapping of locations where incidences like 
hailstorms, strong winds and lightening have occurred, using a handheld Spectra precision Global Positioning 
System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities captured included: hazard 
location, (Division and Ward), extent of the hazard, height above sea level, topography, neighboring land use, 
information on the period of occurrence, and to evaluate different characteristics that could have led to storms.

Key findings from Participatory mapping indicated that Kampala city experiences hailstorms usually at the onset 
of rainy seasons with areas around the Lake Victoria shore in Makindye and Nakawa Divison being most affected.

Strong winds were also recorded in areas surrounding Murchison Bay along Lake Victoria shoreline in Makindye 
Division with damages ranging from destruction of crops to destruction of property. Incidences of lightening 
during rainy seasons was recorded for areas surrounding Murchison Bay along Lake Victoria in Makindye Division 
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targeting mostly trees.

Storms spatial analysis considering a 10 year return period, revealed that 45.5% of the city is affected by 
Light breeze with wind speed ranging between (2.7-3.6) while 24% of the total area of the city is affected by 
Moderate breeze with wind speed ranging between (7.2-8). Areas in Makindye Division in Ggaba, Buziga and 
Salaama and Nakawa Division in areas of Luzira and Luzira prisons are affected by Moderate breeze. Areas of 
Kawempe, Lubaga and Centrak Division are affected by Light breeze.

1.1 CLIMATOLOGICAL AND METEOROLOGICAL HAZARDS

1.1.1 DRY SPELLS HAZARD ASSESSMENT AND MAPPING

Standard Precipitation Index (SPI) was used to map out the drought susceptibility (McKee, 1993; Edwards, 
1997).

Dry spells hazard analysis indicated that the values of SPI computed for the years 2010 to 2014 ranged 
between 0 to -0.1 in most of the months. However, SPI were as low as -1.4 in August, around-1.0 in July and 
June and around -0.05 in September. By applying SPI classes corresponding to drought intensity proposed by 
McKee et al.1993, the worst drought scenarios for a period of 2010- 2014 in Kampala city represent only mild to 
moderate drought situation with areas around Central and Makindye Divisions having the lowest SPI values.

In addition, key findings from participatory mapping indicated diminished crop growth or yield productions 
and carrying capacity for livestock, dust storms and hunger due to too little water to support food crops, 
malnutrition, dehydration and related diseases, shortages of water for industrial users and general rise in 
temperatures as the main impacts of dry spells. Areas including Kyanja, Mpererwe, Komamboga, Kazo and 
Kawempe II in Kawempe were indicated as active in practicing urban agriculture practice and suffer most crops 
failure during dry spells.

1.1.2 FLOOD HAZARD ASSESSMENT AND MAPPING

The creation of the river basins and river profiles was validated using Google-Earth/map images of the river 
basins and Digital Elevation Models (http://www.hec.usace.army.mil/software/hec- geohms/index.html). The 
following steps were used in the development of flood inundation maps: Step 1: Extraction and profiling of river 
and basin from Aster data using HEC-GeoHMS. Step 2: Creation of river center line, bank line, cross section 
in GIS platform by using HEC-GeoRAS. Step 3: Estimation of floods at different return periods (this analysis 
uses three different return periods; 10 and 50 years) for each river using Extreme Type I distribution (Gamble 
distribution). Rainfall data have been used to calculate return period in case of no discharge data. Step 4: 
Computation of flood levels using HEC-RAS. Step 5: Export of the result from HEC-RAS into GIS platform for 
mapping of flood inundation area.

Areas most prone to floods include: Bwaise roundabout,  Kampala Northern Bypass, areas around Kalerwe 
- Gazaya road round about, areas around Nsoba and areas near Bukoto, areas around Entebbe road - Clock 
Tower, Jinja road traffic lights area, Kamwokya II, and some areas in Industrial area.

The main limitation for this flood hazard assessment was lack of sufficient data. For carrying out a complete 
flood hazard assessment, detailed data on rainfall events, river profiles or drainage systems, soils hydraulic 
properties, and land cover information are required. Besides that the lack of hydrometric stations in different 
floodplain locations was a barrier in the estimation of total flood affected area across the city.

It is recommended that the calibration and validation can be done by taking into account discharge, flood 
depth and duration in different locations of floodplain.
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1.1.3 ECOLOGICAL AND BIOLOGICAL HAZARDS

1.1.4 PLANT PESTS AND DISEASES’ HAZARD ASSESSMENT AND MAPPING

Plant pests and diseases affect food crops, causing significant losses to farmers and threatening food 
security. Plant pests and diseases hazards mapping employed a combination of participatory mapping and 
spatial analysis in a GIS environment. Delimiting surveys and Geo-referencing selected plant pests and 
diseases prone areas. Land use and land cover and vegetation health data was generated from high resolution 
satellite imagery classification in Erdas Imagine v2014. Location characteristics from Delimiting Surveys were 
characterized for different plant pests and diseases susceptibility classes accordingly using ArcGIS 10.2.

Plant pests and diseases hazard mapping revealed that there are a number of plant pests and diseases in 
the city. Both participatory mapping and spatial analysis indicated that Kampala city experiences plant pests 
and diseases in the dispersed urban agriculture areas of Komamboga, Kawempe II and Kikaya in Kawempe 
Division. In Makindye Division areas of Ggaba, Buziga and Lukuli are most affected by plant pests and diseases 
while in Lubaga Division areas of Lubya, Mutundwe, Lubaga and Lungujja are most affected. In Nakawa 
Division, areas of Kyanja especially at the KCCA farm, Upper Estate are most affected. In Central Division 
where farming is mostly done in back yards on food towers, sack gardens and containers, areas of Mengo, 
Kamwokya I, II, Old Kampala, Bukesa, Kololo II are most affected by plant pests and diseases.

The main limitation of this Plant pests and diseases hazard analysis was data availability for historical events. 
It is recommended that monthly monitoring of Plant pests and diseases outbreaks be done to document both 
location of event and loss attribute information.

1.1.5 LIVESTOCK PARASITES, VECTORS AND DISEASES’ HAZARD ASSESSMENT AND 
MAPPING

Livestock Parasites, Vectors and diseases hazards mapping employed a combination of participatory mapping 
and spatial analysis in a GIS environment. Participatory mapping involved stakeholder engagements through 
(FGDs) and key informant interviews guided by checklist tools Field surveys for selected Livestock Parasites, 
Vectors and diseases prone areas. Land use and land cover was generated from high resolution satellite 
imagery classification in Erdas Imagine v2014. Location characteristics from Field Surveys were characterized 
for different Livestock Parasites, Vectors and diseases’ susceptibility classes accordingly using ArcGIS 10.2.

Livestock Parasites, Vectors and diseases hazard mapping revealed that there are a number of Livestock 
Parasites, Vectors and diseases in the city. Analysis indicated most affected areas as: Komamboga, Kawempe 
II, Kikaya, Mulago III in Kawempe Division,  Ggaba, Buziga and Lukuli in Makindye Division, Lubya, Mutundwe, 
Lubaga and Lungujja in Lubaga Division and areas of Kyanja especially at the KCCA farm, Upper Estate, 
Industrial Area in Nakawa Division. In Central division livestock farmers are mainly engaged in poultry farming 
and poultry diseases such as Newcastle, foul typhoid are prevalent. Others are cattle, pigs, goats on small 
scale. 

The main limitation of this Livestock Parasites, Vectors and diseases hazard analysis was data availability for 
historical events. It is recommended that monthly monitoring of Livestock Parasites, Vectors and diseases 
outbreaks be done to document both location of event and loss attribute information. This could be done at 
Ward level and catalogue of events compiled to Division level and then to the City as a whole.

1.1.6 HUMAN EPIDEMIC DISEASES HAZARD ASSESSMENT AND MAPPING

Human epidemics hazard mapping employed a combination of participatory mapping and spatial analysis in a 
GIS environment. Participatory mapping involved stakeholder engagements carried out through Focus Group 
Discussions (FGDs) and key informant interviews guided by checklist tools. Field visits were carried out to 
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enhance identification and mapping of Human epidemics hazard hotspots. Geo-referencing of the identified 
Human epidemics hazard hotspots was carried out using a handheld Spectra precision Global Positioning 
System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum.

Key findings of this study indicated that Kampala city experiences acute respiratory infections, typhoid, 
cholera, HIV/AIDS, pneumonia and malaria as the most common human diseases. Cholera and dysentery 
incidences were reported in Makerere III, Katanga (Wandegeya), Bwaise I, Bwaise II, Bwaise III, in March 2016, 
where the index case was reported in Makerere III (Kalerwe). Areas prone to sanitation related diseases include 
Kisenyi I,II,III, Kagugube,Kamwokya II, Mengo, markets, parks in Central Division. In fact, cases of typhoid were 
reported to originate from Central Division. HIV/AIDS prevalence rates were reported to be at higher than the 
7.2% National prevalence. 

Kawempe Division was reported to be with the highest HIV/AIDS prevalence rates in the entire city with 
hotspots being informal settlements of Bwaise, Makerere III and Wandegeya due to commercial sex workers as 
target population. Participatory mapping also indicated an increase in the spread rabies disease as a result of 
increasing stray dogs and wild cats population in the city. Stray dogs and cats are very common in most formal 
settlements especially in Kisenyi, Kagugube, Kamwokya.

The limitation of this Human epidemic diseases hazard analysis is that it was based on the hotspot mapping 
without considering economic losses originating from disease outbreaks. It is highly recommended that Human 
epidemic diseases hazard analysis could be extended to consider all bio- physical conditions that affect 
Human epidemic diseases prevalence. Detailed Human epidemic diseases assessment should be carried out 
at the local scale for areas prone to sanitation related diseases.

1.1.7 VERMIN HAZARD ASSESSMENT AND MAPPING

Vermin hazard mapping employed a combination of participatory mapping and spatial analysis in a GIS 
environment. Participatory mapping involved key informant interviews guided by use of checklist tools in 
five Divisions of Kampala city. Land use and land cover was generated from high resolution satellite imagery 
classification in Erdas Imagine v2014. Location characteristics from Field Surveys were characterized for 
different vermin susceptibility classes accordingly using ArcGIS 10.2

Incidences of vermin attack on crop gardens in areas adjacent to wetlands have been recorded with vermin 
such as squirrels, birds, mole rats, stray dogs and wild cats implicated as a nuisance in almost all the Divisions 
of the City. However, areas of Kyanja especially at the KCCA farm, Upper Estate, Luzira in Nakawa Division, 
areas of Mpererwe and Komamboga in Kawempe Division, areas of Ggaba, Bukasa and Salama in Makindye 
Division are most affected by vermin attacks while in Lubaga Division areas of Lubya and Mutundwe are most 
affected. Stray dogs and wild cats were recorded as most common wild-life animal attacks in the City.

1.1.8 INVASIVE SPECIES HAZARD ASSESSMENT AND MAPPING

An invasive species is a plant, fungus, or animal species that is not native to a specific location (an introduced 
species), and which has a tendency to spread to a degree believed to cause damage to the environment, 
human economy or human health.

Hazard mapping for invasive species involved remote sensing and GIS technologies with the aid of ground 
truthing to enhance the assessment. This involved the use of high resolution satellite imagery (World view 
dated 2014) covering the entire city acquired from KCCA GIS Archives. This image was ortho-rectified and then 
classified for Land use and land cover using Erdas Imagine v 2014.

The results indicated that vermin is not a serious problem in the Kampala city, incidences of water hyacinth, 
Lantana camara and oxalis latifolia were observed as most common invasive species in Kampala city. Water 
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hyacinth is most notorious on the waters of Murchison Bay on Lake Victoria in Ggaba, Salama and Buziga 
areas in Makindye Division and areas of Luzira in Nakawa Division.

1.1.9 HUMAN INDUCED AND TECHNOLOGICAL HAZARDS

These are hazards originating from technological or industrial accidents, infrastructure failures or specific 
human activities that may cause the loss of life or injury, property damage, social and economic disruption or 
environmental degradation.

1.1.10 FIRES HAZARD ASSESSMENT AND MAPPING

Thematic data needed for generation of fire 
potential map were collected from different 
sources: Digital administrative map and land cover 
map of Kampala city, Population data at Ward 
level and Location of fuel stations. This data was 
used to generate thematic digital maps using GIS 
software. All maps were raster based with a cell 
size of 10×10 m2. A thematic map of a potential 
fire disaster prone area was derived by classifying 
the city into zones, i.e., (i) < 50 m; (ii) 50–100 m; (iii) 
100–200 m; (iv) 200–500 m and (v) > 500 m from 
the fuel station.

This study applied Analytic Hierarchy Process 
(AHP) method for generation of fire potential 
zonation map. The fire potential zonation map 

was prepared on the basis of available data of land use, fuel stations, and population density. The fire potential 
zonation map then validated through major past fire incidents. The results indicated that the predicted fire 
potential zones are found to be in good agreement with past fire incidents, and, hence, the map can be used 
for future land-use planning.

Key findings of this study indicated that fires are the most critical issue in Kampala city. Participants reported 
incidences of mysterious and accidental fires in the City resulting in loss of life and property, atmospheric 
pollution and water contamination. In Nakawa Division, Crest Foam Factory fires of 2015 killed about 7 people 
in Kyambogo, BAT residues burnt along the Jinja road also caused property loss towards the end of year 2015. 
It should be noted with concern that areas around Banda are potential fire areas due to the location of Banda 
Mogas Depot, in case of leakage; it would be source of hazardous fires. In Makindye Division, incidences of 
fires reported in Kikubamutwe –Kabalagala, Salama, Ggaba market and Nakivubo markets have had several 
incidences of market fires since 2014 causing serious loss of merchandise, injuries to inhabitants, loss of lives 
and property. In Kawempe Division, incidences of market fires reported in Kawempe I in 2014, furniture fires 
reported in 2013 in Bwaise I industrial area. Incidences of furniture fires were also reported in 2014 in Makerere 
I and Makerere III, areas around Kubiri causing loss of furniture and injuries to inhabitants. It was indicated that 
incidences of market fires are commonest in the City, and are a result of use of charcoal cooking stoves by 
the numerous restaurants in the markets. In central Division, market fires – Owino Market, Former pack yard 
market, tall buildings, MoH headquarters, congested places etc). Some of the causes include: Illegal Electricity 
connections, poor space use, poor location of sources of fuel, bad will from people (arson), and congested 
environment.

1.1.11 LAND CONFLICTS HAZARD ASSESSMENT AND MAPPING

Land conflicts’ hazard mapping employed a combination of participatory mapping and spatial analysis in a GIS 
environment. Field surveys were carried out to enhance identification and mapping of Land conflicts’ hotspots. 
Thematic data needed for generation of land conflict potential map were collected from different sources: 
Digital administrative map of Kampala city, Population data at Ward level and Location of Land conflicts 
hotspots. Land conflicts’ hotspots characteristics were used to classify population densities and population 
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distribution for Kampala city to derive land conflicts’ potential map using ArcGIS 10.2.

Incidences of land conflicts were recorded for the entire Kampala city in form of land wrangles amongst family 
members, public land conflicts and administrative boundary conflicts. Administrative cross boundary conflicts 
were reported between Kampala and Wakiso city boundary around Namanve area.  Areas along Makerere Hill 
road in Kawempe are often confused to be falling under Central Division, yet they fall under Kawempe Division 
causing revenue collection challenges and distribution of socio-services such as health (hospital drugs, 
mosquito nets). 

Market land conflicts were also reported for Kalerwe market and Usafi Market creating different ownership 
at different generations. It was indicated that market land conflicts are currently in court. In Nakawa Division, 
incidences of land wrangles were reported occurring throughout the Division, Developers/ Investors also 
encroach on private land especially areas around the Industrial area. Administrative cross boundary conflicts 
were reported areas around Kasokoso land boundary. Similar situation was reported in Makindye Division 
where incidences of land wrangles were reported occurring throughout the Division. It was noted that areas on 
the shoreline around Ggaba have a floating island that migrates once in while between Mukono and Kampala 
city. The Island is said to be habited and grown with crops, the owners of the island find it difficult to use the 
land and even harvest the crops since the island keeps moving away especially during strong winds season. 
Central Division – wrangles on ownership of land on which some of the markets like Kisekka, Owino are 
located. Figure 3.20 presents land conflicts potential map.

1.1.12 ENVIRONMENTAL DEGRADATION HAZARD ASSESSMENT AND MAPPING

Hazard mapping for Environmental degradation involved remote sensing and GIS technologies with the aid of 
ground-truthing to enhance the assessment. The satellite images for the city, 2005 and 2016 were acquired for 
this study from an open source United State Geological Survey (USGS) website (http://glovis.usgs.gov/). The 

images were geo-referenced and pre-processed using Erdas Imagine. Unsupervised and supervised satellite 
imagery classification procedures according to Lillesand et al. (1994) were applied for time series interpretation 
of land use and land cover and this process were followed by field ground-truthing. The validation for 2005 
image land use and land cover classification was enhanced by interviews with community members in the 
city. Ground- truthing was done through field surveys using Global Positioning System (GPS) receiver set in 
WGS 1984 (Datum) to enhance classification for 2016 satellite image. Control points from google earth and the 
National Forestry Authority Land use classification of 2005 were used to enhance classification of 2005 image. 
Image classification was carried out using a pixel-based classification system with the maximum likelihood 
algorithm within Erdas Imagine. Accuracy assessment of the land use classification was determined on a 
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pixel basis in Erdas Imagine and the producer’s accuracy, the user’s accuracy and the overall map accuracy 
were indicated as 80% and 85% respectively. The Land Change Modeler (LCM) for Ecological Sustainability 
available in TerrSet was used to perform land use change analysis between the 2005 and 2016 land uses. 
Areas that experienced losses were considered as environmental degradation hotspots. Hotspot mapping and 
characterization for environmental degradation was accomplished in ArcGIS 10.2.

Key findings of this study indicated that environmental degradation is another most critical issue in Kampala 
city. Participants in the focus group discussions indicated wetland encroachment, deforestation, sand 
mining, extraction of murram for road construction, vegetation clearing, stone quarrying, brick laying and 
general waste (solid and liquid) dumping as the most common forms of environmental degradation in the City. 
Swamps, wetlands and channels are extension of the lake ecosystem to land; however wetland encroachment, 
reclamation and backfilling with garbage and murram especially in areas of Salama, Ggaba, Munyonyo, 
Bunga and Buziga in Makindye Division have seen most wetland ecosystem degraded. It was indicated that in 
Salama area people even have land titles for wetland areas and a number of recreational facilities have been 
developed in wetlands. 

Waste dumping since some people refer wetlands as wastelands to the extent of dumping non- biodegradable 
waste, medical waste which is dangerous to human health in case of leakage into surface water sources (Lake 
Victoria). Incidences of swamp conversion, backfilling with garbage and soil and construction in the wetland 
areas were observed in areas along Nsoba and Lubigi wetlands in Kawempe Division almost completely 
exhausting the wetland ecosystems. It was reported that the culprits do back filing at night and within a 
short time, the wetland is drained and eventually converted to built-up area. Participants in Nakawa Division 
reported illegal settlement in protected areas of Banda Nursery central forest reserve, illegal settlement in 
wetland areas around Kyambogo and Kinawataka, industrialization in wetlands especially in the Industrial area. 
It was indicated that the illegal wetland encroachments and general environmental degradation are the main 
causes of recurrent floods in the City.

1.1.13 AIR POLLUTION HAZARD ASSESSMENT AND MAPPING

Air pollution hazard mapping employed a combination of participatory mapping and spatial analysis in a 
GIS environment. Field visits were carried out to enhance identification and mapping of Air pollution point 

sources. Geo-referencing of the identified Air pollution point sources was carried out using a handheld Spectra 
precision Global Positioning System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities 
captured included: hazard location, (Division and Ward), extent of the hazard, air pollutant type, neighboring 
land use and population. Thematic data needed for generation of air pollution potential map were collected 
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from different sources: Air pollution point sources from KCCA/GIZ project 2012 and Location of Air pollution 
point sources from field surveys.

Air pollution point sources were geo-statistically interpolated in a GIS environment considering extent of the 
hazard for each of the Air pollution point sources. The interpolation method used was the Inverse Distance 
Weighting (IDW). The interpolated map was then classified into four classes ranging from Low, Moderate and 
High depending on the extent of the hazard characterized for each of the Air pollution point sources during the 
field survey.

Participatory mapping indicated that air pollution is on the increase in Kampala city than before. The 
commonest air pollutants reported include:

Areas of Industrial area in Nakawa Division are most prone to Sulfur dioxide (SO2) produced particularly from 
industrial processes (manufacturing facilities (factories) and waste incinerators).

• Areas in Industrial area and Kyambogo in Nakawa Division and Kawempe are most prone to Nitrogen dioxide 
(NO2) expelled from high temperature combustion and is also produced during thunderstorms by electric 
discharge.

• Particulate matter (PM) pollutants are most common in industry-active areas such as Industrial area and Kyambogo 
in Nakawa Division, industrial six street area and Kawempe.

• Toxic metals pollutants are most common in areas with garages, battery manufacturing and repair industries.

• Odours such as from garbage, sewage, and industrial processes areas around Bugolobi in Nakawa Division, areas 
neighboring the Kitezi landfill in Kawempe Division.

• The main limitation of this Air pollution hazard analysis was data availability. This analysis did not consider air 
quality measurements perse instead used 
observations at the air pollution point sources 
as well as secondary data that was very limited 
in terms of quantification of the hazard. 

• It is highly recommended that Air quality 
assessment should be done to ascertain the 
quality of air in Kampala, clearly showing 
the units of measure. Detailed Air quality 
assessment should be carried out at the local 
scale for areas surrounding air pollution point 
sources. The air pollution hazard maps must be 
updated at least quarterly due to its sensitivity 
to public health.

1.1.14 WATER POLLUTION HAZARD 
ASSESSMENT AND MAPPING

Water pollution hazard mapping employed 
a combination of participatory mapping and spatial analysis in a GIS environment. Thematic data needed for 
generation of air pollution potential map were collected from different sources: Air pollution point sources from 
KCCA/GIZ data- 2012 and Location of water pollution point sources from field surveys. Water pollution point 
sources were geo-statistically interpolated in a GIS environment considering extent of the hazard for each of 
the Water pollution point sources. The interpolation method used was the Inverse Distance Weighting (IDW). 
The interpolated map was then classified into four classes ranging from Low, Moderate and High depending on 
the extent of the hazard characterized for each of the water pollution point sources during the field survey.

Participatory mapping indicated that Water pollution is on the increase in Kampala city than before including 
both Point source and non-point source water pollution:

In Point source water pollution: industrial areas dispersed through the entire City, areas around waste water 
treatment plants, (Bugolobi, Ggaba water treatment plants in Nakawa and Makindye Divisions respectively) and 
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areas around arbitrators (Industrial area and Bwaise (Nakawa and Makindye Divisions respectively).

Non-point source water pollution area such as urban runoff (contaminated storm water washed off of parking 
lots, roads and highways).

The main limitation of this water pollution hazard analysis was data availability. This analysis did not consider 
water quality measurements perse instead used secondary data from KCCA/GIZ data Archives in addition to 
observations at the water pollution point sources. It is highly recommended that Water quality assessment 
should be done to ascertain the quality of water and wastewater in Kampala, clearly showing the units of 
measure. 

Detailed water quality assessment should be carried out at the local scale for areas surrounding water pollution 
point sources. The water pollution hazard maps must be updated at least quarterly due to its sensitivity to 
public health.

1.1.15 NOISE POLLUTION HAZARD ASSESSMENT AND MAPPING

Noise pollution hazard mapping employed a combination of participatory mapping and spatial analysis in 
a GIS environment. Thematic data needed for generation of noise pollution potential map were collected 
from different sources: Location of industries and factories for Kampala city and Location of Noise pollution 
point sources from field surveys. Noise pollution point sources were geo-statistically interpolated in a GIS 
environment considering extent of the hazard for each of the Noise pollution point sources. The interpolation 
method used was the Inverse Distance Weighting (IDW). The interpolated map was then classified into four 
classes ranging from Very low, Low, Moderate and High depending on the extent of the hazard characterized 
for each of the Noise pollution point sources during the field survey.

Participatory mapping indicated that Noise pollution is on the increase in Kampala city than before. 

This increase has been attributed to the changes in land use – from residential to industries, discos, bars etc 
– especially in the unplanned settlements. Noise point sources for Kampala city particularly originate form 
machines, construction activities, music performances, mushrooming churches especially Pentecost churches 
that use heavy sound systems, trains railway line area especially in industrial areas and on construction sites. 
High noise levels can contribute to cardiovascular effects in humans and an increased incidence of coronary 
artery disease. In animals, noise can increase the risk of death by altering predator or prey detection and 
avoidance, interfere with reproduction and navigation, and contribute to permanent hearing loss.

The main limitation of this Noise pollution hazard analysis was data availability. This analysis did not consider 
Noise levels assessments perse rather used secondary data from KCCA/GIZ data Archives in addition to 
observations at the noise pollution point sources. It is highly recommended that noise levels assessment 
should be done to ascertain the noise levels in Kampala, clearly showing the units of measure. 

Detailed noise pollution assessment should be carried out at the local scale for areas surrounding noise 
pollution point sources. The noise pollution hazard maps must be updated at least quarterly due to the 
prevailing changes in land use from residential to commercial uses.

1.1.16 ACCIDENTS HAZARD ASSESSMENT AND MAPPING

The accidents analysis used traditional Kernel Density Estimation (KDE) technique. Kernel Density Estimation 
(KDE) is a spatial data analysis of ArcGIS program. Budiharto and Saido (2012) measured Kernel Density 
for determining the risk spread of the accidents. The spread of risk can be defined as the area around the 
cluster where such risk may increase due to an accident. An analysis using KDE tool produces a raster output. 
Erdogan et al. (2008) used GIS as a management system for accidents analysis and determination of hot spots 
with statistical analysis (KDE and Poisson). Thematic data needed for generation of accidents potential map 
were collected from different sources: Accidents related data particularly locations of accidents spots from 
field surveys and Roads network from KCCA

Participatory mapping indicated that accidents are on the increase in Kampala city than before. The most 
common accidents are those involving boda bodas, taxis and personal vehicles since these are the most 
common means of transport in the City. In Nakawa Division, incidences of road accidents have been recorded 
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high along Mugerwa road junction along Nakawa-Banda road with open culverts, potholes and lack of man-
hole covers. In Kawempe Division, incidences of road accidents have been recorded high along Sir Apollo 
road stretch between Makerere Hill Road junction and the fly over at Northern bypass and also along Gayaza 
road. It was indicated that Bombo road is also prone to road accidents, it has limited number of humps and 
even where the humps exist, there is no signage. In Makindye Division, incidences of road accidents have 
been recorded high along Salama road stretch between Kobil Fuel station and Makindye Secondary School, 
Kalungi road in Bukasa reported to be too narrow and prone to road accidents and along the Military junction 
on Makindye road from Kibuye Roundabout. In Lubaga Division, road accidents have been recorded high along 
Mityana road stretch between Northern Bypass and Busega roundabout and along Natete road from Kibuye 
especially junction on to Lubaga while in Central Division, road accidents have been recorded high in the civic 
centre along Industrial street road from Kitgum House Jinja road lights crossing the railway line from Mukwano 
industries. Several incidences have been recorded on the railway crossing spot involving vehicles being 
knocked by the train. Road accidents have been attributed narrow roads, potholes, open drains, edge drops 
eaten up, carelessness, impatient drivers who add additional lanes especially during peak hours and lack of 
respect for road signage.

The main limitation of this Accidents hazard analysis was data availability. It was difficult to carry out 
detailed accidents risk due to lack of economic losses catalogue of the historic road accidents. It is highly 
recommended that accidents catalogue be updated to include economic losses, this will be helpful to do 
detailed accidents risk assessment. Detailed accidents hazard assessment should be carried out at the local 
scale for accident hotspots. The accidents hazard maps must be updated at least quarterly to monitor the 
implementation of traffic rules and guide traffic deployment.

1.1.17 CRIMES HAZARD ASSESSMENT AND MAPPING

Crimestat is a free downloadable statistical package that mainly analyzes the point data. CrimeStat is a 
Windows-based spatial statistical program for the analysis of crime incident locations. It is developed by 
Ned Levine & Associates, with funding by the National Institute of Justice, an agency of the United States 
Department of Justice. It is designed to be coupled with GIS. Program performs many spatial analyses on point 
data (crime location, accident location etc.), zone data (blocks, traffic analysis zones, neighborhood/ county/ 
city/districts etc.) or line (e.g. road segments). Program provides many analyses under the sections of spatial 
description (e.g. spatial distribution, distance analysis, hot spot analysis), spatial modelling (e.g. Interpolation, 
Space-Time Analysis) and Crime Travel Demand (Levine, 2010). Thematic data needed for generation of crimes 
potential map were collected from different sources: Crime location from field surveys and Population data 
from UBOS.

Participatory mapping indicated that crimes are on the increase in Kampala city than before. The most common 
crimes include: thefts and burglary, murder and assassinations, rape, drug abuse and a few incidences of 
bombing terrorist attacks case of Kyadondo Rugby grounds and Kabalagala. Increase in crimes has often 
been linked to lack of jobs especially among the energetic youth. It should be noted that average 10 people 
die out of such crimes in the City only per month. In Makindye Division, the most prone areas include informal 
settlements of Katwe Base Zone, Kibuye 1, Kanakulya-Kapeke-Nabisalu, Kikuuba Mutwe, Katamba-Buyinja, 
Nsambya-Kevina, Katwe 1, Nsambya Gogonya , Salaama (Bunzaali Zone), Nyago,Wabigalo, Kasanga, Kisugu, 
Bukasa, Ggaba, Kilombe Lukuli, Kabalagala and Namuwongo. These areas were reported as harboring drug 
abusers and “Kifeesi” group as it is commonly referred who do most of the crimes ranging from thefts, murder 
and drug abuse. In Nakawa Division, informal settlements of around Luzira , Naguru II, Kasenke II- Mulimira, 
Kitintale, Miwanda, Nsimbe- Kasi, Sentamu – Kavule, Lower Balintuma, Kamwanyi, Butabilka – Kirombe, 
Jambula- Bugolobi and Katoogo also reported as hotspot for crimes especially in abandoned buildings that 
act as hideouts for the commonly “Kifeesi” group. In Kawempe Division, the most prone areas around Informal 
settlements in areas of Bwaise III, Bwaise II, Wandegeya (Katanga), Mulago III and Kawempe I. In Lubaga 
Division, the most prone areas around Informal settlements in Kosovo in Lungujja, Mabito, Kigaga in Natete, 
Kizito zone in Najjanankumbi II, Kiyaye, Kiwunya in Nakulabye, Kasenyi, Sembule, Nakaiza and Kironde in 
Kabowa, Kasumba, Nsiike I, Nsiiike II, Kidomole,Wilson and Betania zones in Ndeeba, Kabawo in Mutundwe 
parish, Kasubi, Lubya and Busabala in Najjanankubi I, Bwaise and Kawempe II in Kawempe Division.
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1.1.18 RISK MATRIX

Risk matrix is a simple and most popular tool for evaluating risk and visualizing various risk profiles. The matrix gives 
a qualitative measure that permits the prioritization of risk among multiple hazards and multiple risk takers. It enables 
risk reduction planners to classify various types of hazards into different categories of priority by locating them on a 
two-dimensional grid based on their probability and loss or impacts.  For risk mapping, each risk is assigned a color 
(Red, Amber and Green).

The table below presents the hazard risk profile for Kampala city and also at division level which shows the relation between 
hazard intensity(probability) and degree of  damage (magnitude of  impacts) depicted in the form of  hazard intensity classes and 
for each class the corresponding degree of  damage (severity of  impacts) is given.

      

NO HAZARD HAZARD TYPE KAMPALA CITY DIVISIONS 

OVERALL RISK 
RATING C K N M L

1 Earth Quake Geological L L L L L L

2 Soil erosion Geological M L M M M M

3 Storm Geological M L M M M M

4 Dry Spells 
Climatological and 
meteorological 

M L M M M M

5 Flood 
Climatological and 
meteorological

H H H H H H

6
Plant pests 
and diseases 

Ecological and Bio-
logical 

L L L L L L

7

Livestock, 
parasites, 
vectors and 
diseases

Ecological and Bio-
logical

L L L L L L

8
Human Epi-
demic 

Ecological and Bio-
logical

H H H H H H

9
Vermin and 
Wild life 
attacks 

Ecological and Bio-
logical

L L L L L L

10
Invasive 
species

Ecological and Bio-
logical

L L M L M M

11 Fires 
Human Induced or 
Technological 

H H M M M M

12 Land conflicts 
Human Induced or 
Technological

M M M M M M

13
Environmental 
degradation 

Human Induced or 
Technological

H H H H H H

14 Air pollution 
Human Induced or 
Technological

M H M M M M
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NO HAZARD HAZARD TYPE KAMPALA CITY DIVISIONS 

OVERALL RISK 
RATING C K N M L

15
Water Pollu-
tion 

Human Induced or 
Technological

H H M M H M

16
Noise pollu-
tion

Human Induced or 
Technological

M H M M M M

17 Crime
Human Induced or 
Technological

M H M M M M

18
Road Acci-
dents 

Human Induced or 
Technological

M H M M M M

Where, H- High Risk, M- Medium Risk & L – Low Risk. C – Central Division, K – Kawempe Division, N – Nakawa Division, 
M – Makindye Division and  L – Lubaga Division 

CONCLUSIONS

The multi-hazard vulnerability and risk profile output from this assessment was a combination of participatory 
approach and spatial modeling using a number of indices for climate variability and models for assessing a number 
of hazards accordingly. A number of thematic data was used ranging from socio-ecological spatial layers such 
as DEM, Slope, Aspect, Flow Accumulation, Land use, vegetation cover, hydrology, soil types, population, roads, 
utilities, socio-economic, health facilities, and meteorological data. 

Participatory mapping involved stakeholder engagements carried out in close collaboration with OPM’s DRM 
team and the city disaster management focal persons with the aim of identifying specific hazard hotspots based 
on historical records and testimonies from participants and indigenous knowledge. Focus Group Discussions 
(FGDs) and key informant interviews guided by checklist tools were conducted involving KCCA Risk Manager, 
Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city level and Town Clerks, Division 
Risk Champions, Road officers, Ward Administrators, production officers, Health Inspector, Physical Planner 
and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala city i.e. Central, Nakawa, 
Makindye, Lubaga and Kawempe Divisions.  Thematic data was integrated with the results from participatory 
mapping and field surveys in a GIS environment to derive hazard specific zonation maps for the city. 

The study revealed that Kampala city is prone to all the four categories of hazards i.e.

• Geomorphological or Geological hazards including soil erosion and earthquakes.

• Climatological or Meteorological hazards majorly floods, dry spells, hailstorms and lightening.

• Ecological or Biological hazards including plant pests and diseases, livestock parasites, vectors and diseases, 
human epidemic diseases, vermin and invasive species.

• Human induced or Technological hazards including infrastructure fires, technological failures/ accidents, land 
conflicts, environmental degradation, air pollution,  water pollution , noise pollution and crimes. 

• Policy Related Recommendations

The following recommended policy actions targeting vulnerability reduction include: 
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1.2 POLICY RELATED RECOMMENDATIONS

The following recommended policy actions targeting vulnerability reduction include:

i. Operationalize Disaster risk management governance structures for Kampala city to enhance review, 
programming and prioritization of disaster risk.

ii. Enhance awareness and sensitization to all stakeholders (KCCA Technical staff, Political leaders and public) on 
the various disasters/hazards.

iii. Establishment of early warning systems for the different hazards in the city.

iv. Undertake urban and detailed planning to guide developments in the city.

v. Consider public private partnerships to bring the private sector on board in implementation of DRR 
interventions and DRR management in the city.

vi. Streamline emergency planning and response including simulation exercises for various risks and disasters.

vii. Undertake contingency planning especially for all the high risks hazards.

viii. Undertake disaster loss accounting and documentation at local level.

ix. Establish city emergency coordination centre in Kampala as required by the national policy for disaster 
preparedness and management.

x. Establish equipment and systems in collaboration with other ministries, Departments and Agencies aimed at 
collecting data on different hazards and disasters.

xi. Enhance dissemination and early warning of the public on various disasters in liaison with line Ministries, 
Departments and Agencies.

xii. Undertake disaster specific detailed assesments.

xiii. Enforcement of policies aimed at enhancing sustainable environmental health.

xiv. KCCA to continuously upgrade and maintain road infrastructure in the city in coordination with Ministry of 
works and transport.

xv. Enforce regulations, protect and restore wetlands in coordination with National Environment Management 
Authority.

xvi. Continuously sensitize the public on appropriate solid waste management practices in the city through 
emphasis on sorting, re-using and recycling.

xvii. Continuously undertake epidemiology and disease control in liaison with Ministry of Health and Ministry of 
Agriculture, Animal Industry and Fisheries.

xviii. Scale up routine health inspections in the city.

xix. Prioritize the reconstruction and upgrade of markets in the city. 

xx. Through engagement with various stakeholders, KCCA handles the issue of unemployment especially among 
the energetic youths through job creation at all levels.

xxi. KCCA ensures proper planning, allocation and Licensing of petrol stations in the city in coordination with 
Ministry of Energy and Mineral development.

xxii. Enhance of development control in the city to ensure that all developers comply with the approved plans.

xxiii. Development of conflict management policies for the city. 

xxiv. Encourage greening of the city to increase carbon sinks 

xxv. Promotion of climate and disease resistant urban agriculture in the city. 
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xxvi. Enhance access of public healthcare services in all Divisions by ensuring that health centers are regularly 
stocked with medical supplies and have qualified medical personnel.

xxvii. Increase household access to safe and clean water by extending tap water especially to the informal 
settlements in all Divisions.

xxviii. Slum upgrading to ensure that the poor can afford decent housing.

1.2.1 BACKGROUND AND INTRODUCTION 

OUTLINE 

This chapter briefly overviews the situation of disaster risk in Kampala. The chapter further elaborates the objectives 
of UNDP and OPM to carry out this City hazard risk and vulnerability profiling for Kampala. The chapter is sub-
divided into five sections as follows:

1. Background to Risk assessments in Kampala City
2. Objectives of the disaster risk assessment
3. Scope of work
4. Justification 
5. Structure of the document

1.2.2 BACKGROUND TO RISK ASSESSMENT IN KAMPALA CITY

Kampala City in Uganda has over the past years experienced frequent disasters that range from floods, human 
epidemics, man-made fires, crime and other hazards which in many instances resulted in deaths, property 
damage and losses of livelihood. With the increasing negative effects of hazards that accompany population 
growth, development and climate change, public awareness and pro-active engagement of the whole spectrum 
of stakeholders in disaster risk reduction, are becoming critical.

The Government of Uganda is moving the disaster management paradigm from the traditional emergency 
response focus towards managing disaster risk. Contributing to the evidence base for Disaster and 
Climate Risk Reduction action, Kampala is compiling a Multi hazard, risk and vulnerability profile to guide 
mainstreaming of disaster and climate risk management in development planning and contingency planning at 
local levels.

From 2013, UNDP has been supporting the Office of the Prime Minister to develop district Hazard Risk and 
Vulnerability profiles in the sub-regions of Rwenzori, Karamoja, Teso, Lango, Acholi, West Nile, Elgon, Sebeyi, Bukei 
and South-Western covering 111 districts. This report is a comprehensive Hazard Risk and Vulnerability profile for 
Kampala city.

During the multi-hazard Risk and Vulnerability profiling of Kampala city, KCCA officials at Kampala city hall and 
at the five Divisions of Nakawa, Makindye, Kawempe, Lubaga and Central actively participated in data collection 
and analysis. The data collected was used to generate hazard risk and vulnerability maps and profiles. A validation 
workshop was held in close collaboration with KCCA officials from Kampala city hall and the five Divisions to 
verify the generated hazard risk and vulnerability maps and profiles. The developed maps show the geographical 
distribution of hazards and vulnerabilities up to the division level. This report details methodological approach for 
Multi-hazard risk and vulnerability profiling and mapping for Kampala city in Central Uganda.  

1.2.3 OBJECTIVES OF THE STUDY

The following are the main and specific objectives of the study; 
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1.2.4 MAIN OBJECTIVE 

To develop Multi-hazard, Risk and Vulnerability Profile for Kampala Capital City, Central Uganda.

1.2.5 SPECIFIC OBJECTIVES 

In fulfilling the above-mentioned main objective, the following specific objectives were expected:

i. Collect and analyze field data generated using GIS in close collaboration and coordination with OPM and KCCA;  

ii. Develop Capital City specific multi-hazard risk and Vulnerability profile using a standard methodology;  

iii. Preserve the spatial data to enable use of the maps for future decision making and planning;  

iv. Produce age and sex disaggregated data in the HRV maps.  

1.2.6 SCOPE OF WORK 

Through UNDP’s Project: “Strengthening Capacities for Disaster Risk Management and Resilience Building” the 
scope of work entailed following: 

i. Collection of field data using GIS in close collaboration and coordination with OPM in Kampala city and quantify 
them through a participatory approach on a scale of “not reported/ not prone”, “low”, “medium” and “high”. 

ii. Analysis of field data and review of each hazard map in terms of their effects on stakeholders, with the 
vulnerability analysis summarizing the distribution of hazards in the city and exposure to multi-hazards in 
sub-counties. 

iii. Compilation of the entire city multi-hazard, risk and vulnerability HRV Profiles.

iv. Generating complete HRV profiles and maps and developing a database for all the GIS data showing 
disaggregated hazard risk and vulnerability profiles.

1.3 JUSTIFICATION
Due to its geomorphological formation (generally low-lying) and socio-economic setting, Kampala is prone to natural 
hazards such as Floods, Landslides, Earthquakes, Epidemics (human, crops and animal), accidents, Fires, pollution, 
environmental degradation, food Security, terrorism etc. 

To reduce disaster losses and better manage disaster and climatic risks, Office of the Prime Minister (OPM) is 
increasing its efforts towards disaster risk management, with a focus on hazard assessment, exposure assessment, 
vulnerability assessment and risk assessment. The National Policy for Disaster Preparedness and Management 
(Section 4.1.1) requires the Office of the Prime Minister to “Carry out vulnerability assessment, hazard and risk 
mapping of the whole country and update the data annually”.  UNDP’s DRM project 2015 Annual Work Plan; Activity 
4.1 is “Conduct national hazard, risk and vulnerability (HRV) assessment including sex and age disaggregated data 
and preparation of city profiles.”  

The purpose of this hazard, risk and vulnerability profile is to guide Kampala Capital city Authority, private sector in 
the city in making evidence-based, risk-informed investment and planning decisions. 
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1.4 STRUCTURE OF THE DOCUMENT
The document is organized into five interlinked chapters: 

• Chapter 1: Background and Introduction 
• Chapter 1I: Overview background of Kampala city
• Chapter 1II: Multi-hazard Assessment and Mapping for Kampala city
• Chapter 1V: Vulnerability and Risk Assessment and Profiling
• Chapter V: Conclusions and policy related recommendations

1.5 OVERVIEW BACKGROUND OF KAMPALA CITY
Outline 

This chapter presents detailed background of Kampala city. This information is critical to understanding the 
capacities of communities to cope with disasters, for example in the presence of health facilities; humans are less 
vulnerable to epidemics than in the absence of these facilities. The chapter is sub -divided into three sections as 
follows:

6. Location
7. Topography
8. Land use and land cover
9. Geology and soils
10. Climate
11. Population
12. Economic activities
13. Settlements

1.6 LOCATION
Kampala is the capital city of Uganda. The city is bordered by Wakiso City to the south, west, and north and 
by Kira Municipality to the east. The city started as a municipality in 1947 and became Uganda’s capital city at 
independence in 1962. Kampala has since grown to be the largest City in Uganda, it is Uganda’s political seat, the 
country’s economic hub accounting for 80% of the country’s industrial and commercial activities; and generates 
65% of National GDP. Kampala was named as the 13th fastest growing city on the planet, with an annual population 
growth rate of 4.03% by City Mayors. 

Kampala city is currently divided into five urban divisions of Kampala namely Central, Kawempe, Makindye, 
Lubaga, Nakawa all covering a total of 189 km2 with 169 km2 of land and 19 km2 of water. Kawempe Division is in 
the northwestern corner of the city, Nakawa Division lies in the eastern part of the city, Makindye Division is in the 
southeastern corner of the city and Lubaga Division lies in the western part of the city. Kampala has about 23% of 
its area as fully urbanized, a significant portion (60%) semi-urbanized and the rest considered as rural settlements. 
Figure 2.1 shows the Administrative boundaries and protected areas of Kampala City.

Figure 2-1: Administrative Boundaries, Kampala City

1.7 GEOMORPHOLOGY
The topography of Kampala City generally rises from lowlands of 1,167m.a.s.l to hilly surroundings of 1,249 m.a.s.l. 
with the low and flat areas characterized by a number of shallow seasonal wetlands.  Kampala’s topography is 
comprised of hills and water-logged valleys that initially determined the City’s form and dictated the initial settlement 
pattern in the City with the colonial township, the Kibuga, the denominational quarters and important institutions 
such as Makerere University, Mulago, Lubaga, Namirembe etc. - each located and identifiable on its own distinct hill 
(KPDP, 2012).

Movement routes developed between these elements and outlying centers in the lower valleys, generally skirting 
the wetlands and crossing them at narrow or strategic points. Sporadic infill over the years has however blurred 
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out these historic elements and transformed the City into a single contiguous, ever growing, largely unstructured, 
disorganized urban “muddle”, lacking order, clarity, legibility and identity. What was once the “Garden City of Africa” 
has become a sea of tin roofs interrupted only by dominant hilltops, large water bodies, residual agricultural areas or 
empty plots with a few “islands” of structured development; only partially mitigated by natural foliage (KPDP, 2012)

Lake Victoria, its catchments and rivers, together with Kampala’s topography provide a natural landscape with 
numerous views and vistas. However, these critical eco systems often are frequently degraded by development.

Despite the natural abundance, the City lacks a structured, contiguous, maintained and protected open space 
system. Most residential neighborhoods lack public open space, gardens, parks and playgrounds. The few 
developed and maintained gardens in the City are concentrated in the City Centre and generally closed off from the 
public.

Kampala’s skyline is defined by its topography with almost all high-rise buildings concentrated in the 
CBD (with a new landmark multi-stored on top of Nakasero Hill and a few new 6-8 stored apartment 
complexes on the periphery of the City. The CBD itself is in transition with multi-stored office complexes 
adjacent to old single or double stored structures (some of historic significance and/or value) (KPDP, 
2012). Figure 2.2 presents the topographical setting of Kampala city using 30x30m SRTM DEM. 
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Figure 2-2: Geomorphology, Kampala City 
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1.7.1 GEOLOGY AND SOILS

Precambrian crystalline basement rocks that were formed some 3,000 million years ago underlie Kampala city. Rock 
systems that deposited or formed during the Precambrian period is the Buganda-Toro system. 

Kampala is underlain by rocks, which have been modified by geological processes over a long period. These rocks 
overlain by predominantly ferruginous soils. Ferruginous soils are rich in iron and aluminum due to the leaching of 
other minerals by rainfall in a semi-humid climate. These soils generally develop to a great depth because of the 
intensity of tropical weathering. Their profile generally consists of a thin (20-30 cm) layer of top soil and a deep (5-10 
m) layer of sub-soil. There are also hydromorphic soils formed in areas of seasonal or permanent waterlogging, and 
dominated by peat formations and are significant because of the wetlands in the Kampala. The soil texture ranges 
from clay loams to sandy loams, while red clay loams tend to predominate and are reportedly more fertile. Figure 2.3 
presents the geological setting of Kampala city using the geological data from Geology Department dated 2012.

Figure 2-3: Geology and Lithological Structures, Kampala City 
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1.7.2 LAND USE AND LAND COVER

Kampala city has four broad types of land cover, namely farmed ecosystems, natural vegetation, surface water, and built 
surfaces (urban centres and roads). Because of population growth, natural vegetation is increasingly replaced by 
and built surfaces and to a minor extent farmed ecosystems. Beyond the general land cover types, Kampala has a 
relatively high level of floristic diversity, which is attributable to the fact that it lies within the wider area that is at the 
meeting point of six of the 19-vegetation phytochoria recorded on the African continent. 

Kampala lies within the Lake Victoria (a mosaic of mid altitude rainforests and moist/dry savannahs) floristic region. 
Before there were significant human impacts on the vegetation, the city’s land area dominated by Savannah-
related vegetation types. Savannah a grassland ecosystem characterized by trees being sufficiently small or widely 
spaced so that the canopy does not close. The open canopy allows sufficient light to reach the ground to support 
an unbroken herbaceous layer consisting primarily of grasses. The extensive wetland areas in Kampala are a 
conspicuous feature of the city’s vegetation with a marked effect on its hydrology.

A land cover record of Kampala was prepared by the Biomass Study in 1995, using SPOT XS imageries recorded 
from 1988-1992, along with the FAO AFRICOVER data set published in 2004, which was derived from Landsat 
TM satellite images taken from 1999–2002. This record makes it possible to estimate the major changes in land 
cover that have occurred in the city over 50 years. There are some inconsistencies between the surveys because 
of differences in classification systems, resolution, and even map projections. These have led to quite substantial 
differences in the extent of the various vegetation classes, making it difficult to make a detailed assessment of 
the changes in land cover over the reporting period. However, the general trends are clear, with natural vegetation 
replaced by mainly built ecosystems. Figure 2.4 presents the Land use and Land cover stratification for Kampala city.

Table 2-1: Land use and Land cover for Kampala city

LAND USE/ LAND COVER AREA (KM2) PERCENTAGE

Agricultural area 14.05 6.74

Bush 15.88 7.61

Commercial 2.12 1.01

Cultural site 0.84 0.40

Degraded wetland 3.55 1.70

Extractive - quarry/mining area 1.48 0.71

Industrial area 0.09 0.04

Informal settlement – slums 14.71 7.05

Institutional 9.27 4.44

Mixed Use 14.06 6.74

Open Water 14.87 7.13

Planted forest 0.19 0.09

Public Bus/Taxi Park 0.05 0.03

Recreational green gardens 1.94 0.93

Residential 93.26 44.71

Transportation 3.59 1.72

Wetland 18.68 8.95
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Figure 2-4: Land use/ land cover stratification, Kampala City 
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1.7.3 TEMPERATURE AND HUMIDITY

The variation in temperatures is not significant. The City records an annual maximum temperature of 28.7oC, an 
annual minimum of 16.2o C and a monthly mean temperature of 17.0o C (Figure 2.5).

Figure 2-5: Minimum and Maximum Temperature by month, Kampala City 
*Source: https://en.climate-data.org/location/5578/

March is the warmest month of the year. The temperature in March averages 22.2 °C. July is the coldest month, with 
temperatures averaging 20.1 °C (Figure 2.5).

Table 2-2: Temperature variations by month, Kampala City 

*Source: https://en.climate-data.org/location/5578/

There is a difference of 118 mm of precipitation between the driest and wettest months. Throughout the year, 
temperatures vary by 2.1 °C. Useful hints about reading the climate table: For every month, you will find data about 
precipitation (mm), average, maximum and minimum temperature (degrees Celsius and Fahrenheit). Meaning of 
the first line: (1) January, (2) February, (3) March, (4) April, (5) May, (6) June, (7) July, (8) August, (9) September, (10) 
October, (11) November, (12) December (Table 2.2).

1.7.4 WIND

The City is sswept by the South East and North East monsoon winds since it lies near the equator and experiences 
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mean annual vapour pressure between 18-20 m b and the highest potential evaporation is in March (Table 2.3). 

1.7.5 Table 2-3: Wind Variations by Month, Kampala City 

Month of the year Jan Feb Mar April May June Jul Aug Sept Oct Nov Dec Year

 1 2 3 4 5 6 7 8 9 10 11 12  1-12

Wind probability ≥ 
4 Beaufort 9 13 8 6 6 9 4 6 2 7 3 5 6

Average wind 
speed (kts) 6 8 6 6 6 6 6 6 5 7 6 6 6

Average Air temp 26 26 25 23 24 24 25 24 24 24 24 24 24
*Source: https://en.climate-data.org/location/5578/

1.7.6 RAINFALL

The climate of Kampala city is typically tropical with significant rainfall. This climate is considered to be Af according 
to the Köppen-Geiger climate classification. The average annual temperature in Kampala is 21.3 °C and about 1293 
mm of annual total precipitation. Kampala�s weather features two annual wet seasons. There is a long rainy season 
from August to December and a short rainy season from February to June. However, the shorter rainy season sees 
substantially heavier rainfall per month, with April typically seeing the heaviest amount of precipitation at an average 
of around 169 millimetres (6.7 in) of rain.

Figure 2-6: Rainfall variations by Month, Kampala City 
*Source: https://en.climate-data.org/location/5578/

From Figure 2.6 above, it can be observed that the driest month is July, with 62 mm of rain. Most of the precipitation 
here falls in April, averaging 180 mm. Figure 2.7 shows the Annual rainfall distribution of Kampala City.
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Figure 2-7: Annual Rainfall Distribution, Kampala City 
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1.7.7 HYDROLOGY

1.7.8 
Kampala is situated within the Lake Victoria Basin. Lake Victoria is, therefore, the dominant feature of the surface 
water resources in the city. The hydrological sources of Kampala city include Kitante channel (0.31667 Latitude; 
32.58330 Longitude), Lugogo channel (0.31667 Latitude; 32.6000 Longitude), and Nakivubo channel (0.30000 
Latitude; 32.61670). 

The city is drained by eight main drainage systems and the main channel in each drainage system is referred to as 
the primary channel (the main Nakivubo, Lubigi, Nalukolongo, Kansanga, Manyanja/Kaliddubi, Kinawataka, Nalubaga 
and Walufumbe and the smaller Gaba, Nakelere and Mayanja North). All the tributaries (and sub-tributaries) are 
referred to as secondary channels (KDMP, 2016).

Stormwater runoff originates as overland flow, accumulating in small drains (tertiary drains) that flow directly to the 
primary and secondary channels or to the roads and then via underground pipes or small open drains along the 
roads (tertiary drains) to discharge points into the primary and secondary channels.  

Therefore, each drainage system consists of: 

- numerous small drains and roadside drains (tertiary drains), 

- a number of secondary channels and

- a primary channel 

To help the definition of  the network, the KDMP2003 classified the drainage network in: 

- major system: composed by primary and secondary channels

- minor system: that corresponds to the small drains between buildings and roadside drainage, basically 
tertiary drains and the present updating recovers the same classification and description (below) for the 
identification of the drains. 

The minor systems correspond to the small drains between buildings and the roadside drainage, as has traditionally 
been provided in Kampala, although this is inadequate in many places. The purpose of the minor systems is to 
convey stormwater to the major systems in such a way that inconvenience to pedestrian and vehicular traffic is 
minimized. Minor systems are therefore planned and designed to accommodate frequent storms of lower intensity. 
Failure or overflowing of the minor systems usually does not result in damage to buildings or infrastructure due to the 
relatively smaller peak stormwater discharges associated with minor systems (KDMP, 2016). 

The major systems accumulate all the stormwater discharges from the various minor systems and include, therefore, 
all the primary and secondary channels including wetlands.

The major systems are planned and designed to accommodate less frequent storms of higher intensity to minimize 
physical damage, flooding of houses and industrial properties, and to ensure public safety in general - especially 
vehicular safety at road crossings of the major systems. The major systems are thus associated with relatively higher 
peak stormwater discharges.

Primary and Secondary drains represent the major drainage system in Kampala and these drainage lines have been 
traced though HEC-GeoHMS with the 0.5 m resolution DEM used as base for the elaboration (KDMP, 2016) (Figure 
2.8).
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Figure 2-8: Hydrological setting, Kampala City 
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1.7.9 POPULATION

According to the provisional results of the 2014 national census, the city had a population of 1,516,210. The Uganda 
Bureau of Statistics estimated that the population had grown at a rate of 2.02 percent since the last national census 
in 2002.  Table 2.4 summarizes the population distribution by Division as of 2014 National Census. Figure 2.11 
presents the population distribution using UBOS census data.

Table 2-4: Population Distribution per Division

 Division Total 
Household Males Females Total 

Population Area (Km2)

Kawempe 94574 159800 178512 338312 30.8
Nakawa 84793 154841 163606 318447 56.7
Makindye 110224 188537 206739 395276 55.1
Central 23205 41107 38682 79789 15.2
Lubaga 105991 178353 206033 384386 37.5

*Source: National Census 2014 by UBOS 

Kampala has seen ongoing rapid growth of 4.5% to 5.0% per annum over the past generation. Such a rapid rate, 
over such a long period, has overwhelmed the City (KPDP 2012). It simply could not and cannot keep pace with ever-
growing demand for housing, employment, services and utilities (Figure 2.9).

Figure 2-9: Kampala Average Population Growth Rates, 1912-2011

*Sources: 1912 to 1980 data - 1994 Structure Plan; 1991, 2002 - UBOS, 2011 - KPDP 2012.

This “Demographic Tsunami” denies the City even short-term equilibrium and constrains it from developing in a 
balanced manner.  Growth in the city is driven by Kampala’s primacy in Uganda although other smaller urban centres 
are growing fast, some even faster than Kampala.  

Kampala’s demographic growth has historically been based on the combination of natural growth and in-migration. 
Natural growth has fallen off significantly with declining fertility rates but in-migration has continued apace, indeed it 
may actually have increased.
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Figure 2-11: Population Density, Kampala City 
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1.7.10 ECONOMIC ACTIVITIES

Understanding the livelihood situation and the employment opportunities available in a given settlement is very 
important. This gives one an idea on the affordability levels for various goods and services, as well as communities’ 
capacities to cope up during disasters.  One of the main reasons why people migrate to cities is the pursuit for better 
opportunities to earn a living by participating in the different activities that take place there among which is trade. It 
is therefore, very imperative to have a closer look at the employment opportunities and those activities that support 
and maintain livelihoods in the city. These include; General shops (Groceries), Food shops (restaurants), Auto repairs 
(garages), and Furniture shops1. 

A railway connects Kampala with the port of Mombasa, Kenya, on the Indian Ocean. A branch railway line connects 
Kampala with Port Bell on Lake Victoria. Kampala is a highway junction, and there is an airport in Entebbe, 35 km to 
the south. Kampala is the main economic centre of the country, with textile, flour, butter, and brewery enterprises. 
Other important economic activities include the processing of coffee, cotton, tea, hides, and leather and the 
production of cigarettes and cement.

Industrialization

The City is the major industrial hub in the country base with major industries concentrated in the industrial area in 
Nakawa Division. Some of the industries include 

Industrial establishments include; (Megha Industries, Hwang Sung, Britannia allied industries, Picfare industries, 
master industries Uganda Limited, Twiga chemical industries, sadolin paints Uganda limited, Rene industries, Farm 
engineering industries, Tarpo industries, BPC Chemicals, Uganda Meat Industries, Alama Group of Companies, 
Uganda Industrial Resaerch Institute, Uganda Klere industries, Margherita Industries, Spear Motors, Tumpeco, Oscar, 
brewing industries in Port Bell, steel and tubes industries, Cipla quality chemicals industries etc (KPDP, 2012). 

Agriculture

Although there are no reliable figures on acreage under crops in Kampala, it is estimated that approximately 40% of 
the undeveloped land in the City is utilized for crop production. However, most of these agricultural operations are 
not properly organized resulting into low productivity. Through urban farming, it is possible to improve the supply 
of fresh foods and vegetables, thereby improving urban nutrition, creating employment and improving household 
incomes. 

Fishing

Off shore fishing is one of the major economic activities in the city. Fishing is seen as a major contributor to 
employment creation for participating individuals, enterprise development especially areas along Lake Victoria in 
Ggaba, Luzira, Salama in Makindye and Nakawa Divisions.

Tourism 

Kampala city is endowed with a number of tourist sites in the country. Some of the tourist sites include: 

Uganda National Museum: The Museum is located 3 kilometers from the City center, along Kiira road. This is the 
Country’s only museum and is the oldest in East Africa. The museum became operational in 1908, with collections 
of objects from various traditional chiefs.   In particular, the Museum houses materials on the Country’s history, 
archeological art facts, natural historical specimens and various traditional musical instruments. 

Nommo Art Gallery: located at Nakasero, next to the State Lodge. The Gallery is the country’s center for various 
outstanding art works. The items in the gallery range from pottery pieces to paintings, tie, and dye.  
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Architectural Designs: Kampala is the center for old and new modern architectural designs of buildings. The designs 
are an attraction particularly for international and domestic upcountry visitors. Modern architectural designs include 
the Crested Towers, Sheraton Hotel, Telecommunications House, Workers House, Nile Hotel, Conference Centre and 
Bank of Uganda.  The Department of Museums and Antiquities are yet to identify and gazette the buildings with old 
architectural designs.  

Beautiful Sceneries: The hilly landscape of Kampala City enables panoramic viewing of surrounding areas 
particularly from Namirembe, Kololo, Nakasero and Old Kampala hills.  Crafts and Souvenirs Industry: The National 
Theatre Crafts Village, African Creations at Kamwokya, Banana Boat at Kisementi Kamwokya and Uganda Crafts 
Shop at Bat Valley are some of crafts and souvenirs centers in Central Kampala (KPDP, 2012).   

Hotel and Catering Industry: The city has a number of accommodation business establishments. The outstanding 
accommodation establishments include; Kampala Serena Hotel , Sheraton Hotel, Fairway Hotel, Musa Courts 
Apartments, Lugogo Apartments, Hotel Equatorial , Grand Imperial Hotel, Speke Resort Munyonyo on the shores of 
Lake Victoria, etc. 

Prime recreational areas:  including the Golf Course, Nakivubo Stadium, the City’s Markets, Clock Tower, the National 
Theatre, the National Parliamentary Buildings and various night clubs. 

Kasubi Tombs: Kasubi Tombs are a World Heritage site in Buganda Kingdom and is the official burial sites for 
Buganda Kings with four former Kings already buried here namely; Mutesa I (1856-1884), Mwanga (1884-1897), Chwa 
Daudi (1899-1939) and Mutesa II (1939-1966). The tombs are about 5 Kilometres along the Kampala-Hoima road. 
The tombs have a meticulous architectural design and the royal regalia for various former Kings of the Buganda 
Kingdom.

Kabaka’s Lake: this is the Largest Man Made Lake of Africa situated in Kampala, within 5Kms from the city centre. 
A man-made lake was formed on the orders of King Mwanga II from 1885 to 1888. The lake is surrounded by scenic 
beauty with two islands in the middle of it. 

Kabaka Royal Palace and official residence the Twekobe: The Kabaka’s main palace in Mengo is more than the 
fine, historical architecture that greets your eyes at the pinnacle of Bulange hill. The majestic colonial powerhouse 
provides a rich history of one of Uganda’s oldest kingdoms– Buganda.  Ssekabaka (fallen king) Mwanga II 
constructed the palace in 1885. In addition, just like Queen Elizabeth II’s palace in England but in a smaller version.  

Religious Sites: The Division has the largest religious sites namely Mapeera in Lubya Parish, Mackay Cave, Lubaga 
Cathedral for the Catholics and Namirembe Cathedral for Anglican, Bahai Temple are some of the popular tourist 
sites in the City. The presence of these institutions have had an impact on the economic status of the residents of 
Kawempe.

Education and Health:  Makerere University located in Kawempe Division and the National  referral hospital – Mulago 
also located in Kawempe Division  are some of the popular landmarks that also attract tourists both from upcountry 
and across border (KPDP, 2012).   

Disguised employment  

This looms large especially among the youths whose access to paying jobs is limited by their lack of skills.  This 
coupled with poor attitude or culture to work, has led many of the youth using their productive labour and time in 
non-paying jobs (KPDP, 2012).
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TABLE 2-5: ECONOMIC ACTIVITIES BY GENDER IN KAMPALA CITY
 

CATEGORY OF PEOPLE ECONOMIC ACTIVITY

Youth

- Boda-boda services

- Brick laying

- Fishing and fish metering

- Petty trading

- Hair salon services

- Formal employment

- Sports betting/ Game betting 

Women

- Substance farming craft making

- Rearing poultry

- Petty trading

- House keeping

- Animal husbandry

Men Men

- Farming both subsistence and commercial

- Trading

- Poultry keeping

- Small scale industries

- Formal employment

- Brick laying

- Fishing/fish mongering

People with disability

- Shoe repair

- Craft making

- Tailoring

- Petty trading

*Source: Field survey 2016

1.7.11 SETTLEMENTS

Kampala’s social landscape is one of pervasive poverty with troughs of deep poverty and “islands” of welfare and 
affluence. Most of the very poor are concentrated in the City’s slums but in most parishes there is a mix of poor 
and working classes living side by side in informal settlements with the higher income groups in close proximity in 
identifiable structured and relatively organized, better serviced neighborhoods.  Kampala City contains extremely 
dense slums and simply lacks an adequate supply of land for residential, industrial, infrastructure, utility and service 
facility development. 

A slum is a heavily populated urban informal settlement characterized by substandard housing and squalor. While 
slums differ in size and other characteristics, most lack reliable sanitation services, supply of clean water, reliable 
electricity, law enforcement and other basic services. Slums are the most striking manifestation of urban poverty. 
Millennium Development Goal 7 sets the objective for urban poverty alleviation by calling for the improvement of the 
lives of the slum dwellers. There are 31 identified slums in the City (Figure 2.12).  

According to the KPDP report 2013, Kampala fully 69% of all households reside in rental accommodation. Whilst 
this is not exceptional in large cities in developing countries, it is indicative of the extent of poverty in such cities, 
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including Kampala. Housing is a major factor in the cycle of poverty. The poor require cheap access to employment 
and basic services. Given the proportion of income expended on food and basic subsistence, the poor often cannot 
afford basic housing or public transport. As such, they are forced to compromise on housing, residing in inadequate 
shelter, Muzigo, within walking distance of employment. 

The situation in Kampala, which is aggravated by encroachment into marginal land and especially the wetlands, 
results in an overall collapse of services and infrastructures throughout the entire city. One of the main 
manifestations of this situation is the overwhelming insecurity in terms of housing and livelihood, as well as a risk of 
further deterioration of the younger generation, particularly in the slums.  

KCCA Report 2018.indd   53 8/7/18   10:33 PM



54 Multi-Hazard, Risk And Vulnerability Profile For Kampala City

Figure 2-12: Informal settlements, Kampala City 
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1.7.11.1 SETTLEMENTS IN KAWEMPE DIVISION

Out of the 31 identified slums in Kampala city , 8 slum areas are  located in Kawempe Division. They are generally, 
but not exclusively, located in the flood prone lower valley areas and some in wetlands. The informal settlements/ 
unplanned settlements also known as slums in Kawempe Division are particularly located in the areas of Bwaise 
III, Bwaise II, Wandegeya (Katanga), Mulago III and Kawempe I (KCCA-Kawempe Division 5-Year Strategic Plan 
2014/15-2018/19). Figure 2.13 presents the administrative units of Kawempe Division up to ward level. The map also 
indicates the location of the informal settlements.  

Plate 2-1: Informal Settlements in Bwaise, Kawempe Division
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Figure 2-13: Kawempe Division and its Informal settlements
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1.7.11.2 SETTLEMENTS IN CENTRAL DIVISION

Kampala Central Urban Division Council is one of the 5 (five) divisions that make up Kampala Capital City. It is 
located in the centre and surrounded by all other Divisions Kawempe in the North, Makindye in the South, Nakawa 
in the East and Lubaga in the West. It covers a total of 15.64 km2, it is the smallest division divided into 20 parishes 
and 135 zones. The division incorporates much of the City Centre with CBD frame areas in the East (Business and 
high standard residential), in the South East (Industrial Zone), in the West and South West (Commerce, light Industrial 
workshops and high density slums) and to the North (Business and high standard residential) (KCCA-Central Division 
5-Year Strategic Plan 2014/15-2018/19).

The Division has an estimated day population of over 4.5 Million people and 1 million as night resident population. 
The Division is the most densely built division but given that most of the area is non-residential it retains the lowest 
population gross density. Kampala Central Division has the 7 slum settlements with an estimated population of over 
450,000. The slums in the Central Division are Mengo-Kisenyi, Kisenyi 1, Kamwokya 2, Kagugube, Bukesa Kakajjo, 
Kisenyi 2 and Kisenyi 3 (KCCA-Central Division 5-Year Strategic Plan 2014/15-2018/19).

Both scattered unplanned settlements and slums characterize the Division.  With the difference between informal 
settlements and slums being the mix of housing types (also called Mizigo in slums) and populations (almost 
exclusively Subsistence and below Social Economic category in slums), the density of construction (extremely high 
in the slums) and the proportion of open space, public and private to the built footprint, which is aggravated by 
encroachment into marginal land and especially the wetlands (KCCA-Central Division 5-Year Strategic Plan 2014/15-
2018/19). Figure 2.14 presents the administrative units of Kampala Central Division up to ward level.

The map also indicates the location of the informal settlements. 
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Figure 2-14: Kampala Central Division and its Informal settlements
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1.7.11.3 SETTLEMENTS IN MAKINDYE DIVISION 

Makindye Urban Division Council is one of the 5 (five) divisions that make up Kampala Capital City. The Division is 
the Second largest Division in Kampala; it covers approximately 39 Km and lies in the southeastern corner of the 
city. The Division borders Wakiso City to the South and West, Murchison Bay in the East, Nakawa Division in the 
Northeast, Kampala Central Division in the north and Lubaga Division lies to the northeast. The division is composed 
of a wide mix of parishes and neighborhoods including  

• Mature poor inner-city suburbs (Katwe I-II, Kibuye I-II, Makindye II, Kabalagala, Kibuli, Kisugu),  

• Mixed and middle class inner city suburbs (Nsambya, Buziga, Makindye I) and 

• Rapidly growing outer suburbs at its southern and eastern ends (Bukasa,  Ggaba, Lukuli, Luwafu).   The division, 
in both its inner-city neighborhoods and its newly growing outer suburbs, incorporates a wide mix of neighborhoods 
with large slums, very extensive informal settlements, structured poor suburbs, structured wealthy suburbs and 
assorted mixed areas (KCCA-Kawempe Division 5-Year Strategic Plan 2014/15-2018/19). 

The division is largely built-up with a relatively high average gross density close on 12,000 persons per 2km with 
wide range of densities from very low (Nsambya Housing) to very high (slums and informal inner suburbs). Out of 
the 31 identified slums in the City, 16 (26%) are located in Makindye Division. They are generally, but not exclusively, 
located in the flood prone lower valley areas and some in wetlands. Slums in Makindye Division are:  Katwe Base 
Zone, Kibuye 1, Kanakulya-Kapeke-Nabisalu, Kikuuba Mutwe, Katamba-Buyinja, Nsambya-Kevina, Katwe 1, 
Nsambya Gogonya , Salaama (Bunzaali Zone), Nyago, Wabigalo, Kasanga, Kisugu, Bukasa, Ggaba, Kilombe Lukuli, 
Katwe II, Kabalagala and Namuwongo (Figure 2.15). All these slums have been developed without any infrastructure, 
structured or formal organization (KCCA-Kawempe Division 5-Year Strategic Plan 2014/15-2018/19). 
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Figure 2-15: Makindye Division and its Informal settlements
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1.7.11.4 SETTLEMENTS IN NAKAWA DIVISION

Nakawa Division urban Council is one the 5 Divisions that constitute Kampala Capital City. Nakawa is bordered by 
Makindye Division and Lake Victoria to the South West; Central Division to the West, Kawempe Division to the North 
West and Wakiso City  to the North. The Division covers approximately 47.45 km2 with a land area of 39.4 km2 and 
approximately 8 km2 covered by water. It lies 1133.8 m.a.s.l and the littoral rises in most parts are from 1210 to 1372 
meters. The Division is located on the eastern side of the Kampala City, it is the gate-way to the Eastern part of the 
country and to Uganda’s neighbor Kenya (KCCA-Nakawa Division 5-Year Strategic Plan 2014/15-2018/19). 

The Division is composed of a wide mix of parishes and neighborhoods including: 

• Mature poor inner-city suburbs (Mulimira-Bukoto I, Kinawataka, Lower Balintuma, 

Butabika-Kirombe A) which are a wide mix of neighborhoods with large slums, very extensive informal settlements 
and structured poor suburbs 

• Mixed and middle class inner city suburbs (Mutungo-Zone 12, Kitintale and 

• Rapidly growing outer suburbs (Kyanja, Ntinda, Lake Drive)

• Affluent suburbs Ntinda, sections of Luzira, Banda, Bugolobi, Kensington housing  estates and Mbuya (KCCA-
Nakawa Division 5-Year Strategic Plan 2014/15-2018/19).

The population of Nakawa is a mixture of both the relatively poor (low to subsistence) with a high number of large, 
middle class and prestigious/high social economic status concentrations in Kyanja, Ntinda, Nakawa and the 
Bugolobi-Luzira area. Nakawa Division contributes approximately 20.3% of the total Kampala city population; the 
2002 population and housing census indicates that the Division has the highest institutional population at 30% 
compared to other Divisions in Kampala. Being both an industrial and institutional hub of Kampala city, the Division 
continues to attract both skilled and unskilled labor, which has in turn resulted into population growth of 4.8% 
(KCCA-Nakawa Division 5-Year Strategic Plan 2014/15-2018/19).

Out of the 31 identified slums in Kampala city , 8 are in Nakawa Division.  They are generally, but not exclusively, 
located in the flood prone lower valley areas and some in wetlands. Slums in Nakawa Division include: Banda- 
Kireka (B1), Kisenyi  – Luzira , Nabisunsa K-18 – Nabisunsa, Naguru remand Zone- Naguru II, Kasenke II- Naguru 
II, Mulimira, Kitintale Zone 12; Zone 9; Zone 10, Miwanda, Nsimbe- Kasi, Sentamu – Kavule, Lower Balintuma, 
Kamwanyi, Butabilka – Kirombe, Jambula- Bugolobi  and Katoogo (KCCA-Nakawa Division 5-Year Strategic Plan 
2014/15-2018/19). Figure 2.16 presents the administrative units of Nakawa Division up to ward level. The map also 
indicates the location of the informal settlements. 
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Figure 2-16: Nakawa Division and its Informal settlements
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1.7.11.5 SETTLEMENTS IN LUBAGA DIVISION  
 
Lubaga Urban Division Council is one of the 5 (five) divisions that make up Kampala Capital City. Lubaga comes 
from the Luganda word okubaga, a process of “planning” or “making a structure stronger” while constructing it. For 
example, okubaga ekisenge means to strengthen the internal structure of a wall while building a house. The Division 
covers approximately 36 Km2.  Lubaga Division is in the western part of the city, bordering Wakiso City to the west 
and south of the division. The eastern boundary of the division is Kampala Central Division. Kawempe Division lies 
to the north of Lubaga Division. The coordinates of the division are 00 18’N, 32 33’E (Latitude: 0.3029; Longitude: 
32.5529). Wards include Mutundwe, Nateete, Lungujja, Busega, Lubaga, Mengo, Namungona, Lubya and Lugala 
(KCCA-Lubaga Division 5-Year Strategic Plan 2014/15-2018/19). 

The Division has population estimate of about 384,386 people (UBOS, 2014). With the exception of Central 
Division, Lubaga is the most built-up division in the City. It has the largest population with the highest density of all 
divisions with an average gross density of approximately 13,000 residents per Km2 and very limited land reserves.   
The division is composed exclusively of inner-city suburbs, generally of moderate to high gross densities with 
only Mutundwe and Ndeeba classified as low density but with Najjanankumbi I classified as very high density. 
Nonetheless, very rapid growth has occurred over the past decade, primarily in Busega, Kabowa, Lubya and 
Lungujja. In contrast, Nakulabye, Namirembe and Ndeeba, located close to the City Centre, indicate stabilization of 
population. (KCCA-Lubaga Division 5-Year Strategic Plan 2014/15-2018/19).  

The division retains the largest proportion of the poor in the City with very large, dense slums and only Lungujja, 
Namirembe and LLubaga housing Middle Class populations of significant scale.  Out of the 31 identified slums in 
Kampala city, 8 (26%) are in Lubaga Division.  They are generally, but not exclusively, located in the flood prone lower 
valley areas and some in wetlands. Slums in Lubaga Division include:  Kosovo in Lungujja ward, Mabito, Kigaga in 
Natete parish, Kizito zone in Najjanankumbi II, Kiyaye & Kiwunya in Nakulabye parish, Kasenyi, Sembule, Nakaiza and 
Kironde in Kabowa parish, Kasumba, Nsiike I, Nsiiike II, Kidomole, Wilson and Betania zones in Ndeeba , Kabawo in 
Mutundwe parish, Kasubi, Lubya and Busabala Rd in Najjanankubi I (KCCA-Lubaga Division 5-Year Strategic Plan 
2014/15-2018/19). Figure 2.17 presents the administrative units of Lubaga Division up to ward level. The map also 
indicates the location of the informal settlements.  
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Figure 2-17: Lubaga Division and its Informal settlements
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Multi-Hazard assessment and mapping for 
Kampala city

OUTLINE

Chapter 3 presents the Multi-Hazard assessment and mapping for Kampala city. This chapter is sub-divided into 5 
sections as follows:

1) INTRODUCTION

2) GEOMORPHOLOGICAL AND GEOLOGICAL HAZARDS

a. Earthquakes

b. Soil erosion

3) CLIMATOLOGICAL HAZARDS 

a. Dry spells

b. Flood

c. Storms

4) BIOLOGICAL HAZARDS

a. Plant pests and diseases

b. Livestock parasites, vectors and diseases

c. Human epidemic diseases

d. Invasive species

e. Vermin

5) HUMAN INDUCED/ TECHNOLOGICAL HAZARDS 

a. Environmental degradation

b. Air pollution

c. Water pollution

d. Noise pollution

e. Accidents

f. Crimes

1.8 INTRODUCTION
A hazard and the resultant disaster can have different origins: natural (geological, Hydro-meteorological and 
biological) or induced by human processes (environmental degradation and technological hazards). Hazards can 
be single, sequential or combined in their origin and effects. Each hazard is characterized by its location, intensity, 
frequency, probability, duration, area of extent, speed of onset, spatial dispersion and temporal spacing (Cees, 2009). 
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In the case of Kampala city, hazards were classified following main controlling factors: 

i. Geomorphological or Geological hazards: These hazards are of two main types: those that result from Earth’s 
internal (tectonic) processes and those arising from Earth surface (geomorphic) processes, the processes that 
sculpt the landscape. The former group includes earthquakes, which are a consequence of tectonic processes and 
generally occur along plate boundaries while the latter group includes soil erosion. Damage is generally on a local or 
regional scale and related to building collapse, fires, landslides and subsidence, flooding, the release of poisonous 
gases, and associated hazards such as contamination or depletion of water resources, disease, famine, injury and 
death.  

ii. Climatological or Meteorological hazards: These result from the operation of the Earth’s climate system.  These 
hazards are driven primarily by energy from the Sun and include droughts, floods, and associated phenomena such 
as lightning, storms (strong winds, and hailstorms). Damage is generally on a local or regional scale and related to 
infrastructural impacts, fires, Landslides, flooding, and associated hazards such as contamination or depletion of 
water resources, agricultural losses, disease, famine, injury and death. 

iii. Ecological or Biological hazards: These hazards are controlled by solar energy since the spread and impact 
is influenced by the local and regional conditions, which include climate and the availability of food and other 
resources for their continued existence.  They include pests (the invasion of areas by insects, rodents and plants, the 
associated hazards of our attempts to eradicate or control them), and environmental diseases (endemic parasites, 
infectious diseases and epidemics.

iv. Human induced or Technological hazards: These are hazards originating from technological or industrial 
accidents, fires, transportation accidents, dangerous procedures (pollution), infrastructure failures or specific human 
activities that may cause the loss of life or injury, property damage, social and economic disruption or environmental 
degradation.    

1.9 GEOMORPHOLOGICAL AND GEOLOGICAL HAZARDS 

Geomorphological and geological hazards include;

1.9.1 EARTHQUAKES HAZARD ASSESSMENT AND MAPPING 
An earthquake (also known as a quake, tremor or temblor) is the perceptible shaking of the surface of the Earth, 
resulting from the sudden release of energy in the Earth’s crust that creates seismic waves (http://en.wikipedia.
org/wiki/Earthquake).   Earthquakes can be violent enough to toss people around and destroy whole cities. The 
seismicity of an area refers to the frequency, type and size of earthquakes experienced over a period.

Earthquakes are measured using observations from seismometers. The moment magnitude is the most common 
scale on which earthquakes larger than approximately 5 are reported for the entire globe. The more numerous 
earthquakes smaller than magnitude 5 reported by national seismological observatories are measured mostly on the 
local magnitude scale, also referred to as the Richter scale (http://en.wikipedia.org/wiki/ Earthquake).  These two 
scales are numerically similar over their range of validity. Magnitude 3 or lower earthquakes are mostly imperceptible 
or weak and magnitude 7 and over potentially cause serious damage over larger areas, depending on their depth. 
The largest earthquakes in historic times have been of magnitude slightly over 9, although there is no limit to the 
possible magnitude. Intensity of shaking is measured on the modified Mercalli scale. The shallower an earthquake, 
the more damage to structures it causes, all else being equal. 

At the Earth’s surface, earthquakes manifest themselves by shaking and sometimes displacement of the ground. 
When the epicenter of a large earthquake is located offshore, the seabed may be displaced sufficiently to cause a 
tsunami. Earthquakes can also trigger landslides, and occasionally volcanic activity.
In its most general sense, the word earthquake describes any seismic event, whether natural or caused by humans 
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that generates seismic waves. Earthquakes are caused mostly by rupture of geological faults, but also by other 
events such as volcanic activity, landslides, mine blasts, and nuclear tests. An earthquake’s point of initial rupture is 
called its focus or hypocenter. The epicenter is the point at ground level directly above the hypocenter2.

1.9.1.1 METHODOLOGY FOR EARTHQUAKES HAZARD MAPPING 

The earthquake hazard was assessed using the OpenQuake modeling engine. This involved, building a catalogue 
from instrumental seismic data with a unified magnitude that provides information on the location and frequency 
of earthquake occurrence during the past years and delineating seismic source zones based on geological and 
seismological evidence (faults and lithological veins). The seismic source zone were evaluated with earthquake 
seismic parameters (such as maximum expected magnitude), activity rate and b-value of the Gutenberg-Richter 
relation source zones. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Instrumental seismic data from seismic stations in the country-detailing source of the data; the date, origin time, 
coordinates of the earthquake; and a magnitude homogenized according to the moment magnitude scale was 
acquired from Geological Surveys and Mines Department. 

The model was run with the “OpenQuake” software to prepare the seismic hazard maps for 10% probability of 
exceedance in 50 years equivalent to the annual probability of exceedance equal to 0.2%. Developed by Global 
Earthquake Model (GEM), the OpenQuake engine is an open-source software written in the Python programming 
language for calculating seismic hazard and risk at variable scales (from single sites to large regions). The engine 
relies on two scientific Python libraries for hazard and risk computations, respectively, oq-hazardlib and oqrisklib. 
Since 2013, OpenQuake includes also the Hazard Modeler’s ToolsKit (HMTK), which is useful to create the 
seismogenic input models that go into Earthquake Hazard Assessment engine. The tools are broken down into 
separate libraries:

i) De-clustering, 

ii) Completeness, 

iii) Calculation of Gutenberg-Richter a- and b-value and

 iv) Statistical estimators of maximum magnitude from seismicity. 

Using OpenQuake engine, the degree of ground shaking is identified by quantitative measure and obtained via the 
recorded ground motion parameters,  expressed in terms of Peak Ground Acceleration (PGA), Peak Ground Velocity 
(PGV) or Permanent Ground Deformation (PGD). These parameters give direct and physical measures of the recorded 
ground motion during an earthquake. 

The output is a statistical estimate of the probability of exceedance as a function of PGA called hazard curve. From 
the hazard curves, OpenQuake extrapolated and produced the mean PGA value expressed in unit of g for 10% 
probability of exceedance in 50 years which correspond to return period of 475 years. Seismic hazard maps were 
produced and presented in terms of MMI after expressing the USGS conversion table values of PGA expressed in 
term of % of g in decimal by dividing these values per 100 as expressed in OpenQuake (Table 3.1). One return period 
was considered .i.e 475 years associated to 10% probability of exceedance in 50 years. 
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Table 3-1: MMI scale used by USGS

*Source: USGS

1.9.1.2  EARTHQUAKES HAZARD ZONATION MAPS

Earthquake occurrence in Uganda is associated with the East African Rift System (EARS) (Geological Surveys and 
Mines Department, 2012). Uganda lies between the two arms of the EARS. Its west border with D.R.Congo lies 
almost entirely in the western branch of the EARS, while the eastern border is about a few hundreds of kilometers 
from the Eastern Branch of the EARS; and there is more seismic activity in the western than in the eastern branch. 
Kampala city almost in the middle of both western branch and Eastern Branch of the EARS experiences earth 
tremors though minor with non-significant damage. 
Seismic hazard maps for 10% probability of exceedance of occurrence in 50 years, corresponding to 475 years 
return periods were prepared using a historical earthquake epicenters (1900-2013) catalogue compiled for 
homogeneous magnitudes (Mw), the Hazard Modeler’s Toolkit (HMTK) and OpenQuake software package developed 
by Global Earthquake Model (GEM). 

Using OpenQuake engine, the degree of ground shaking is identified by quantitative measure and is obtained via the 
recorded ground motion parameters expressed in terms of Peak Ground Acceleration (PGA), Peak Ground Velocity 
(PGV) or Permanent Ground Deformation (PGD). These parameters give direct and physical measures of the recorded 
ground motion during an earthquake. 

The output is a statistical estimate of the probability of exceedance as a function of PGA called hazard curve. From 
the hazard curves, OpenQuake extrapolates and produced the mean PGA value expressed in unit of g for 10% 
probability of exceedance in 50 years which correspond to return period of 475 years. The highest PGA values were 
found in the western areas of Kampala city in Lubaga Division extending to the Central Division where the PGA 
values of 0.05 g – 0.1 g expected to be exceeded with probability of 10% in 50 years.  The seismic hazard diminishes 
with distance from the western areas of the city corresponding to distance from Western Rift Valley.  Considering the 
10% probability of exceedance in 50 years, the intensity of MMI I, II and III are expected to affect Kampala (Figure 
3.1). The Figure 4.2 also presents the seismic hazard zones and Seismicity map of Uganda indicating the historical 
earthquake epicentres (1900-2013) as well as indicating the location of Kampala city.

Table 3-2: Modified Intensity Description Mercalli

Zone MMI Scale PGA (g) correspon-
dent Shaking Description of 

Damage

Very low I 0.01-0.02 Instrumental

Not felt. Marginal 
and long period 
effects of large 
earthquakes.

Low II 0.02-0.03 Feeble

Felt by persons 
at rest, on upper 
floors, or favourably 
placed.
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Zone MMI Scale PGA (g) correspon-
dent Shaking Description of 

Damage

Moderate III 0.039-0.092 Slight

Felt indoors. 
Hanging objects 
swing. Vibration 
like passing of light 
trucks. Duration 
estimated. May not 
be recognized as an 
earthquake.

 

*Adapted from Richter, 1958 and (USGS)  http://earthquake.usgs.gov/learn/topics/mercalli.php
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Figure 3-1: Earthquake hazard zonation map at 10% probability of  exceedance in 50 years
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1.9.1.3  LIMITATIONS OF EARTH QUAKES HAZARD MAPPING

No seismographic station is operational in the City. Therefore, assessment had to rely of the regional seismographic 
data from the four seismic stations in the country. The lack of seismic stations leads to an important uncertainty in 
the earthquake location in Kampala city.  

For sustainable seismic hazard assessment, a mapping of classification of soil based on the average shears S wave 
velocity over the top 30 m of soil is required.

1.9.1.4  RECOMMENDATIONS FROM EARTHQUAKES HAZARD MAPPING

This earthquake source zonation can be improved by supplementing the area sources used in this study with fault 
sources. An effective earthquake disaster mitigation strategy requires that base maps of known faults must be 
compiled, and efforts to detect possible unknown faults be made using Paleoseismology.  Paleoseismology is the 
science of the nature, the timing and the location of pre-instrumental earthquakes. If paleoseismic events are well 
documented, we can evaluate potential earthquake of specific faults. Information on paleo-earthquakes are highly 
needed for a sufficiently long period because active faults on land have long recurrence cycles. Evidence of paleo-
earthquakes can be found by investigating geologic sequences (depositional sediments) through direct excavation 
survey across active faults.

Seismic hazard analysis shows that the zones of moderate to very low hazard reaching the threshold PGA of 0.092 g, 
therefore it is recommended that structures be designed for seismic load. Buildings must meet the basic international 
standards to reduce loss of life in the event of a major earthquake.

Now only two active broadband seismic stations are operational across the country (Mbarara and Entebbe). 
To accurately locate earthquake, it is recommended to add at least one more in the city center in order to have 
a complete seismic network. It is also highly recommended to establish a position of Principal Seismologist 
(geophysicist or physicist with training in seismology) who would be responsible for seismic network operation and 
the interpretation of seismic data especially for Kampala city.

For sustainable seismic hazard assessment, a mapping of classification of soil based on the average shears S wave 
velocity over the top 30 m of soil is needed. This task is done based on geological map, boring and/or geophysical 
method. This map is important to predict amplification of ground surface motion (e.g. PGA) at a specific site. 

1.9.2 SOIL EROSION AND ROCK FALLS HAZARD ASSESSMENT AND MAPPING

Soil erosion is one form of soil degradation. The erosion of soil is a naturally occurring process on all land. The 
agents of soil erosion are water and wind, each contributing a significant amount of soil loss each year. Soil erosion 
may be a slow process that continues relatively unnoticed, or it may occur at an alarming rate causing serious loss 
of topsoil. The loss of soil from farmland may be reflected in reduced crop production potential, lower surface water 
quality and damaged drainage networks.
While erosion is a natural process, human activities have increased by 10-40 times the rate at which erosion is 
occurring globally. Excessive (or accelerated) erosion causes both “on-site” and “off-site” problems. On-site impacts 
include decreases in agricultural productivity and (on natural landscapes) ecological collapse, both because of loss 
of the nutrient-rich upper soil layers. In some cases, the eventual result is desertification. Off-site effects include 
sedimentation of waterways and eutrophication of water bodies, as well as sediment-related damage to roads and 
houses. Water and wind erosion are the two primary causes of land degradation; combined, they are responsible 
for about 84% of the global extent of degraded land, making excessive erosion one of the most significant 
environmental problems worldwide. 
Intensive agriculture, deforestation, roads, anthropogenic climate change and urban sprawl are amongst the 
most significant human activities concerning their effect on stimulating erosion. However, many prevention and 
remediation practices can curtail or limit erosion of vulnerable soils.

KCCA Report 2018.indd   71 8/7/18   10:33 PM



72 Multi-Hazard, Risk And Vulnerability Profile For Kampala City

1.9.2.1  METHODOLOGY FOR SOIL EROSION AND ROCK FALLS HAZARD MAPPING
Soil erosion and rock falls hazards mapping employed a combination of participatory mapping and spatial multi-
criteria analysis (SMCA). Participatory mapping involved stakeholder engagements carried out in close collaboration 
with OPM’s DRM team and the city  disaster management focal persons with the aim of identifying soil erosion and 
rock falls prone areas. Focus Group Discussions (FGDs) and key informant interviews guided by checklist tools were 
conducted involving KCCA Risk Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer 
at city level and Town Clerks, Division Risk Champions, Road officers, Ward Administrators, production officers, 
Health Inspector, Physical Planner and Engineers at Division level. FGDs were carried out in the five Divisions of 
Kampala city i.e. Central, Nakawa, Makindye, Lubaga and Kawempe Divisions. 

FIELD SURVEY IN SELECTED SOIL EROSION AND ROCK FALLS PRONE AREAS 

Using Participatory GIS (PGIS) through the FGDs and KIIs soil erosion and rock falls prone areas were identified 
based on historical records and testimonies from participants and indigenous knowledge. The field visits were 
carried out to enhance identification and mapping of locations where soil erosion and rock falls have occurred, using 
a handheld Spectra precision Global Positioning System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 
Datum. The entities captured included: hazard location, (Division and Ward), extent of the hazard, height above sea 
level, slope position, topography, neighboring land use, information on the period of occurrence, and to evaluate 
different characteristics that led to soil erosion and rock falls. Simple observation and experts’ opinions were helpful 
to visualize the extent of soil erosion and rock falls, to know the type of historical erosion and to identify the possible 
and potential triggers. This information was integrated with the spatial multi-criteria analysis (SMCA) results whose 
procedure is described below:  

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Hazard assessment for soil erosion employed semi-quantitative susceptibility index approach, by adopting a spatial 
multi-criteria analysis (SMCA) method in ArcGIS environment.  The susceptibility index used indicator maps collected 
from reliable secondary sources (Boerboom, et al., 2009). The semi-quantitative index approach is considered useful 
in the following two situations:

1) As an initial screening process to identify soil erosion hazards and 2) when the possibility of obtaining numerical 
data is limited.

Semi-quantitative approaches consider explicitly a number of factors influencing the soil stability. This particular 
study will involve seven factors including; lithology, soil type, soil depth, rainfall, slope, land cover, and distance 
to roads. Data sources included: soil data obtained from National Agricultural Research Laboratories – Kawanda 
(NARL), Rainfall from Uganda National Meteorology Authority, Digital Elevation Model (DEM), SLOPE, ASPECT (30m 
resolution) data from SRTM Shuttle Radar Topography Mission (SRTM), roads from KCCA and landcover generated 
from satellite imagery processing. A range of scores and settings for each factor were used to assess the extent to 
which that factor is favorable or unfavorable to the occurrence of soil erosion. The theoretical background for the 
multi-criteria analysis is based on the analytical hierarchical process (AHP) developed by Saaty (Saaty, 1980). The 
AHP has been extensively applied on decision-making problems, and only recently, some research has been carried 
out to apply AHP to soil erosion susceptibility mapping.

SCORING AND WEIGHTING PROCESS

This study adopted the classification of soil as proposed by the Food and Agriculture Organization (FAO) manual 
of methods and materials in soil conservation.  A score between 0 and 10 was assigned to each factor. After 
classification of the selected factors, each factor was assigned a weight according to its level of potential influence 
to cause soil erosion. Through experts’ opinion and depending on observed physical characteristics of affected sites 
from FGDs and KIIs information, the levels of influencing factors were determined. 
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Spatial data for the seven factors (i.e. lithology, soil type, soil depth, rainfall, slope, land cover and distance to roads) 
was compiled and used in the analysis considering their respective influence to soil erosion through spatial multi-
criteria analysis (SMCA) method in ArcGIS environment following the conceptual framework presented in  Figure 3.2 
below. 

Figure 3-2: Contextual Framework for Soil erosion Susceptibility Mapping

1.9.2.2  SOIL EROSION AND ROCK FALLS HAZARDS ZONATION MAPS
 
Key findings from participatory mapping indicated that soil erosion is a common occurrence in Kampala city during 
the rainy seasons. In Kawempe Division: susceptible areas include borrow pit area at St Peter’s Church at Kanyanya 
Parish while Kazo – Angola (Jackana road) and Bwaise III  are always associated with silting during rainy seasons 
which eventually blocks the culverts. Erosion along drainage channels cause gullies, which always cause road 
accidents as road edges are eaten up, buildings eroded and registered loss of lives because of drowning in deep 
gullies caused by erosion during rains. Other prone areas include Kisalosalo zone in Kyebando ward, Kakungulu 
zone in Kawempe II and Kilokole zone in Kawempe I,  Kanyanya ward, Butakabukilwa zone in Mulago I, Upper 
Nsooba zone in Mulago III, and Kiganda zone Kawempe I.

In Makindye Division, most prone areas include Salama, Buziga, Lukuli, Luwafu, Muyenga, Kasanga and Bukasa. 
Incidences of rock falls observed in Bukasa – Muyenga because of stone blasting in the existing stone quarry. In 
Nakawa Division, most prone areas include Kinawataka, Bukoto and Ntinda. Incidences of rock falls observed in 
Kinawataka as a result of stone blasting in the existing stone quarry and around borrow pits in Ntinda Factory Close 
areas where loss of lives have been recorded due to drowning in the deep borrow pits during rainy seasons. 

In Lubaga Division, most prone areas include hilly areas of Mutundwe and parts of Kasubi, Namungona, Nakulabye 
While in Central Division most prone areas include Kisenyi I, Kisenyi II, Kisenyi III, Kagugube, Bukesa, Kamwokya 
I, Kamwokya II, Kololo II wards. This is more prevalent in informal settlements, along road shoulders and barely 
exposed ground. Damages due to soil erosion include development of potholes on roads causing accidents, loss of 
property such as houses especially in Salama, silting of drainage channels during rainy seasons, which eventually 
blocks the culverts. Some of the crops mentioned as affected by soil erosion include yams, cassava and beans, 
although this is a small scale.  The Figure 3.3 presents soil erosion prone areas in Kampala city.
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Figure 3-3: Soil erosion prone areas, Kampala City  
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1.9.2.3  LIMITATIONS OF SOIL EROSION AND ROCK FALLS HAZARD MAPPING

The data available did not allow the application of deterministic soil erosion, hazard assessment methods, which are 
required to derive soil erosion, quantitative hazard maps. Furthermore, the application of statistical or probabilistic 
methods is not possible because of the lack of a sufficiently complete soil erosion inventory. The lack of soil erosion, 
inventory datasets made the weighting of factors dependent on experts’ opinion.

1.9.2.4  RECOMMENDATIONS FROM SOIL EROSION AND ROCK FALLS HAZARD MAPPING
This soil erosion, hazard assessment revealed that areas with higher likelihood of hazard are scattered throughout the 
entire city especially particularly areas with slope gradient 20%+. Its critical that KCCA gives particular attention to 
land use planning. In so doing, it will directly contribute to reduction of soil erosion and vegetative cover removal and 
thereby help in the stabilization of the soils.

1.10 CLIMATOLOGICAL AND METEOROLOGICAL HAZARDS 

These include;

1.10.1 DRY SPELLS HAZARD ASSESSMENT AND MAPPING

Dry spell is a period of below normal average precipitation in a given region; resulting in prolonged shortages in its 
water supply, whether atmospheric, surface water or ground water. A dry spell can last for months or years. It can 
have a substantial impact on the ecosystem and agriculture of the affected region and harm to the local economy. 

TYPES OF DRY SPELLS

People tend to define dry spells in three main ways: 

METEOROLOGICAL DRY SPELLS - Brought about when there is a prolonged time with less than normal 
average precipitation. Meteorological dry spells usually precede the other kinds of dry spells. 

AGRICULTURAL DRY SPELLS - are dry spells that affect crop production or the ecology of the range. This 
condition can also arise independently from any change in precipitation levels when soil conditions and erosion 
triggered by poorly planned agricultural endeavors cause a shortfall in water available to the crops. 

HYDROLOGICAL DRY SPELL - Brought about when the water reserves available in sources such as aquifers, 
lakes and reservoirs fall below the statistical average. Hydrological dry spell tends to show up more slowly because it 
involves stored water used but not replenished. More than just a loss of rainfall can trigger these dry spells.

1.10.1.1  METHODOLOGY FOR DRY SPELLS HAZARD MAPPING

Standard Precipitation Index (SPI) will be used to map out the drought susceptibility given that the Uganda National 
Meteorological Authority (UNMA) has already adopted it for assessing the country drought situation. In addition, due 
to gaps in the availability data so far reviewed from the Meteorology Authority, the SPI is ideal as it is based only on 
precipitation data, which is readily available at the Authority. SPI has many advantages over other drought indices, 
such as the Palmer drought index, which requires more variables. The SPI calculation for any location is based on the 
long-term precipitation record for a desired period. The SPI was calculated from monthly precipitation records by first 
fitting in the gamma probability distribution function and then transforming the results into a normal distribution in 
such a way that the mean SPI is set to zero (McKee, 1993; Edwards, 1997).  Positive SPI values indicate greater than 
median precipitation and negative values indicate less than median precipitation. Because the SPI is normalized, 
wetter and drier climates can be represented in the same way; thus, wet periods can also be monitored using the SPI.
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SPI analysis has its strength in identifying temporal variation in precipitation at different locations with respect 
to available climatological values. A robust spatial comparison is data-intensive to identify drought prone areas 
(Guttman, 1999) although SPI does not take into account the surplus or deficit in precipitation in preceding seasons 
into its computation. 
This study adopted the classification system shown in the SPI value table below (Table 3.3) to define drought 
intensities resulting from the SPI as according McKee et.al (1993). They also defined the criteria for a drought event 
for any of the timescales. A drought event occurs any time the SPI is continuously negative and reaches an intensity 
of -1.0 or less. The event ends when the SPI becomes positive. Each drought event, therefore, has a duration defined 
by its beginning and end, and an intensity for each month that the event continues. The positive sum of the SPI for all 
the months within a drought event can be termed the drought’s “magnitude”.

TABLE 3-3: SPI VALUES

*Adopted from McKee,1993

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

The necessary climatic data required for computing the indices include; monthly total rainfall and monthly mean 
temperature, these were collected from the Uganda National Meteorological Authority (UNMA). The SPI_SL_6.exe 
software tool was used for the computation of SPI as developed by the National Drought Mitigation Center, USA. The 
program computes Standard Precipitation Indices up to six intervals of time (i.e. 1-, 2-, 3-, 4-, 6-, 12 month SPI). This 
temporal flexibility allows   SPI to be useful in both long-term hydrological applications and short-term agriculture 
(Sirda, 2003). The negative and positive values of SPI stand for drought and wet conditions. The input file is an ASCII 
text file containing 3 columns: Year, Month and Monthly Precipitation Value, in that order. The precipitation total, 
which does not include decimals, was shown in either inches or mm. The missing data was then reported as -9900 
and the output file has a .dat (or .txt or .spi etc.) extension.

1.10.1.2 DRY SPELLS HAZARD ZONATION MAPS 

Dry spells hazard analysis indicated that the values of SPI computed for the years 2010 to 2014 ranged between 0 
to -0.1 in most of the months. However, SPI were as low as -1.4 in August, around -1.0 in July and June and around 
-0.05 in September. By applying SPI classes corresponding to drought intensity proposed by McKee et al.1993, the 
worst drought scenarios for a period of 2010-2014 in Kampala city represent only mild to moderate drought situation 
with areas around Central and Makindye Divisions having the lowest SPI values. Dry spells hazard analysis therefore 
indicated only mild to moderate drought (dry spells) for Kampala city.  Figure 3.4 presents dry spells zones ranging 
from moderately to very Low specifically for the dry spells month June-July-August.

In addition, key findings from participatory mapping indicated diminished crop growth or yield productions and 
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carrying capacity for livestock, dust bowls, dust storms, and hunger due to too little water to support food crops, 
malnutrition, dehydration and related diseases, shortages of water for industrial users, social unrest and general rise 
in temperatures as the main impacts of dry spells. Areas Kyanja, Mpererwe, Komamboga, Kazo and Kawempe II in 
Kawempe were indicated as active in practicing urban agriculture practice and suffer most crops failure during dry 
spells. 

1.10.1.3  LIMITATIONS OF DRY SPELLS HAZARD MAPPING

The dry spells hazard analysis was based on SPI, that is based only on precipitation. Other factors could contribute 
to dry spells.  The SPI does not consider soil water-balance component, thus no ratios of evapotranspiration/
potential evapotranspiration (ET/PET) were calculated.  Another limitation met during this study was the recording of 
data. The data recording in the city is still a problem mainly for continuous data. The use of SPI model was difficult 
because it requires at least 30-recorded years and without interruption and data gaps.  
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Figure 3-4: Dry spells zones for SPI June-July-August 
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1.10.1.4  RECOMMENDATIONS FROM DRY SPELLS HAZARD MAPPING

A new variation of the index by Vicente-Serrano et. al (2010) attempts to address the PET issue by including 
a temperature component in the calculation of their new index called the Standardized Precipitation and 
Evapotranspiration Index (SPEI). The inputs required to run the program are precipitation, mean temperature and 
latitude of the site(s), although this data is often not easily available.

The unpredictable rainfall patterns in the country compounded by non-comprehensive rainfall observations from 
climate meteorologists, requires policymakers to establish early warning for dry spells and tracking systems to 
minimize damage and create resilience in the event of dry spells. 

As climate change and climate variability impacts keep worsening, dry spells could cause much suffering on the city 
communities destroying crops, animals and livelihoods. Long-term monitoring of climate is highly recommended.

Finally, the Water Requirement Satisfaction Index (WRSI) could be employed to study drought conditions in the 
city in addition to conducting further study on soil types and their ability to store water, the depth and presence of 
ground water supplies this could be.  All these factors play important roles in the occurrence of drought.

1.10.2 FLOOD HAZARD ASSESSMENT AND MAPPING

Estimation of flood inundation and its risk is increasingly a major task in relevant national and local government 
bodies worldwide (Xihua et al., 2002). Excessive rains in certain areas of the Uganda, for example excessive rains in 
the period July-September 2007 caused extensive flooding in Teso region resulting into crop losses, both pre- and 
post-harvest, were very high (FAO/WFP, 2008). Flooding is a result of complex interaction between several factors. 
In this study, 4 factors were considered to derive a flood prone and susceptibility map (Slope % rise, land use types, 
soil textural classes and rainfall intensity).

Flooding in Kampala results from several factors, including; flash floods, rivers bursting their banks, coastal floods 
etc. However, urban flooding is a category of its own, caused by poor drainage in urban areas and (FLOOD site, 
208).

Many cities in the world, particularly those in Africa are faced with growing problems associated with flooding. 
Increased rain frequency and intensity alongside other factors such as settlement in flood plains, poor waste 
management, and increased surface run off exacerbate the situation. This section describes flood-mapping exercise 
done for Kampala city.

 
Plate 3-1: Flood Impacts of  Flooding in Kampala

*Source: Ssejoba, 2015
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1.10.2.1  METHODOLOGY OF FLOOD HAZARD MAPPING

The creation of the river basins and river profiles was validated using Google-Earth/map images of the river basins 
and Digital Elevation Models. The following steps were used in the development of flood inundation maps:

STEP 1: Extraction and profiling of river and basin from Aster data using HEC-GeoHMS.

STEP 2: Creation of river centerline, bank line, cross section in GIS platform by using HEC-GeoRAS.

STEP 3: Estimation of floods at different return periods (this analysis uses three different return periods; 10 and 50 
years) for each river using Extreme Type I distribution (Gamble distribution). Rainfall data have been used to calculate 
return period in case of no discharge data.

STEP 4: Computation of flood levels using HEC-RAS.

STEP 5: Export of the result from HEC-RAS into GIS platform for mapping of flood inundation area.

Tools Used, Data requirements and Data processing 

This assessment required ArcGIS 10.2 software, with extensions of HEC-GeoHMS, HEC-GeoRAS and HEC-RAS.  

The Geospatial Hydrologic Modeling Extension (HEC-GeoHMS) was developed as a geospatial hydrology toolkit, 
which uses ArcGIS to develop a number of hydrologic modeling inputs for the Hydrologic Engineering Center’s 
Hydrologic Modeling System, HEC-HMS. ArcGIS software is available from the Environmental Systems Research 
Institute, Inc. (ESRI). Analyzing digital terrain data, HEC-GeoHMS transforms the drainage paths and watershed 
boundaries into a hydrologic data structure that represents the drainage network. The program allows users to 
visualize spatial information, document watershed characteristics, perform spatial analysis and delineate sub basins 
and streams. (http://www.hec.usace.army.mil/software/hec-geohms/index.html)

HEC-GeoRAS is a set of procedures, tools, and utilities for processing geospatial data in ArcGIS using a graphical 
user interface (GUI). The interface allows the preparation of geometric data for import into HEC-RAS and processes 
simulation results exported from HEC-RAS. To create the import file, the user must have an existing digital terrain 
model (DTM) of the river system in the ArcInfo TIN format, or Digital Elevation Model (DEM). The user creates a series 
of line themes pertinent to developing geometric data for HEC-RAS. The themes created are the Stream Centerline, 
Flow Path Centerlines (optional), Main Channel Banks (optional), and Cross Section Cut Lines referred to as the RAS 
Themes. (http://www.hec.usace.army.mil/software/hec�ras/hec-georas.html)

HEC-RAS designed to perform one-dimensional hydraulic calculations for a full network of natural and constructed 
channels. The HEC-RAS system contains four one-dimensional river analysis components for: (1) steady flow 
water surface profile computations; (2) unsteady flow simulation; (3) movable boundary, sediment transport 
computations; and (4) water quality analysis. A key element is that all four components use a common geometric 
data representation and common geometric and hydraulic computation routines .

Flood hazard assessment and mapping required the following data: detailed hydrological (rainfall, river flows) (from 
Directorate of Water Resources Management), meteorological (from Uganda National Meteorological Authority), land 
use/ land cover and geomorphologic data (KCCA).
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1.10.2.2  FLOOD HAZARD MAPS
 
Flood hazard represents the probability of occurrence of a flooding event at a certain level of severity that is 
measured by depth of water in the area. Thus the base for these assessments are the inundation maps resulting from 
the HEC-RAS model that related flooding in terms of probably of occurrence (ARI) and severity (water depth.). 

HEC-RAS operates as 1D and 2D hydrodynamic mode and specifically for the flooding analysis: it simulates the flow 
carried by secondary and primary drains, and the overflow (flow that exceeds the flow capacity) from the drainage 
system into the adjacent territories.  

To implement the flow boundaries conditions, it is necessary to import the following input from MIKE URBAN 
elaboration: 

• Flow carried by secondary drains

• Overflow from the secondary drains (flow that exceeds the flow capacity) 

The post-processing phase shows all the hydraulic results, both for the part of 1D modelling that for the part of 2D 
modelling, for example; depth of the flow, water surface elevation, velocity, flow, shear stress and stream power and 
inundation boundary. 

The most important output obtained from HEC-RAS simulations are the inundation maps and from RAS-Mapper 
elaborations, it is possible to export the shapefile of flooding maps for the subsequent GIS post-processing. For 
each basin and for three-recurrence interval 5 years, 10 years and 100 years all the flooding maps are showed in 
Annex III. Inundation maps besides being functional to the risk analysis would be a useful reference to identify areas 
where infrastructures should not be located. 

To assess the flood hazard the Consultant referred to a methodology developed in

Switzerland (BWW et. al. 1997) that considers two parameters: intensity (or severity) in terms of water depth and 
probability, in terms of ARI, combining them in a matrix (probability-intensity-matrix) to indicate different levels of 
hazard.

The sense of the matrix is that for high probable events (low ARI) the hazard is major while it is more acceptable that 
flooding occurs for higher return period events: i.e. for 10-years events hazard classes range from low to high while 
for 100-years events hazard classes range from low to medium Figure 3.5). As aforementioned the flooding maps, 
outcome of HEC-RAS, are then elaborated through ArcGIS according to the matrix illustrated above to obtain Flood 

The most prone areas include: around Bwaise roundabout with Kampala Northern Bypass, areas around Kalerwe - 
Gazaya road round about, areas around Nsoba and areas near Bukoto roundabout with Kampala Northern Bypass, 
areas around Entebbe road - Clock Tower,  Jinja road traffic lights area, Kamwokya II, and some areas in Industrial 
area.

Figures 3.6 presents map for Flood water Depth ARI 10 years map while Figures 3.7 present map for Flood water Depth 
ARI 50 years. In addition Figures 3.8 presents map for Flood hazard map for 10 years map while Figures 3.9 present map 
for Flood Hazard map for ARI 50 years.

KCCA Report 2018.indd   81 8/7/18   10:33 PM



82 Multi-Hazard, Risk And Vulnerability Profile For Kampala City

Figure 3-6: Flood water Depth ARI 10 years
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Figure 3-7: Flood water Depth ARI 50 years

KCCA Report 2018.indd   83 8/7/18   10:33 PM



84 Multi-Hazard, Risk And Vulnerability Profile For Kampala City

Figure 3-8: Flood risk map for 10 years
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Figure 3-9: Flood risk map for 50 years
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1.10.2.3  FLOOD RISK MAPS
1.10.2.4 
Finally, the flood risk maps are elaborated in ArcGIS through the super-imposition of the flood hazard layers and 
demanded level of protection layer combined as indicated in the matrix below. Flooding of lower value areas where 
there are no buildings and infrastructure lead to lower risks in terms of safety and loss of money especially if the 
hazard (severity and probability is lower). If a residential area is subject to frequent and important flooding the risk is 
classified as high (Figure 3.10). See Annex III for the Risk Maps resulting from the ArcGIS elaboration.  

Figure 3-10: Flood Risk Matrix

Figures 3.11 presents map for Flood risk map for ARI 10 years map while Figures 3.12 present map for Flood risk map for ARI 

50 years.

Plate 3-3: Drainage channel at Bwaise with house structures located in the flood plains
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Figure 3-11: Flood Extent Map for ARI 10 years 
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Figure 3-12: Flood Extent Map for ARI 50 years
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1.10.2.5  ELEMENTS AT RISK FOR FLOOD HAZARD

Elements at risk were identified and mapped in the flood zones. These include crop fields, house structures, roads, 
brick-laying activities, market centers, churches, nursery beds, flower gardens and grazing areas. These items are 
located in the waterlogged areas and interviews with the locals indicated that these structures area usually affected 
on the onset of floods in the area. Some identified structures were located in areas around Bwaise roundabout with 
Kampala Northern Bypass, areas around Kalerwe - Gazaya road round about, areas around Nsoba and areas near 
Bukoto roundabout with Kampala Northern Bypass, areas around Queen’s way clock tower along Entebbe road. 
Pictures below demonstrate the situation of flooding in Kampala.

1.10.2.6  LIMITATIONS OF FLOOD HAZARD MAPPING

The main limitation for this flood hazard assessment was lack of sufficient data. For carrying out a complete flood 
hazard assessment, detailed data on rainfall events, river profiles or drainage systems, soils’ hydraulic properties, 
and land cover information are required. These should allow the use of more robust 1D, 2D or 1D2D models like HEC-
RAS, OpenLISEM, SOBEK, MIKE-SHE, etc. 

In addition, the lack of hydrometric stations in different floodplain locations was a barrier in the estimation of total 
flood affected area across the city.

1.10.2.7  RECOMMENDATIONS FROM FLOOD HAZARD MAPPING

It is recommended that the calibration and validation can be done by taking into account discharge, flood depth 
and duration in different locations of floodplain. It’s recommended that relevant monitoring system (i.e. hydrometric 
stations) can be put in floodplains that are reported to be affected by flood.

1.10.3 STORMS’ HAZARDS’ ASSESSMENT AND MAPPING

1.10.3.1  HAILSTORMS

Hail is a form of solid precipitation. It consists of balls or irregular lumps of ice, called hailstone. Hail is different from 
Sleet (ice pellets). While Sleet (ice pellets) falls generally in cold weather, hail growth is greatly inhibited during cold 
surface temperatures. Unlike graupel, which is made of rime, and ice pellets, which are smaller and translucent, 
hailstones consist mostly of water ice and measure between 5 millimeters (0.2 in) and 15 centimeters (6 in) in 
diameter. The METAR reporting code for hail 5 mm (0.20 in) or greater is GR, while smaller hailstones and graupel are 
coded GS.
Hail is possible within most thunderstorms as it is produced by cumulonimbi and within 2 nautical miles (3.7 km) of 
the parent storm. Hail formation requires environments of strong, upward motion of air with the parent thunderstorm 
(similar to tornadoes) and lowered heights of the freezing level. In the mid-latitudes, hail forms near the interiors of 
continents, while in the tropics, its confined to high elevations.
1.10.3.2 There are methods available to detect hail-producing thunderstorms using weather satellites and weather 
radar imagery. Hailstones generally fall at higher speeds as they grow in size, though complicating factors such as 
melting, friction with air, wind, and interaction with rain and other hailstones can slow their descent through Earth’s 
atmosphere. Severe weather warnings are issued when the stones reach a damaging size, as it can cause serious 
damage to human-made structures and, most commonly, farmers’ crops.

1.10.3.3  STRONG WINDS

Wind is the movement of gas. On the surface of the Earth, wind consists of the bulk movement of air. In meteorology, 
winds are classified according to their strength, and the direction from which the wind is blowing. Short bursts of 
high speed wind are called gusts. Strong winds of intermediate duration (around one minute) are termed squalls. 
Long-duration winds have various names associated with their average strength, such as breeze, gale, storm, and 
hurricane. 
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Wind is caused by differences in the atmospheric pressure. When a difference in atmospheric pressure exists, air 
moves from the higher to the lower pressure area, resulting in winds of various speeds. On a rotating planet, air 
will also be deflected by the Coriolis effect, except exactly on the equator. Globally, the two major driving factors 
of large-scale wind patterns (the atmospheric circulation) are the differential heating between the equator and the 
poles (difference in absorption of solar energy leading to buoyancy forces) and the rotation of the planet. Outside the 
tropics and aloft from frictional effects of the surface, the large-scale winds tend to approach geostrophic balance. 
Near the Earth’s surface, friction causes the wind to be slower than it would be otherwise. Surface friction also 
causes winds to blow more inward into low pressure areas. 

1.10.3.4  LIGHTENING

Lightning is a sudden high-voltage discharge of electricity that occurs within a cloud, between clouds, or between 
a cloud and the ground. The distribution of lightning on Earth is far from uniform. The ideal conditions for producing 
lightening and associated thunderstorms occur where warm, moist air rises and mixes with cold air above. These 
conditions occur almost daily in many parts of the Earth and rarely in other areas. Globally, there are about 40 to 50 
flashes of lightning every second or nearly 1.4 billion flashes per year. These electrical discharges are powerful and 
deadly. Each year, lightning strikes killing people, livestock, and wildlife. 

1.10.3.5  METHODOLOGY FOR STORMS HAZARDS MAPPING

Storms (Hailstorms, windstorms and lightening) hazards’ mapping employed a combination of participatory mapping 
and spatial analysis in a GIS environment. Participatory mapping involved stakeholder engagements carried out 
in close collaboration with OPM’s DRM team and the city disaster management focal persons with the aim of 
identifying storms’ prone areas based on historical records and testimonies from participants and indigenous 
knowledge. Focus Group Discussions (FGDs) and key informant interviews guided by checklist tools were conducted 
involving KCCA Risk Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city 
level and Town Clerks, Division Risk Champions, Road officers, Ward Administrators, production officers, Health 
Inspector, Physical Planner and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala 
city i.e. Central, Nakawa, Makindye, Lubaga and Kawempe Divisions. 

GEO-REFERENCING SELECTED STORMS’ PRONE AREAS 

The field visits were carried out to enhance identification and mapping of locations where incidences like hailstorms, 
strong winds and lightening have occurred, using a handheld Spectra precision Global Positioning System (GPS) 
unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities captured included: hazard location, (Division and 
Ward), extent of the hazard, height above sea level, topography, neighboring land use, information on the period of 
occurrence, and to different characteristics that could have led to storms.  This information was integrated with the 
spatial modelling described below:  

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

To characterize and map Storms hazards, wind speed modeling approach developed by Morjani (2011) which 
consists of a two-step process was adopted:  

STEP 1: To estimate the annual maximum daily mean wind speed for 10 years return period. At this step, 
meteorological data (Wind speed and humidity) downloaded from Global Weather Dataset ( https://globalweather.
tamu.edu/) for hypothetical weather stations were analyzed and the frequency analysis carried out. 

STEP 2: To map out the spatial distribution of wind speed intensity by conducting a stepwise regression analysis.

This analysis followed 5 main steps: 

1. Extraction of the daily maximum wind speed data from a selected Global weather dataset stations. 

2. Estimation of the annual maximum mean wind speed for 10-year return period using Gumbel frequency analysis. 

KCCA Report 2018.indd   90 8/7/18   10:34 PM



Multi-Hazard, Risk And Vulnerability Profile For Kampala City 91

3. The maximum wind speed data were ranked in ascending order and the empirical frequency was computed for 
each value using the Hazen formula:

F=r-o.5/n           EQUATION 1                    

Where r is the rank for each value and n is number of the years of record.

The Gumbel Reduced Variate u is calculated by applying this equation:

U=-ln [-ln (fx)]=-ln [-ln(1-1/T)]        EQUATION 2    

With F(x) = 1-1/T and T = the return period (10 years).

The annual maximum mean wind speed value for the desired return period T are calculated using the following 
statistical model xt = a+b u= a+ b (-ln[-ln( 1-1/t)] with xt = value of variate with a return period T.

4. Interpolation of the Annual maximum mean wind speed for 10 year return period using the selected regression 
models in ArcGIS tool. The interpolation method used was the Inverse Distance Weighting (IDW). This model 
combines the idea of proximity espoused by Thiessen polygons with the gradual change of a trend surface 
(Thiessen, 1911). 

Measured values closest to the predicted location have more influence on the predicted value than those farther 
away. This distance-decay approach has been applied widely to interpolate climatic data (Legates and Willmott, 
1990). IDW assumes that each measured point has a local influence that diminishes with distance.

The usual expression is:

     EQUATION 3

where ˆZ(s0), Z(s) represent the predicted and observed value at location si0, si, N is the number of measured sample 
points used in the prediction, w(d) is the weighting function and di is the distance from s0 to s. Based on the structure 
of IDW expression, the choice of weighting function can significantly affect the interpolation results. 

5. The last step was to derive the spatial distribution of the intensity level of storms hazard for each return period 
from the Annual maximum mean wind speed distribution maps. The Beaufort Wind scale was used to characterize 
different classes of wind due to its speed (m/s). The Table 3.4 below gives more details.

Table 3-4: Beaufort Storm Scale
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*Source: (NOAA, 2008)  

1.10.3.6  STORMS’ HAZARDS’ ZONATION MAPS

1.10.3.7 Key findings from Participatory mapping indicated that Kampala city experiences hailstorms usually at 
the onset of rainy seasons with areas around the Lake Victoria shore in Makindye and Nakawa Divison being most 
affected. Damages due to hailstorms recorded include destruction of crops especially banana, maize etc as well as 
loss of the livestock for example: 2 farmers supported by NAADS in Makindye II, Makindye division made 100% loss 
of about 60 pigs due to hailstorms in 2016. 
Strong winds were also recorded in areas surrounding Murchison Bay along Lake Victoria shoreline in Makindye 
Division with damages ranging from destruction of crops to destruction of property.  For example: in Nakawa Division 
about 5 cars parked around Kyambogo stage were broken by falling trees due to hailstorms in 2016. Similarly, an 
increase in incidences of lightening during rainy seasons was recorded for areas surrounding Murchison Bay along 
Lake Victoria in Makindye Division targeting mostly trees. 

Storms’ spatial analysis considering a 10 year return period,  revealed that 45.5% of the city is affected by Light 
breeze with wind speed ranging between (2.7-3.6) while 24% of the total area of the city is affected by Moderate 
breeze with wind speed ranging between (7.2-8). Areas in Makindye Division in Ggaba, Buziga and Salaama and 
Nakawa Division in areas of Luzira and Luzira prisons are affected by Moderate breeze. Areas of Kawempe, Lubaga 
and Centrak Division are affected by Light breeze. Figure 3. 13 presents storms’ hazard map of 10 year return period. 
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Figure 3-13: Storms’ Hazard Map for 10 year return period
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1.10.3.8  LIMITATIONS OF STORMS HAZARD MAPPING

The main limitation of this Storms’ analysis was data availability. Although Global weather datasets provide full time 
series meteorological data, data is mainly simulated. The existing weather stations in the city lacked consistent time 
series meteorological data.

Another limitation was the inadequate catalogue of lightning events that could have been helpful in Lightening 
hazard prediction

1.10.3.9  RECOMMENDATIONS FROM STORMS HAZARD MAPPING

Daily monitoring of wind and humidity information is highly recommended. In addition, there is a need of a 
networking system of storms monitoring and observation, which includes the greater Kampala Metropolitan area 
extending to Wakiso and Mukono districts.  

Storms hazard assessment should also be carried out at the local scale in the locations where strong winds and 
lightening are most likely to take place. This can result in a more detailed hazard mapping of storms’ prone areas 
that can address some of the gaps identified in this report. The storms hazard maps must be updated after at 
least three years when the data of different meteorological stations will be available. It will allow mapping of the 
hazard with more accuracy. But to facilitate this task, an organized data collection and treatment system must be 
established preferably for the city.

1.11 ECOLOGICAL AND BIOLOGICAL HAZARDS 

These include;

1.11.1 PLANT PESTS AND DISEASES’ HAZARD ASSESSMENT AND MAPPING

Plant pests and diseases affect food crops, causing significant losses to farmers and threatening food security. 
Globally, the spread of plant pests and diseases has increased dramatically in recent years. Globalization, trade and 
climate change, as well as reduced resilience in production systems due to decades of agricultural intensification, 
have all played a part. Outbreaks and upsurges can cause huge losses to crops and pastures, threatening the 
livelihoods of vulnerable farmers and the food and nutrition security of millions at a time. Fruit flies, banana diseases, 
cassava diseases and wheat rusts are among the most destructive plant pests and diseases. Plant pests and 
diseases spread in three principal ways: trade or other human-migrated movement; environmental forces – weather 
and windborne as well as insect or other vector-borne – pathogens.

1.11.1.1   METHODOLOGY FOR PLANT PESTS AND DISEASES ASSESSMENT AND 
MAPPING

Plant pests and diseases hazards’ mapping employed a combination of participatory mapping and spatial analysis 
in a GIS environment. Participatory mapping involved stakeholder engagements carried out in close collaboration 
with OPM’s DRM team and the city disaster management focal persons with the aim of identifying plant pests and 
diseases’ prone areas based on historical records and testimonies from participants and indigenous knowledge. 
Focus Group Discussions (FGDs) and key informant interviews guided by checklist tools were conducted involving 
KCCA Risk Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city level and 
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Town Clerks, Division Risk Champions, Road officers, Ward Administrators, production officers, Health Inspector, 
Physical Planner and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala city i.e. 
Central, Nakawa, Makindye, Lubaga and Kawempe Divisions. 

DELIMITING SURVEYS AND GEO-REFERENCING SELECTED PLANT PESTS AND 
DISEASES’ PRONE AREAS 

Delimiting Surveys were carried out to enhance identification and mapping of locations where incidences like plant 
pests and diseases have been recorded. Delimiting Surveys are a type of survey (IPPC 1997) used to establish 
the boundaries of an area considered to be infested by or free from a pest or a disease. Delimiting Surveys are 
conducted to determine the extent and distribution of a pest or a disease incursion, and to determine whether the 
pest or disease is eradicable (Gottwald et al. 2007). 

Geo-referencing of the identified plant pests and diseases’ prone areas was carried out using a handheld Spectra 
precision Global Positioning System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities 
captured included: hazard location, (Division and Ward), extent of the hazard, height above sea level, topography, 
neighboring land use, information on the period of occurrence, and evaluate different characteristics that favor plant 
pests and diseases’ infestation. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Land use and land cover and vegetation health data was generated from high-resolution satellite imagery 
classification in Erdas Imagine v2014. Location characteristics from delimiting Surveys were characterized for 
different plant pests and diseases susceptibility classes accordingly using ArcGIS 10.2. Table 3.5 below gives more 
details of the various land uses and land cover types and corresponding plant pests and diseases susceptibility 
classes. 

Table 3-5: Land use and Land cover characteristics and Plant Pests and Diseases Susceptibility

LAND USE AND LAND COVER PLANT AND DISEASES SUSCEPTIBILITY
Agricultural area High
Bush Moderate
Commercial Very low
Cultural site Very low
Degraded wetland Low
Extractive - quarry/mining area Not reported
Industrial area Very low
Informal settlement - slums Very low
Institutional Very low
Mixed Use Very low
Open Water Not reported
Planted forest Very low
Public Bus/Taxi Park Very low
Recreational green gardens Very low
Residential Very low
Transportation Not reported
Wetland Very low
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Plant pests and diseases prone areas were geo-statistically interpolated in a GIS environment to determine the plant 
pests and disease extents. The interpolation technique ordinary kriging was used to predict plant pests and diseases 
incidence in the study area. Ordinary kriging looks at the incidence of surrounding points and weighs these according 
to their spatial correlation, assuming a non-stationary surface (Brus and Heuvelink, 2007). The interpolated map was 
then overlaid with the plant pests and diseases susceptibility classes map generated as described above to obtain 
the plant pests and diseases’ hazard zonation map.

1.11.1.2  PLANT PESTS AND DISEASES HAZARD ZONATION MAP

Plant pests and diseases’ hazard mapping revealed that there are a number of plant pests and diseases in the city 
(Table 3.6). Both participatory mapping and spatial analysis indicated that Kampala city experiences plant pests 
and diseases in the strewn urban agriculture areas of Komamboga, Kawempe II and Kikaya in Kawempe Division. In 
Makindye Division areas of Ggaba, Buziga and Lukuli are most affected by plant pests and diseases while in Lubaga 
Division areas of Lubya, Mutundwe, Lubaga and Lungujja are most affected. In Nakawa Division, areas of Kyanja 
especially at the KCCA farm, Upper Estate are most affected.  In Central Division where farming is mostly done in 
back yards on food towers, sack gardens and containers, areas of Mengo, Kamwokya I, II, Old Kampala, Bukesa, 
Kololo II are most affected by plant pests and diseases. Figure 3.14 presents Plant pests and diseases’ hazard 
zonation map. 

Table 3-6: Common Plant Pests and Diseases 

CROP PESTS DISEASES

Banana Banana weevils and Nematodes Fusarium wilt and Banana Bacterial Wilt

Coffee Coffee twig borer, mealy bugs, caterpillars Coffee wilt, Coffee berry disease

Maize Maize stalk borer, Weevils Maize streak virus, Maize smuts

Beans Maruca caterpillars, Weevils, aphids Bean root rot, Anthracnose

Vegetables Cut worms, Boll borers, Aphids, thrips, fruit fly, 
caterpillars, leaf miner Blights, wilts and leaf spots

G. nuts Aphids Rosette disease

Cassava White fly, Mites Cassava mosaic, Cassava Brown Streak 
Disease 

Sweet 
potatoes Weevils and caterpillars Sweet potato Virus disease(SPVD)

Mangoes Fruit flies,  caterpillars Anthracnose, powdery mildews
*Source: Agriculture Production Office KCCA (2015)
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Figure 3-14: Plant Pests and Diseases’ Hazard Zonation Map
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1.11.1.3 LIMITATIONS OF HAZARD MAPPING OF PLANT PESTS AND DISEASES

The main limitation of this Plant pests and diseases’ hazard analysis was data availability for historical events. This 
includes historical catalogue of the and losses. 

The model used in this Plant pests and diseases’ hazard analysis did not include weather conditions, which also 
facilitate pests and diseases’ prevalence. 

1.11.1.4 RECOMMENDATIONS FROM HAZARD MAPPING OF PLANT PESTS AND DISEASES
Monthly monitoring of Plant pests and diseases’ outbreaks to document both location of event and loss attribute 
information is highly recommended. This could be done at Ward level and catalogue of events compiled to Division 
level and then to the City as a whole. 

Plant pests and diseases’ hazard assessment should also be carried out at the local scale in the locations where 
plant pests and diseases’ are most likely to take place. The Plant pests and diseases’ hazard maps must be updated 
at least quarterly since Plant pests and diseases’ outbreaks are affected by seasonal variations.  

1.11.2 LIVESTOCK PARASITES, VECTORS AND DISEASES’ HAZARD ASSESSMENT AND 
MAPPING

Endo- and ecto-parasites are of major economic importance to the livestock industries in the tropics. Heavy 
infestations can cause loss of blood, reduce live-weight gain rates and lower milk yield and may cause dire direct 
damage. Ecto-parasites are also recognized worldwide as major vectors of a number of diseases of man, domestic 
and game animals - ranging from arboviruses, rickettsiae and spirochaetes to parasitic protozoa. Parasites therefore 
impact both directly, by virtue of heavy infestations, and indirectly, through the transmission of diseases. 

Tick-borne diseases such as babesiosis, bovine anaplasmosis, East Coast fever and heartwater are commonest 
livestock diseases in Uganda causing severe economic damage to livestock production. The control of tick-borne 
diseases requires immunization, treatment and tick control and should be based on scientifically sound data 
collected during preliminary epizootiological and entomological surveys3.

1.11.2.1 METHODOLOGY FOR LIVESTOCK PARASITES, VECTORS AND DISEASES’ ASSESSMENT 
AND MAPPING

Livestock Parasites, Vectors and diseases hazards’ mapping employed a combination of participatory mapping 
and spatial analysis in a GIS environment. Participatory mapping involved stakeholder engagements carried out 
in close collaboration with OPM’s DRM team and the city disaster management focal persons with the aim of 
identifying Livestock Parasites, Vectors and diseases’ prone areas based on historical records and testimonies from 
participants and indigenous knowledge. Focus Group Discussions (FGDs) and key informant interviews guided by 
checklist tools were conducted involving KCCA Risk Manager, Production Officer, Health Inspector, Physical Planner, 
Engineer, GIS officer at city level and Town Clerks, Division Risk Champions, Road officers, Ward Administrators, 
production officers, Health Inspector, Physical Planner and Engineers at Division level. FGDs were carried out in the 
five Divisions of Kampala city i.e. Central, Nakawa, Makindye, Lubaga and Kawempe Divisions. 

FIELD SURVEYS FOR SELECTED LIVESTOCK PARASITES, VECTORS AND DISEASES’ PRONE 
AREAS 

Field Surveys were carried out for selected Livestock Parasites, Vectors and diseases’ prone areas to enhance 
identification and mapping of locations. Geo-referencing of the identified Livestock Parasites, Vectors and diseases’ 
prone areas was carried out using a handheld Spectra precision Global Positioning System (GPS) unit, model: Mobile 
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Mapper 20 set in WGS 1984 Datum. The entities captured included: hazard location, (Division and Ward), extent of 
the hazard, height above sea level, topography, neighboring land use, information on the period of occurrence, and 
to evaluate different characteristics that favor Livestock Parasites, Vectors and diseases’ infestation. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Land use and land cover was generated from high resolution satellite imagery classification in Erdas Imagine 
v2014. Location characteristics from Field Surveys were characterized for different Livestock Parasites, Vectors and 
diseases’ susceptibility classes accordingly using ArcGIS 10.2. Table 3.7 below gives more details of the various land 
uses and land cover types and corresponding Livestock Parasites, Vectors and diseases’ susceptibility classes. 

Table 3-7: Land use and Land cover types and Livestock Parasites, Vectors and Diseases Susceptibility

LAND USE AND LAND COVER LIVESTOCK PARASITES, VECTORS AND DIS-
EASES SUSCEPTIBILITY

Agricultural area High

Bush Moderate

Commercial Very low

Cultural site Very low

Degraded wetland Low

Extractive - quarry/mining area Not reported

Industrial area Very low

Informal settlement - slums Very low

Institutional Very low

Mixed Use Very low

Open Water Not reported

Planted forest Very low

Public Bus/Taxi Park Very low

Recreational green gardens Very low

Residential Very low

Transportation Not reported

Wetland Very low

Livestock Parasites, Vectors and diseases’ prone areas location points were geo-statistically interpolated in a GIS 
environment to determine the Livestock Parasites, Vectors and diseases’ extents. The interpolation technique 
ordinary kriging was used to predict Livestock Parasites, Vectors and diseases’ incidence in the City. Ordinary kriging 
looks at the incidence of surrounding points and weighs these according to their spatial correlation, assuming a non-
stationary surface (Brus and Heuvelink, 2007). The interpolated map was then overlaid with the Livestock Parasites, 
Vectors and diseases’ susceptibility classes map generated as described above to obtain the Livestock Parasites, 
Vectors and diseases’ hazard zonation map.
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1.11.2.2  LIVESTOCK PARASITES, VECTORS AND DISEASES’ HAZARD ZONATION MAP

Livestock Parasites, Vectors and diseases’ hazard mapping revealed that there are a number of Livestock Parasites, 
Vectors and diseases in the city (Table 3.8). Analysis indicated most affected areas as: Komamboga, Kawempe II, 
Kikaya, Mulago III in Kawempe Division,  Ggaba, Buziga and Lukuli in Makindye Division, Lubya, Mutundwe, Lubaga 
and Lungujja in Lubaga Division and areas of Kyanja especially at the KCCA farm, Upper Estate, Industrial Area in 
Nakawa Division.  In Central division livestock farmers are mainly engaged in poultry farming and poultry diseases 
such as Newcastle, gumboro, foul typhoid are prevalent (Table 3.8)  Others are cattle, pigs, goats on small scale. 
Abattoirs in  Industrial area is a source of many infectious diseases for livestock. Figure 3.15 presents livestock 
parasites, vectors and diseases’ hazard zonation map.

Table 3-8: Common Livestock Diseases and Pests

LIVESTOCK DISEASE PARASITES, 
VECTORS LOCATION

CATTLE, 
GOATS, 
SHEEP, PIGS

Foot and mouth disease, 
Lumpy skin disease, 
African swine fever, 
Anthrax, Trypanosomiasis

Ticks, intestinal worms 
and flukes

Kyanja - KCCA farm, Upper Estate, 
Industrial Area, Komamboga, 
Kawempe II, Kikaya, Mulago III, 
Ggaba, Buziga, Lukuli, Lubya, 
Mutundwe, LLubaga and Lungujja

POULTRY Newcastle Mites

Kyanja - KCCA farm, Upper Estate, 
Industrial Area, Komamboga, 
Kawempe II, Kikaya, Mulago III, 
Ggaba, Buziga, Lukuli, Lubya, 
Mutundwe, LLubaga and Lungujja

*Source: Agriculture Production Office KCCA (2015)

Plate 3-5: Ticks observed on a cow in 
Kyanja, Nakawa Division
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Figure 3-15: Livestock Parasites and Diseases’ Hazard Zonation Map 
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1.11.2.3 LIMITATIONS OF LIVESTOCK PARASITES, VECTORS AND DISEASES’ HAZARD MAPPING

The main limitation of this Livestock Parasites, Vectors and diseases’ hazard analysis was data availability for 
historical events. This includes historical catalogue of the and losses. 

The model used in this Livestock Parasites, Vectors and diseases’ hazard analysis did not include weather conditions 
which also facilitate Parasites, Vectors and diseases’ prevalence. 

1.11.2.4 RECOMMENDATIONS FROM LIVESTOCK PARASITES, VECTORS AND DISEASES’ 
HAZARD MAPPING

Monthly monitoring of Livestock Parasites, Vectors and diseases’ outbreaks to document both location of event 
and loss attribute information is highly recommended. This could be done at Ward level and catalogue of events 
compiled to Division level and then to the City as a whole. 

Livestock Parasites, Vectors and diseases’ hazard assessment should also be carried out at the local scale in the 
locations where Livestock Parasites, Vectors and diseases’ are most likely to take place. The Livestock Parasites, 
Vectors and diseases’ hazard maps must be updated at least quarterly since  Livestock Parasites, Vectors and 
diseases’ outbreaks are affected by seasonal variations.  

1.11.3 HUMAN EPIDEMIC DISEASES’ HAZARD ASSESSMENT AND MAPPING

A disease is a particular abnormal condition, a disorder of a structure or function that affects part or all of an 
organism. The study of disease is called pathology which includes the causal study of etiology. Disease is often 
construed as a medical condition associated with specific symptoms and signs. It may be caused by external factors 
such as pathogens, or it may be caused by internal dysfunctions particularly of the immune system such as an 
immunodeficiency, or a hypersensitivity including allergies and autoimmunity.
In humans, disease is often used more broadly to refer to any condition that causes pain, dysfunction, distress, 
social problems, or death to the person afflicted, or similar problems for those in contact with the person. In this 
broader sense, it sometimes includes injuries, disabilities, disorders, syndromes, infections, isolated symptoms, 
deviant behaviors, and atypical variations of structure and function, while in other contexts and for other purposes 
these may be considered distinguishable categories. Diseases can affect people not only physically, but also 
emotionally, as contracting and living with a disease can alter the affected person’s perspective on life. Death due 
to disease is called death by natural causes. There are four main types of disease: infectious diseases, deficiency 
diseases, genetic diseases both (hereditary and non-hereditary), and physiological diseases. Diseases can also be 
classified as communicable and non-communicable. 

TYPES OF CAUSES

Airborne: Any disease that is caused by pathogens and transmitted through the air.

Infectious: also known as transmissible diseases or communicable diseases, comprise clinically evident illness 
(i.e., characteristic medical signs and/or symptoms of disease) resulting from the infection, presence and growth 
of pathogenic biological agents in an individual host organism. Included in this category are contagious diseases 
– an infection, such as influenza or the common cold, that commonly spreads from one person to another – and 
communicable diseases – an disease that can spread from one person to another, but does not necessarily spread 
through everyday contact.

Non-communicable: a medical condition or disease that is non-transmissible. Non-communicable diseases cannot 
be spread directly from one person to another. Heart disease and cancer are examples of non-communicable 
diseases in humans.

Foodborne: Foodborne illness or food poisoning is any illness resulting from the consumption of food contaminated 
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with pathogenic bacteria, toxins, viruses, prions or parasites.

Lifestyle: any disease that appears to increase in frequency as countries become more industrialized and people live 
longer, especially if the risk factors include behavioral choices like a sedentary lifestyle or a diet high in unhealthful 
foods such as refined carbohydrates, trans fats, or alcoholic beverages.

1.11.3.1 METHODOLOGY FOR HUMAN EPIDEMICS’ ASSESSMENT AND MAPPING
Human epidemics’ hazard mapping employed a combination of participatory mapping and spatial analysis in a GIS 
environment. Participatory mapping involved stakeholder engagements carried out in close collaboration with OPM’s 
DRM team and the city disaster management focal persons with the aim of identifying Human epidemics’ hazard 
hotspots based on historical records and testimonies from participants and indigenous knowledge. Focus Group 
Discussions (FGDs) and key informant interviews guided by checklist tools were conducted involving KCCA Risk 
Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city level and Town Clerks, 
Division Risk Champions, Road officers, Ward Administrators, production officers, Health Inspector, Physical Planner 
and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala city i.e. Central, Nakawa, 
Makindye, Lubaga and Kawempe Divisions. 

GEO-REFERENCING HUMAN EPIDEMICS’ HAZARD HOTSPOTS 

Field visits were carried out to enhance identification and mapping of Human epidemics’ hazard hotspots. Geo-
referencing of the identified Human epidemics’ hazard hotspots was carried out using a handheld Spectra precision 
Global Positioning System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities captured 
included: hazard location, (Division and Ward), extent of the hazard, height above sea level, topography, neighboring 
land use, information on the period of occurrence. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Human epidemic diseases’ hazard hotspots were geo-statistically interpolated in a GIS environment considering 
extent of the hazard for each of the Human epidemics’ hazard hotspot.  The interpolation method used was the 
Inverse Distance Weighting (IDW). This model combines the idea of proximity espoused by Thiessen polygons with 
the gradual change of a trend surface (Thiessen, 1911). Measured values closest to the predicted location have more 
influence on the predicted value than those farther away. This distance-decay approach has been applied widely 
to understand spread of diseases in the history of spatial analysis (John Snow,1813 –1858). The interpolated map 
was then classified into four classes ranging from Very low, Low, Moderate and High depending on the extent of the 
hazard characterized for each of the Human epidemics’ hazard hotspots during the field survey. 

1.11.3.2  HUMAN EPIDEMIC DISEASES’ HAZARD ZONATION MAP

Key findings of this study indicated that Kampala city experiences acute respiratory infections, typhoid, cholera, 
HIV/AIDS, pneumonia and malaria as the most common human diseases. Cholera and dysentery incidences were 
reported in Makerere III, Katanga (Wandegeya), Bwaise I, Bwaise II, Bwaise III, in March 2016, where the index 
case was reported in Makerere III (Kalerwe).  Areas prone to sanitation related diseases include Kisenyi I,II,III, 
Kagugube,Kamwokya II, Mengo, markets, parks in Central Division. In fact, cases of typhoid were reported to 
originate from Central Division. HIV/AIDS prevalence rates were reported to be at higher than the 7.2% National 
prevalence. Kawempe Division was reported to be with the highest HIV/AIDS prevalence rates in the entire city 
with hotspots being informal settlements of Bwaise, Makerere III and Wandegeya due to commercial sex workers 
as target population. Participatory mapping also indicated an increase in the spread rabies disease as a result of 
increasing stray dogs and wild cats population in the city. Stray dogs and cats are very common in most formal 
settlements say Kisenyi, Kagugube, Kamwokya. 
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Figure 3.16 presents the Human epidemics’ hazard zonation map for Kampala city also indicating the existing health 
facilities in the city. Details of the existing health facilities in the city are presented in Tables 3.9 and 3.10 below:

Table 3-9: Health Facilities in Kampala City, 2011  

HEALTH FACILI-
TY TYPE

CENTRAL 
DIVISION

KAWEMPE 
DIVISION

MAKINDYE 
DIVISION

NAKAWA 
DIVISION

LUBAGA 
DIVISION TOTAL

HC II 165 350 240 309 224 1288

HCIII 19 4 25 3 10 61

HCIV 6 3 1 3 1 14

Hospital 9 1 4 8 3 25

Total 199 358 270 323 238 1388
Source: Kawempe Division 5-Year Strategic Plan 2014/15-2018/19

Table 3-10: Ownership of  Health Facilities by Category, 2011

Source: Analysis of  KCCA survey data, 2011
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Figure 3-16: Human Epidemic Diseases’ Hazard Zonation Map 
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1.11.3.3 LIMITATIONS OF HUMAN EPIDEMIC DISEASES’ HAZARD MAPPING

This Human epidemic diseases’ hazard analysis was based on the hotspot mapping without considering economic 
losses originating from disease outbreaks. This analysis also did not consider other factors such as population 
increase pressure,  seasonal variations and general bio-physical conditions that affect Human epidemic diseases’ 
prevalence. 

1.11.3.4 RECOMMENDATIONS FROM HUMAN EPIDEMIC DISEASES’ HAZARD MAPPING

It is highly recommended that Human epidemic diseases’ hazard analysis could be extended to consider all bio-
physical conditions that that affect Human epidemic diseases’ prevalence. Detailed Human epidemic diseases’ 
assessment should be carried out at the local scale for areas prone to sanitation related diseases. The Human 
epidemic diseases’ hazard maps must be updated at least quarterly since  Human epidemic diseases’ outbreaks are 
affected by seasonal variations.  

1.11.4 VERMIN HAZARD ASSESSMENT AND MAPPING

Vermin are pests or nuisance animals that spread diseases or destroy crops or livestock. Use of the term implies 
the need for extermination programs. Since the term is defined in relation to human activities, which species are 
included vary from area to area and person to person. Wildlife animal conflict is a matter of social, economic and 
ecological concern throughout the world. With increasing demographic pressures, limited land availability, rapid 
urbanization and excessive deforestation, humans and animals have been encroaching and entering each others 
geographical domains. This is disruptive of ecological balance and increases the incidents of counter-conflict.

1.11.4.1 METHODOLOGY FOR VERMIN HAZARD ASSESSMENT AND MAPPING

Vermin hazard mapping employed a combination of participatory mapping and spatial analysis in a GIS environment. 
Participatory mapping involved key informant interviews guided by checklist tools Production Officers for the five 
Divisions of Kampala city i.e. Central, Nakawa, Makindye, Lubaga and Kawempe Divisions with the aim of identifying 
vermin hotspots based on historical records and testimonies from participants and indigenous knowledge.  

FIELD SURVEYS AND GEO-REFERENCING VERMIN HOTSPOTS 

Field surveys were carried out to enhance identification and mapping of vermin hotspots. Geo-referencing of the 
identified vermin hotspots was carried out using a handheld Spectra precision Global Positioning System (GPS) unit, 
model: Mobile Mapper 20 set in WGS 1984 Datum. The entities captured included: hazard location, (Division and 
Ward), extent of the hazard, height above sea level, topography, neighboring land use, information on the period of 
occurrence, and to evaluate different characteristics that favor vermin infestation. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Land use and land cover was generated from high resolution satellite imagery classification in Erdas Imagine v2014. 
Location characteristics from Field Surveys were characterized for different vermin susceptibility classes accordingly 
using ArcGIS 10.2 on the assumption that vermin impact is strongly related to the land use and land cover. Areas 
with agricultural land use were considered as most prone to vermin compared to transportation areas. The vermin 
hazard zonation map was then classified into four classes ranging from Not reported, Low, Moderate and High 
depending on the extent of vermin  hazard characterized for each of the vermin hotspots during the field survey. 
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1.11.4.2  VERMIN HAZARD ZONATION MAP

Although participatory mapping indicated vermin as not a serious problem in the Kampala city, incidences of vermin 
attack on crop gardens in areas adjacent to wetlands have been recorded with vermin such as squirrels, birds, mole 
rats, stray dogs and wild cats implicated as a nuisance in almost all the Divisions of the City. However, areas of 
Kyanja especially at the KCCA farm, Upper Estate, Luzira in Nakawa Division, areas of Mpererwe and Komamboga 
in Kawempe Division, areas of Ggaba, Bukasa and Salama in Makindye Division are most affected by vermin attacks 
while in Lubaga Division areas of Lubya and Mutundwe are most affected. Stray dogs and wild cats were recorded as 
most common wild-life animal attacks in the City. Figure 3.17 presents Vermin hazard zonation map. 
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Figure 3-17: Vermin Hazard zonation map 
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1.11.5 INVASIVE SPECIES HAZARD ASSESSMENT AND MAPPING

An invasive species is a plant, fungus, or animal species that is not native to a specific location (an introduced 
species), and which has a tendency to spread to a degree believed to cause damage to the environment, human 
economy or human health. The term as most often used applies to introduced species (also called “non-indigenous” 
or “non-native”) that adversely affect the habitats and bioregions they invade economically, environmentally, or 
ecologically. Such invasive species may be either plants or animals and may disrupt by dominating a region, 
wilderness areas, particular habitats, or wildland–urban interface land from loss of natural controls (such as predators 
or herbivores). This includes non-native invasive plant species labeled as exotic pest plants and invasive exotics 
growing in native plant communities. 

An alternate usage broadens the term to include indigenous or “native” species along with non-native species that 
have colonized natural areas. Sometimes the term is used to describe a non-native or introduced species that has 
become widespread. However, not every introduced species has adverse effects on the environment. 

While all species compete to survive, invasive species appear to have specific traits or specific combinations of 
traits that allow them to out-compete native species. In some cases, the competition is about rates of growth and 
reproduction. In other cases, species interact with each other more directly. Common invasive species traits include 
the following: Fast growth, Rapid reproduction, High dispersal ability, Phenotypic plasticity (the ability to alter growth 
form to suit current conditions), Tolerance of a wide range of environmental conditions (Ecological competence), 
Ability to live off of a wide range of food types (generalist), Association with humans and Prior successful invasions4.

1.11.5.1 METHODOLOGY FOR INVASIVE SPECIES’ HAZARD ASSESSMENT AND MAPPING

Hazard mapping for invasive species involved remote sensing and GIS technologies with the aid of ground-truthing 
to enhance the assessment. This was done using the following procedures:

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

High resolution satellite imagery (World view dated 2014) covering the entire city was acquired from KCCA GIS 
Archives. This image was orthorectified and then classified for Land use and land cover using Erdas Imagine v2014. 
Supervised classification enhanced by ground-truthing surveys was done sing Maximum likelihood method. Hotspot 
mapping for invasive species was then done making use of the  by ground-truthed invasive species hotspots and 
characterization based on the respective neighboring land use and land cover of the hotpot areas. Hotspot mapping 
and characterisation into three classes ranging from very low, low and Moderate was done in ArcGIS 10.2.  

1.11.5.2  INVASIVE SPECIES’ HAZARD ZONATION MAP

Although participatory mapping indicated vermin as not a serious problem in the Kampala city, incidences of 
water hyacinth, Lantana camara and oxalis latifolia  were observed as most common invasive species in Kampala 
city. Water hyacinth is most notorious on the waters of Murchison Bay on Lake Victoria in Ggaba, Salama and 
Buziga areas in Makindye Disvison and areas of Luzira in Nakawa Division.  Water hyacinth has almost all invasive 
species traits including: Fast growth, Rapid reproduction, High dispersal ability, phenotypic plasticity (the ability 
to alter growth form to suit current conditions), Tolerance of a wide range of environmental conditions (Ecological 
competence) and Prior successful invasions. Figure 3.18 presents Vermin hazard zonation map.
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Figure 3-18: Invasive Species’ Hazard zonation map 
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1.12 HUMAN INDUCED AND TECHNOLOGICAL HAZARDS

Technological Hazards: These are hazards originating from technological or industrial accidents, dangerous 
procedures, infrastructure failures or specific human activities that may cause the loss of life or injury, property 
damage, social and economic disruption or environmental degradation5. Examples of technological hazards include: 

• Pollution events: Concentration of polluting substances in the air, water or soils, at levels harmful to human health, 
crops or animal species, including industrial pollution, leaks of harmful liquid, solid or gas substances, use of 
such substances as radioactive materials, chemicals, explosives, factory explosions, flammables, agricultural 
pesticides, herbicides and disease agents; oil spills on land, coastal waters or inland water systems; and debris 
from space.

• Damages or collapse of any type of structure for reasons such as excess weight in public places, bridges, dam 
failures etc.  Note that damages in structures caused by natural phenomena should be reported as an effect of 
these phenomena.  

• Automobile, rail, aircraft or navigation accidents, including transportation accidents.

• Urban fires caused by technological failures and explosions of any type, but limited to those induced or highly 
connected to non-natural phenomena different that Complex Emergency (social conflict, i.e. terrorist attacks, 
etc.).

1.12.1 FIRES HAZARD ASSESSMENT AND MAPPING

Fire is the rapid oxidation of a material in the exothermic chemical process of combustion, releasing heat, light, and 
various reaction products. Fire is hot because conversion of the weak double bond in molecular oxygen, O2, to the 
stronger bonds in the combustion products carbon dioxide and water releases energy (418 kJ per 32 g of O2); the 
bond energies of the fuel play only a minor role here. At a certain point in the combustion reaction, called the ignition 
point, flames are produced. The flame is the visible portion of the fire. Flames consist primarily of carbon dioxide, 
water vapor, oxygen and nitrogen. If hot enough, the gases may become ionized to produce plasma. Depending on 
the substances alight, and any impurities outside, the color of the flame and the fire’s intensity will be different.

Fire in its most common form can result in conflagration, which has the potential to cause physical damage through 
burning. Fire is an important process that affects ecological systems around the globe. The positive effects of fire 
include stimulating growth and maintaining various ecological systems. The negative effects of fire include hazard to 
life and property (e.g. forest fires, house fires, market fires, school fires, bush fires etc.), atmospheric pollution, and 
water contamination. If fire removes protective vegetation, heavy rainfall may lead to an increase in soil erosion by 
water. Also, when vegetation is burned, the nitrogen it contains is released into the atmosphere, unlike elements such 
as potassium and phosphorus which remain in the ash and are quickly recycled into the soil. This loss of nitrogen 
caused by a fire produces a long-term reduction in the fertility of the soil, which only slowly recovers as nitrogen is 
“fixed” from the atmosphere by lightning and by leguminous plants such as clover6.

1.12.1.1 METHODOLOGY FOR FIRES HAZARD ASSESSMENT AND MAPPING

Thematic data needed for generation of fire potential map were collected from different sources:

• Digital administrative map and land cover map of Kampala city

• Population data of the each ward of Kampala city 

� Location of fuel stations. These data were used to generate thematic digital maps using GIS software. All 
maps were raster based with a cell size of 10×10 m2

The preparation procedures for each data layer are summarized below:
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DISTANCE FROM FUEL STATIONS 

Although safety norms in fuel pumps to reduce the risks associated with the damage of life and property of the 
people due to fire include: at least two fire extinguishers, four dry sand filled buckets, water storage tanks, a spade, 
a fire-axe and safety gear, like fire proof clothing and masks (Sunwar, D.K. 2009), however a large number of fuel 
stations were not found to adhere to these conditions. Most of the fuel stations have been established without 
enough safety measures and are located so near that if the fire catches one fuel station it can spread to the nearest 
other fuel station resulting in huge damages. The location and number of the fuel stations are very significant for the 
area intended to protect from fire (Sachin. K. C & Prabin K., 2015). 

The location of such fuel stations is collected by using Geographical Position System (GPS) instrument in the field. A 
thematic map of a potential fire disaster prone area was derived by classifying the city into zones (Figure 3), i.e., (i) < 
50 m; (ii) 50–100 m; (iii) 100–200 m; (iv) 200–500 m and (v) > 500 m from the fuel station.

Application of AHP in Fire Potential Mapping 

AHP has been applied in many and diverse areas of decision-support in environmental management such as wildfire 
risk map (Mahdavi, A. et al 2012), forest fire risk map [Chavan, M.E.et al 2012, Kanga, S.; et al 2013), urban fire risk 
map (Srivanit, M. 2011), landslide susceptibility mapping [Long, N.T.; et al 2012, Kayastha, P. et al 2013), landfill site 
selection (El Baba, M., 2014). Saaty (1980, 1990) developed the following steps for applying the AHP:

1. Define the problem and determine its objective. 
2. Structure the hierarchy from the top (the objectives from a decision maker’s viewpoint) through the 

intermediate levels (criteria on which sub-sequent levels depend) to the lowest level which usually contains 
the list of alternatives. 

3. Construct a set of pair-wise comparison matrices (size n × n) for each of the lower levels with  one matrix for 
each element in the level immediately above by using the relative scale  measurement shown in Table 1. The 
pair-wise comparisons are done in terms of which element dominates the other. 

4. There are n(n - 1)= judgments required to develop the set of matrices in step 3. Reciprocals are automatically 
assigned in each pair-wise comparison. 

5. Calculate the normalized principal eigen vectors, maximum eigen value, consistency index and consistency 
ratio for each criteria.

This study applied Analytic Hierarchy Process (AHP) method for generation of fire potential zonation map. The fire 
potential zonation map was prepared on the basis of available data of land use, fuel stations, and population density. 
The fire potential zonation map then validated through major past fire incidents. The results indicated that the 
predicted fire potential zones are found to be in good agreement with past fire incidents, and, hence, the map can 
be used for future land-use planning. In this study, comparison of criteria was made using a scale from 1 to 9 of the 
factors having a direct relationship and a scale from 1/2 to 1/9 of the factors having an inverse relationship as shown 
in Table 1.

Table 3-11: Pair-wise comparison matrix and normalized principal eigenvector for the classes within each causative factor of  fire 
potential for AHP method
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*Source: Sachin. K. C & Prabin K., 2015
In order to generate fire potential index map, the linear weighted combination is used for different causative factor 
maps as given in Equation (3).

FPI = Weight map of (fuel stations distance + land use + population density)     EQUATION4

1.12.1.2 FIRES HAZARD ZONATION MAP

Key findings of this study indicated that fires are the most critical issue in Kampala city. Participants reported 
incidences of mysterious and accidental fires in the City resulting in loss of life and property, atmospheric pollution 
and water contamination. In Nakawa Division, Crest Foam Factory fires of 2015 killed about 7 people in Kyambogo, 
BAT residues burnt along the Jinja road also caused property loss towards the end of year 2015. It should be noted 
with concern that areas around Banda are potential fire areas due to the location of Banda Mogas Depot, in case of 
leakage; it would be source of hazardous fires. 

In Makindye Division, incidences of fires reported in Kikubamutwe – Kabalagala, Salama, Ggaba market and 
Nakivubo markets have had several incidences of market fires since 2014 causing serious loss of merchandise, 
injuries to inhabitants, loss of lives and property. In Kawempe Division, incidences of market fires reported in 
Kawempe I in 2014, furniture fires reported in 2013 in Bwaise I industrial area. Incidences of furniture fires were 
also reported in 2014 in Makerere I and Makerere III, areas around Kubiri causing loss of furniture and injuries to 
inhabitants. It was indicated that incidences of market fires are commonest in the City, and are a result of use of 
charcoal cooking stoves by the numerous restaurants in the markets. In central Division, market fires – Owino 
Market, Former pack yard market, tall buildings, MoH headquarters, congested places etc). Some of the causes 
include : Illegal Electricity connections, poor space use, poor location of sources of fuel, bad will from people (arson), 
congested environment. Figure 3.19 presents the Fire Potential Zonation map for Kampala city.
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Figure 3-19: Fire potential zonation map 
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Some of the KCCA interventions on fires include: sensitization and awareness on dangers of fires, purchase of fire 
extinguishers for public institutions especially health centres and fire bye-laws enforcement through Firefighting 
Police., compensations and relief funds to assist affected persons to bounce back better by Government, 
reconstruction of markets

Plate 3-7: Firefighting vehicles for KCCA

1.12.2 LAND CONFLICTS’ HAZARD ASSESSMENT AND MAPPING

Land is an area of ground, especially one that is used for a particular purpose such as farming or building. Kampala 
has seen ongoing rapid growth of 4.5% to 5.0% per annum over the past generation. Such a rapid rate, over such 
a long period, has overwhelmed the City (KPDP 2012). It simply could not and cannot keep pace with ever growing 
demand for housing, employment, services and utilities. This has been the cause of the land conflicts in the city.

1.12.2.1 METHODOLOGY FOR LAND CONFLICTS’ HAZARD ASSESSMENT AND MAPPING

Land conflicts’ hazard mapping employed a combination of participatory mapping and spatial analysis in a GIS 
environment. Participatory mapping involved stakeholder engagements carried out in close collaboration with 
OPM’s DRM team and the city disaster management focal persons with the aim of identifying Land conflicts’ 
hotspots based on historical records and testimonies from participants and indigenous knowledge. Focus Group 
Discussions (FGDs) and key informant interviews guided by checklist tools were conducted involving KCCA Risk 
Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city level and Town Clerks, 
Division Risk Champions, Road officers, Ward Administrators, production officers, Health Inspector, Physical Planner 
and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala city i.e. Central, Nakawa, 
Makindye, Lubaga and Kawempe Divisions.
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FIELD SURVEYS AND GEO-REFERENCING VERMIN HOTSPOTS 

Field surveys were carried out to enhance identification and mapping of Land conflicts’ hotspots. Geo-referencing of 
the identified Land conflicts’ hotspots was carried out using a handheld Spectra precision Global Positioning System 
(GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities captured included: hazard location, 
(Division and Ward), extent of the hazard, neighboring land use and population. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Thematic data needed for generation of land conflict potential map were collected from different sources:

• Digital administrative map of Kampala city

• Population data of the each ward of Kampala city 

• Location of Land conflicts’ hotspots. 

Land conflicts’ hotspots characteristics were used to classify population densities and population distribution for 
Kampala city to derive land conflicts’ potential map using ArcGIS 10.2. 

1.12.2.2  LAND CONFLICTS’ HAZARD ZONATION MAP

Incidences of land conflicts were recorded for the entire Kampala city in form of land wrangles amongst family 
members, public land conflicts and administrative boundary conflicts. Administrative cross boundary conflicts were 
reported between Kampala and Wakiso city boundary around Namanve area where the two city s do not agree on 
the boundary. Areas along Makerere Hill road in Kawempe are often confused to be falling under Central Division, yet 
they fall under Kawempe Division causing revenue collection challenges and distribution of socio-services such as 
health (hospital drugs, mosquito nets). Market land conflicts were also reported for Kalerwe market and Usafi Market 
creating different ownership at different generations. It was indicated that market land conflicts are currently in court. 

In Nakawa Division, incidences of land wrangles were reported occurring throughout the Division, Developers/ 
Investors also encroach on private land especially areas around the Industrial area, Public land conflicts were also 
reported for example there is a hot conflict on the land where he location of the Division head-quarters area located. 
Administrative cross boundary conflicts were reported areas around Kasokoso land boundary.  Similar situation was 
reported in Makindye Division where incidences of land wrangles were reported occurring throughout the Division. 
It was noted that areas on the shoreline around Ggaba have a floating island that migrates once in while between 
Mukono and Kampala city. The Island is said to be habited and grown with crops, the owners of the island find it 
difficult to use the land and even harvest the crops since the island keeps moving away especially during strong 
winds season.  

Central Division – wrangles on ownership of land on which some of the markets like Kisekka, Owino are located. 
Figure 3.20 presents land conflicts’ potential map.
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Figure 3-20: Land Conflicts’ potential zonation map 
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1.12.3 ENVIRONMENTAL DEGRADATION HAZARD ASSESSMENT AND MAPPING

Environmental degradation is the deterioration of the environment through depletion of resources such as air, water 
and soil; the destruction of ecosystems and the extinction of wildlife. It is defined as any change or disturbance 
to the environment perceived to be deleterious or undesirable. As indicated by the I=PAT equation, environmental 
impact (I) or degradation is caused by the combination of an already very large and increasing human population (P), 
continually increasing economic growth or per capita affluence (A), and the application of resource depleting and 
polluting technology (T). 

Environmental degradation is one of the ten threats officially cautioned by the High-level Panel on Threats, 
Challenges and Change of the United Nations. The United Nations International Strategy for Disaster Reduction 
defines environmental degradation as “The reduction of the capacity of the environment to meet social and 
ecological objectives, and needs”. Environmental degradation is of many types. When natural habitats are destroyed 
or natural resources are depleted, the environment is degraded. Efforts to counteract this problem include 
environmental protection and environmental resources management7.

1.12.3.1 METHODOLOGY FOR ENVIRONMENTAL DEGRADATION ASSESSMENT AND MAPPING

Hazard mapping for Environmental degradation involved remote sensing and GIS technologies with the aid of 
ground-truthing to enhance the assessment. This was done using the following procedures:

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

The satellite images for the city, 2005 and 2016 were acquired for this study from an open source United State 
Geological Survey (USGS) website (http://glovis.usgs.gov/). The satellite images included Landsat Enhanced 
Thematic Mapper Plus (ETM+) (2005) as well as Landsat 8 OLI (Operational Land Imager) and TIRS (Thermal Infrared 
Sensor) (2016) which were used in the analysis of evaluating spatial land use and land cover changes. Efforts were 
be taken to obtain cloud free images of the same season and resolution in order to curtail classification errors 
due to seasonality. The images were geo-referenced and pre-processed using Erdas Imagine®. Unsupervised and 
supervised satellite imagery classification procedures according to Lillesand et al. (1994) were applied for time series 
interpretation of land use and land cover and this process were be followed by field ground-truthing. The validation 
for 2005 image�s land use and land cover classification was enhanced by interviews with community members 
in the city. Ground-truthing was done through field surveys using Global Positioning System (GPS) receiver set in 
WGS 1984 (Datum) to enhance classification for 2016 satellite image. Control points from google earth and the 
National Forestry Authority Land use classification of 2005 were used to enhance classification of 2005 image. Image 
classification was carried out using a pixel-based classification system with the maximum likelihood algorithm within 
Erdas Imagine®. 

Accuracy assessment of the land use classification was determined on a pixel basis in Erdas Imagine by generating 
random samples of pixels collected from aerial images and false color composites images, and comparing it to the 
classified images. Accuracy was quantified by developing a confusion matrix for each image and computing the 
corresponding user’s accuracy, producer’s accuracy, overall accuracy and the Kappa coefficient of agreement. The 
producer’s accuracy, the user’s accuracy and the overall map accuracy were indicated as 80% and 85% respectively. 

CHANGE DETECTION WAS DONE USING THE POST CLASSIFICATION ANALYSIS 

The Land Change Modeler (LCM) for Ecological Sustainability available in TerrSet was used to perform land use 
change analysis between the 2005 and 2016 land uses. The LCM is a useful tool that can be used to rapidly assess 
gains and losses in land cover classes, land cover persistence, transitions between categories. LCM uses a three-
stage (change assessment, transition potential modeling and change prediction) process to model land cover change 
between two time periods and to predict the future land cover. Setting the 2005 and 2016 land use layers as inputs, 
LULC change were be modeled within that period. For each land use classes, net change, gains and losses were be 
assessed (Clark Labs, 2009). Areas that experienced losses were considered as environmental degradation hotspots. 

KCCA Report 2018.indd   118 8/7/18   10:34 PM



Multi-Hazard, Risk And Vulnerability Profile For Kampala City 119

Hotspot mapping and characterization for environmental degradation was accomplished in ArcGIS 10.2.  

1.12.3.2  ENVIRONMENTAL DEGRADATION HAZARD ZONATION MAP

Key findings of this study indicated that environmental degradation is another most critical issue in Kampala city. 
Participants in the focus group discussions indicated wetland encroachment, deforestation, sand mining, extraction 
of murram for road construction, vegetation clearing, stone quarrying, brick laying and general waste (solid and 
liquid) dumping as the most common forms of environmental degradation in the City.  

Swamps, wetlands and channels are extension of the lake ecosystem to land; however wetland encroachment, 
reclamation and backfilling with garbage and murram especially in areas of Salama, Ggaba, Munyonyo, Bunga 
and Buziga in Makindye Division have seen most wetland ecosystem degraded. It was indicated that in Salama 
area people even have land titles for wetland areas and a number of recreational facilities have been developed 
in wetlands. Waste dumping since some people refer wetlands as wastelands to the extent of dumping non-
biodegradable waste, medical waste which is dangerous to human health in case of leakage into surface water 
sources (Lake Victoria). 

Incidences of swamp conversion, backfilling with garbage and soil and construction in the wetland areas were 
observed in areas along Nsoba and Lubigi wetlands in Kawempe Division almost completely exhausting the wetland 
ecosystems. It was reported that the culprits do back filing at night and within a short time, the wetland is drained 
and eventually converted to built-up area. Participants in Nakawa Division reported illegal settlement in protected 
areas of Banda Nursery central forest reserve, illegal settlement in wetland areas around Kyambogo and Kinawataka, 
industrialization in wetlands especially in the Industrial area. It was indicated that the illegal wetland encroachments 
and general environmental degradation are the main causes of recurrent floods in the City. Figure 3.21 presents 
environmental degradation zonation map.
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Figure 3-21: Environmental Degradation Zonation Map 
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1.12.4 AIR POLLUTION HAZARD ASSESSMENT AND MAPPING

Air pollution is the introduction of particulates, biological molecules, and other harmful substances into Earth’s 
atmosphere, causing diseases, allergies, death to humans, damage to other living organisms such as animals and 
food crops, or the natural or built environment. Air pollution may come from anthropogenic or natural sources. 
Indoor air pollution and urban air quality are listed as two of the world’s worst toxic pollution problems in the 2008 
Blacksmith Institute World’s Worst Polluted Places report. According to the 2014 WHO report, air pollution in 2012 
caused the deaths of around 7 million people worldwide, an estimate roughly matched by the International Energy 
Agency. 

An air pollutant is a substance in the air that can have adverse effects on humans and the ecosystem. The substance 
can be solid particles, liquid droplets, or gases. A pollutant can be of natural origin or man-made. Pollutants are 
classified as primary or secondary. Primary pollutants are usually produced from a process, such as ash from a 
volcanic eruption, carbon monoxide gas from motor vehicle exhaust, or the sulfur dioxide released from factories. 
Secondary pollutants are not emitted directly, rather, they form in the air when primary pollutants react or interact. 
Ground level ozone is a prominent example of a secondary pollutant. Some pollutants may be both primary and 
secondary: they are both emitted directly and formed from other primary pollutants8.

1.12.4.1 METHODOLOGY FOR AIR POLLUTION ASSESSMENT AND MAPPING

Air pollution hazard mapping employed a combination of participatory mapping and spatial analysis in a GIS 
environment. Participatory mapping involved stakeholder engagements carried out in close collaboration with 
OPM’s DRM team and the city disaster management focal persons with the aim of identifying Air pollution point 
sources based on historical records and testimonies from participants and indigenous knowledge. Focus Group 
Discussions (FGDs) and key informant interviews guided by checklist tools were conducted involving KCCA Risk 
Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city level and Town Clerks, 
Division Risk Champions, Road officers, Ward Administrators, production officers, Health Inspector, Physical Planner 
and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala city i.e. Central, Nakawa, 
Makindye, Lubaga and Kawempe Divisions. 

GEO-REFERENCING AIR POLLUTION POINT SOURCES

Field visits were carried out to enhance identification and mapping of Air pollution point sources. Geo-referencing 
of the identified Air pollution point sources was carried out using a handheld Spectra precision Global Positioning 
System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities captured included: hazard 
location, (Division and Ward), extent of the hazard, air pollutant type, neighboring land use and population. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Thematic data needed for generation of air pollution potential map were collected from different sources:

	 Air pollution point sources from KCCA/GIZ project 2012

	 Location of Air pollution point sources from field surveys

Air pollution point sources were geo-statistically interpolated in a GIS environment considering extent of the hazard 
for each of the Air pollution point sources. The interpolation method used was the Inverse Distance Weighting (IDW). 
This model combines the idea of proximity espoused by Thiessen polygons with the gradual change of a trend 
surface (Thiessen, 1911). Measured values closest to the predicted location have more influence on the predicted 
value than those farther away. This distance-decay approach has been applied widely to understand air pollution 
(Rivera-González, L. O., et al 2015).  The interpolated map was then classified into four classes ranging from Very 
low, Low, Moderate and High depending on the extent of the hazard characterized for each of the Air pollution point 
sources during the field survey. 
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1.12.4.2  AIR POLLUTION HAZARD ZONATION MAP

Participatory mapping indicated that air pollution is on the increase in Kampala city than before. The commonest air 
pollutants reported include:  
Sulfur dioxide (SO2): produced particularly from industrial processes (manufacturing facilities (factories) and waste 
incinerators). Coal and petroleum often contain sulfur compounds, and their combustion generates SO2. Further 
oxidation of SO2, usually in the presence of a catalyst such as NO2, forms H2SO4, and thus acid rain. This is one of 
the causes for concern over the environmental impact of the use of these fuels as power sources. Areas of Industrial 
area in Nakawa Division are most prone to this form of air pollution.

Nitrogen dioxide (NO2): expelled from high temperature combustion and is also produced during thunderstorms 
by electric discharge. Often seen as a brown haze dome above or a plume downwind of cities is one of the most 
prominent air pollutants with a characteristic sharp, biting odor. Areas with active industries are most prone to this 
form of air pollution such as Industrial area and Kyambogo in Nakawa Division and Kawempe.

Carbon monoxide (CO): a colorless, odorless, toxic yet non-irritating gas. It is a product by incomplete combustion of 
fuel such as natural gas, coal or wood. Vehicular exhaust is a major source of carbon monoxide. These pollutants are 
most common in the City especially from the old vehicles moving along the streets in the city.

Particulate matter (PM): atmospheric particulate matter or fine tiny particles of solid or liquid suspended in a gas. 
Activities, such as the burning of fossil fuels in vehicles, power plants and various industrial processes generate 
significant amounts of aerosols (mixture of particulates and gas). Increased levels of fine particles in the air are linked 
to health hazards such as heart disease, altered lung function and lung cancer. These pollutants are most common 
in industry-active areas such as Industrial area and Kyambogo in Nakawa Division, industrial six street area and 
Kawempe.

Toxic metals such as lead and mercury, especially their  compounds are harmful as they leach into water sources 
contaminating them. These pollutants are most common in areas with garages, battery manufacturing and repair 
industries. 

Chlorofluorocarbons (CFCs): harmful to the ozone layer are released from air conditioners, refrigerators, aerosol 
sprays, etc. CFC’s on being released into the air rises to stratosphere. Here they come in contact with other gases 
and damage the ozone layer. This allows harmful ultraviolet rays to reach the earth’s surface. This can lead to skin 
cancer, disease to eye and can even cause damage to plants. These pollutants are most common in areas that 
actively use refrigerator equipment and cold rooms such as ice manufacturing industries.

Odours: such as from garbage, sewage, and industrial processes areas around Bugolobi in Nakawa Division, areas 
neighbouring the Kitezi landfill in Kawempe Division

Radioactive pollutants: produced by nuclear explosions, nuclear events and natural processes such as the 
radioactive decay of radon. These are not common but the use of radioactive gadgets such Bank ATM machines, are 
sources of such radioactive pollutants. However it should be noted that further research should be done to establish 
the ATMs radioactive pollutants levels. Garbage is a potential hazard for Central division and the consultant should 
look at statistics of collection, disposal and reuse data. Figure 3.22 presents the location of major air pollution point 
sources and the air pollution potential zones.
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Figure 3-22: Air Pollution Potential Zonation map 
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1.12.4.3 LIMITATIONS OF AIR POLLUTION HAZARD MAPPING

The main limitation of this Air pollution hazard analysis was data availability. This analysis did not consider air quality 
measurements perse instead used observations at the air pollution point sources as well as secondary data that was 
very limited in terms of quantification of the hazard.

1.12.4.4 RECOMMENDATIONS FROM AIR POLLUTION HAZARD MAPPING

It is highly recommended that Air quality assessment should be done to ascertain the quality of air in Kampala, 
clearly showing the units of measure. Detailed Air quality assessment should be carried out at the local scale for 
areas surrounding air pollution point sources. The air pollution hazard maps must be updated at least monthly due to 
its sensitivity to public health. 

1.12.5 WATER POLLUTION HAZARD ASSESSMENT AND MAPPING

Water pollution is the contamination of water bodies (e.g. lakes, rivers, oceans, aquifers and groundwater). This 
form of environmental degradation occurs when pollutants are directly or indirectly discharged into water bodies 
without adequate treatment to remove harmful compounds. Water pollution affects the entire biosphere – plants and 
organisms living in these bodies of water. In almost all cases the effect is damaging not only to individual species 
and population, but also to the natural biological communities.
Water pollution is a major global problem which requires ongoing evaluation and revision of water resource policy 
at all levels (international down to individual aquifers and wells). It has been suggested that water pollution is the 
leading worldwide cause of deaths and diseases, and that it accounts for the deaths of more than 14,000 people 
daily. Water is typically referred to as polluted when it is impaired by anthropogenic contaminants and either does 
not support a human use, such as drinking water, or undergoes a marked shift in its ability to support its constituent 
biotic communities, such as fish. Natural phenomena such as volcanoes, algae blooms, storms, and earthquakes 
also cause major changes in water quality and the ecological status of water

1.12.5.1 METHODOLOGY FOR WATER POLLUTION ASSESSMENT AND MAPPING

Water pollution hazard mapping employed a combination of participatory mapping and spatial analysis in a GIS 
environment. Participatory mapping involved stakeholder engagements carried out in close collaboration with 
OPM’s DRM team and the city disaster management focal persons with the aim of identifying Water pollution point 
sources based on historical records and testimonies from participants and indigenous knowledge. Focus Group 
Discussions (FGDs) and key informant interviews guided by checklist tools were conducted involving KCCA Risk 
Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city level and Town Clerks, 
Division Risk Champions, Road officers, Ward Administrators, production officers, Health Inspector, Physical Planner 
and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala city i.e. Central, Nakawa, 
Makindye, Lubaga and Kawempe Divisions. 

GEO-REFERENCING WATER POLLUTION POINT SOURCES

Field visits were carried out to enhance identification and mapping of Water pollution point sources. Geo-referencing 
of the identified Water pollution point sources was carried out using a handheld Spectra precision Global Positioning 
System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities captured included: hazard 
location, (Division and Ward), extent of the hazard, waste water pollutant type, neighboring land use and population. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Thematic data needed for generation of air pollution potential map were collected from different sources:

	 Water pollution point sources from KCCA/GIZ data- 2012
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	 Location of water pollution point sources from field surveys

• Water pollution point sources were geo-statistically interpolated in a GIS environment considering extent of the hazard 
for each of the Water pollution point sources. The interpolation method used was the Inverse Distance Weighting 
(IDW). 

This model combines the idea of proximity espoused by Thiessen polygons with the gradual change of a trend surface 
(Thiessen, 1911). Measured values closest to the predicted location have more influence on the predicted value than 
those farther away. This distance-decay approach has been applied widely to understand water pollution (Rivera-
González, L. O., et al 2015).  The interpolated map was then classified into four classes ranging from Very low, Low, 
Moderate and High depending on the extent of the hazard characterized for each of the water pollution point sources 
during the field survey. 

1.12.5.2  WATER POLLUTION HAZARD ZONATION MAP

Participatory mapping indicated that Water pollution is on the increase in Kampala city than before including both Point 
source and non-point source water pollution: 
In Point source water pollution, contaminants enter a waterway from a single, identifiable source, such as a pipe, 
ditch (city storm drain), factory (industrial storm water) such as from construction sites and discharges from a sewage 
treatment plant (e.g. municipal storm sewer systems). Areas prone to this form of water pollution include: industrial 
areas strewn through the entire City, areas around waste water treatment plants, (Bugolobi, Ggaba water treatment 
plants in Nakawa and Makindye Divisions respectively) and areas around arbitrators (Industrial area and Bwaise 
(Nakawa and Makindye Divisions respectively). 

Non-point source water pollution where by diffuse contamination does not originate from a single discrete source. NPS 
pollution is often the cumulative effect of small amounts of contaminants gathered from a large area such as urban 
runoff (contaminated storm water washed off of parking lots, roads and highways). However, most often this runoff is 
typically channeled into storm drain systems and discharged through pipes to local surface waters, it becomes a point 
source. Figure 3.23 presents the location of major water pollutants  while Figure 3.24 presents the location of major air 
pollution point sources and the air pollution potential zones. 
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Figure 3-23: Water Pollution Discharge Point
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Figure 3-24: Wastewater Pollution potential zonation per Sub-basin 
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1.12.5.3 LIMITATIONS OF WATER POLLUTION HAZARD MAPPING

The main limitation of this water pollution hazard analysis was data availability. This analysis did not consider water 
quality measurements perse instead used secondary data from KCCA/GIZ data Archives in addition to observations 
at the water pollution point sources.

1.12.5.4 RECOMMENDATIONS FROM WATER POLLUTION HAZARD MAPPING

It is highly recommended that Water quality assessment should be done to ascertain the quality of water and 
wastewater in Kampala, clearly showing the units of measure. Detailed water quality assessment should be carried 
out at the local scale for areas surrounding water pollution point sources. The water pollution hazard maps must be 
updated at least monthly due to the its sensitivity to public health. 

1.12.6 NOISE POLLUTION HAZARD ASSESSMENT AND MAPPING

Noise pollution or noise disturbance is the disturbing or excessive noise that may harm the activity or balance of 
human or animal life. The source of most outdoor noise worldwide is mainly caused by machines and transportation 
systems, motor vehicles, aircraft, and trains. Outdoor noise is summarized by the word environmental noise. Poor 
urban planning may give rise to noise pollution, since side-by-side industrial and residential buildings can result in 
noise pollution in the residential areas. Documented problems associated with urban noise go back as far as Ancient 
Rome9. 

1.12.6.1 METHODOLOGY FOR NOISE POLLUTION ASSESSMENT AND MAPPING

Noise pollution hazard mapping employed a combination of participatory mapping and spatial analysis in a GIS 
environment. Participatory mapping involved stakeholder engagements carried out in close collaboration with 
OPM’s DRM team and the city disaster management focal persons with the aim of identifying Noise pollution point 
sources based on historical records and testimonies from participants and indigenous knowledge. Focus Group 
Discussions (FGDs) and key informant interviews guided by checklist tools were conducted involving KCCA Risk 
Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city level and Town Clerks, 
Division Risk Champions, Road officers, Ward Administrators, production officers, Health Inspector, Physical Planner 
and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala city i.e. Central, Nakawa, 
Makindye, Lubaga and Kawempe Divisions. 

GEO-REFERENCING NOISE POLLUTION POINT SOURCES

Field visits were carried out to enhance identification and mapping of Noise pollution point sources. Geo-referencing 
of the identified Noise pollution point sources was carried out using a handheld Spectra precision Global Positioning 
System (GPS) unit, model: Mobile Mapper 20 set in WGS 1984 Datum. The entities captured included: hazard 
location, (Division and Ward), extent of the hazard, source of Noise, neighboring land use and population. 

TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Thematic data needed for generation of Noise pollution potential map were collected from different sources:

	 Location of industries and factories for Kampala city 

	 Location of Noise pollution point sources from field surveys

Noise pollution point sources were geo-statistically interpolated in a GIS environment considering extent of the 
hazard for each of the Noise pollution point sources. The interpolation method used was the Inverse Distance 
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Weighting (IDW). This model combines the idea of proximity espoused by Thiessen polygons with the gradual change 
of a trend surface (Thiessen, 1911). Measured values closest to the predicted location have more influence on the 
predicted value than those farther away. This distance-decay approach has been applied widely to understand Noise 
pollution (Rivera-González, L. O., et al 2015).  The interpolated map was then classified into four classes ranging 
from Very low, Low, Moderate and High depending on the extent of the hazard characterised for each of the Noise 
pollution point sources during the field survey. 

1.12.6.2 NOISE POLLUTION HAZARD ZONATION MAP
1.12.6.3 Participatory mapping indicated that Noise pollution is on the increase in Kampala city than before. 
This increase has been attributed to the changes in land use – from residential to industries, discos, bars etc – 
especially in the unplanned settlements. Noise point sources for Kampala city  particularly originate form machines, 
construction activities, music performances, mushrooming churches especially Pentecost churches that use heavy 
sound systems,  trains railway line area especially in industrial areas and on construction sites. High noise levels can 
contribute to cardiovascular effects in humans and an increased incidence of coronary artery disease. In animals, 
noise can increase the risk of death by altering predator or prey detection and avoidance, interfere with reproduction 
and navigation, and contribute to permanent hearing loss. 
Figure 3.25 presents the Noise pollution potential zonation map.

1.12.6.4 LIMITATIONS OF NOISE POLLUTION HAZARD MAPPING

The main limitation of this Noise pollution hazard analysis was data availability. This analysis did not consider Noise 
levels assessments perse rather used secondary data from KCCA/GIZ data Archives in addition to observations at 
the noise pollution point sources.

1.12.6.5 RECOMMENDATIONS FROM NOISE POLLUTION HAZARD MAPPING

It is highly recommended that noise levels assessment should be done to ascertain the noise levels in Kampala, 
clearly showing the units of measure. Detailed noise pollution assessment should be carried out at the local scale for 
areas surrounding noise pollution point sources. The noise pollution hazard maps must be updated at least quarterly 
due to the prevailing changes in land use – from residential to industires, discos, bars. 
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Figure 3-25: Noise Pollution Potential Zonation Map 
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1.12.7 ACCIDENTS HAZARD ASSESSMENT AND MAPPING

An accident, also known as an unintentional injury, is an undesirable, incidental and unplanned event that could 
have been prevented had circumstances leading up to the accident been recognized, and acted upon, prior to its 
occurrence. Most scientists who study unintentional injury avoid using the term “accident” and focus on factors that 
increase risk of severe injury and that reduce injury incidence and severity10.

1.12.7.1 METHODOLOGY FOR ACCIDENTS HAZARD ASSESSMENT AND MAPPING

The accidents analysis used traditional Kernel Density Estimation (KDE) technique. Kernel Density Estimation (KDE) 
is a spatial data analysis of ArcGIS program. Budiharto and Saido (2012) measured Kernel Density for determining 
the risk spread of the accidents. The spread of risk can be defined as the area around the cluster where such risk 
may increase due to an accident. An analysis using KDE tool produces a raster output. Erdogan et al. (2008) used 
GIS as a management system for accidents analysis and determination of hot spots with statistical analysis (KDE 
and Poisson). 

Hotspots analysis will be used to identify and supply required information to help decision makers in making suitable 
decisions to prevent and reduce traffic accidents. In general, traffic accidents’ statistics has been considered as 
assessment index to evaluate possible future traffic accidents in roads. Nowadays, using real data and GIS are of 
tools to predict spatial pattern of traffic accidents which have correlation with real conditions. 
TOOLS USED, DATA REQUIREMENTS AND DATA PROCESSING 

Thematic data needed for generation of accidents potential map were collected from different sources:

	 Accidents related data particularly locations of accidents spots from field surveys 

	 Roads network from KCCA

ACCIDENTS’ DATA ANALYSIS METHOD

Mapping spatial statistic is a key to understand occurrence of spatial-temporal accidents and spatial analysis 
includes a set of methods to describe and model spatial data. The most important issue is the presence of spatial 
effects among neighboring samples over space and time – an issue that can adequately be addressed using point 
pattern analysis (Yamada & Rogerson, 2003). This study used ArcGIS10.2 software to analyze kernel density (Okabe 
et al., 2006) for spatial analysis on the network.
Kernel density analysis

Accident risk growth can be defined as an area around a special cluster with the highest accident risk, determined 
based on spatial analysis. In addition, using density method, a contractual spatial analysis unit can be defined in 
consistent form in the whole study area in order to create criteria for clustering and comparison. Previous studies 
showed that conventional kernel density estimation (KDE) has been employed in several safety studies to detect 
the crash hazard regions (Anderson, 2009; Pulugurtha et al., 2007). The idea behind density estimation is that the 
point pattern has a density at any location in the study region not just at the location where the event occurs or is 
displayed (Lloyd, 2006; O’Sullivan and Unwin, 2002). Kernel density estimation includes placing a symmetric plane 
on each point and assessment of space from that point to the reference point based on mathematical function and 
total amounts for the whole levels for the reference point. This method is repeated for other consecutive points. So, 
this method provides possibilities to use kernel function for each observation and these kernel functions altogether 
provide density analysis for distribution of accidents points (Bailey and Gatrell, 1995).

1.12.7.2 ACCIDENTS HAZARD ZONATION MAP

Participatory mapping indicated that accidents are on the increase in Kampala city than before. The most common 
accidents are those involving boda bodas, taxis and personal vehicles since these are the most common means of 
transport in the City. 
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In Nakawa Division, incidences of road accidents have been recorded high along Mugerwa road junction along 
Nakawa-Banda road with open culverts, potholes and lack of man hole covers. In Kawempe Division, incidences 
of road accidents have been recorded high along Sir Apollo road stretch between Makerere Hill Road junction and 
the Fly over at Northern ByPass and also along Gayaza road. It was indicated the Bombo road is also prone to road 
accidents, it has limited number of humps and even where the humps exist, there is no signage. 

In Makindye Division, incidences of road accidents have been recorded high along Salama road stretch between 
Kobil Fuel station and Makindye S.S., Kalungi road in Bukasa reported too narrow and prone to road accidents and 
Military junction on Makindye road from Kibuye Roundabout. 

In Lubaga Division, road accidents have been recorded high along Mityana road stretch between Northern Bypass 
and Busega roundabout and along Natete road from Kibuye especially junction on to Lubaga while in Central 
Division, road accidents have been recorded high in the civic centre along  Industrial street road from Kitgum House 
Jinja road lights crossing the railway line from Mukwano industries. Several incidences have been recorded on 
the railway crossing spot involving vehicles being knocked by the train. Road accidents have been attributed to 
selfishness of drivers, drivers drive beyond drive space, narrow roads, potholes, open drains, edge drops eaten up, 
carelessness, impatient drivers who add additional lanes especially during peak hours. 

Kernel Density Estimation for accidents analysis resulted in accidents potential zonation map as presented in Figure 
3.26 below.

1.12.7.3 LIMITATIONS OF ACCIDENTS’ HAZARD MAPPING

The main limitation of this Accidents hazard analysis was data availability. It was difficult to carry out detailed 
accidents’ risk due to lack of economic losses catalogue of the historic road accidents. 

1.12.7.4 RECOMMENDATIONS FROM NOISE POLLUTION HAZARD MAPPING

It is highly recommended that accident’s catalogue be updated to include economic losses, this will be helpful to do 
detailed accidents’ risk assessment.  Detailed accidents’ hazard assessment should be carried out at the local scale 
for accident hotspots. The accidents’ hazard maps must be updated at least monthly to monitor the implementation 
of traffic rules and guide traffic deployment. 
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Figure 3-26: Road Accidents’ Hot spots Zonation Map
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1.12.8 CRIMES HAZARD ASSESSMENT AND MAPPING

A crime is an unlawful act punishable by a state or other authority. The term “crime” does not, in modern criminal 
law, have any simple and universally accepted definition, though statutory definitions have been provided for certain 
purposes. The most popular view is that crime is a category created by law; in other words, something is a crime if 
declared as such by the relevant and applicable law. One proposed definition is that a crime or offence (or criminal 
offence) is an act harmful not only to some individual or individuals but also to a community, society or the state (“a 
public wrong”). Such acts are forbidden and punishable by law11. 
The notion that acts such as murder, rape and theft are to be prohibited exists worldwide. What precisely is a 
criminal offence is defined by criminal law of each country. While many have a catalogue of crimes called the 
criminal code, in some common law countries no such comprehensive statute exists. The state (government) has the 
power to severely restrict one’s liberty for committing a crime. In modern societies, there are procedures to which 
investigations and trials must adhere. If found guilty, an offender may be sentenced to a form of reparation such as a 
community sentence, or, depending on the nature of their offence, to undergo imprisonment, life imprisonment or, in 
some jurisdictions, execution.

1.12.8.1 METHODOLOGY FOR CRIMES HAZARD ASSESSMENT AND MAPPING

Tools Used, Data requirements and Data processing 

Thematic data needed for generation of crimes potential map were collected from different sources:

	 Crime location from field surveys 

	 Population data from UBOS

Crimestat is a free downloadable statistical package that mainly analyzes the point data. CrimeStat is a Windows-
based spatial statistical program for the analysis of crime incident locations. It is developed by Ned Levine & 
Associates, with funding by the National Institute of Justice, an agency of the United States Department of Justice. It 
is designed to be coupled with GIS. Program performs many spatial analyses on point data (crime location, accident 
location etc.), zone data (blocks, traffic analysis zones, neighborhood/ county/ city districts etc.) or line (e.g. road 
segments). Program provides many analyses under the sections of spatial description (e.g. spatial distribution, 
distance analysis, hot spot analysis), spatial modelling (e.g. Interpolation, Space-Time Analysis) and Crime Travel 
Demand (Levine, 2010). 

Program offers several statistical methods to detect hot spot locations such as; mode, fuzzy mode, NNH clustering, 
risk adjusted NNH clustering, K-means clustering, Moran statistic, Spatial and Temporal Analysis of crime (STAC) and 
KDE (Levine, 2010). Crimestat is mostly used in crime analysis as the name suggests. Method is based on a point 
density function, which is calculated for all cells of a grid area (study area). To do the crime analysis, the following 
steps were followed in CrimeStat: 

• Generating study area extension (based on a lower left and upper right coordinates), 
• Defining spatial resolution of grid cell (either by cell spacing or number of columns), 
• Placing a centred on each incident location point, symmetrical surface is placed. The surface of density 

function changes according to the defined bandwidth value, 
• For each cell on the defined grid area (study area), method sums the value of all surfaces for that reference cell 

(Levine, 2010). 

This procedure is repeated for all reference locations. In Crimestat, there are five different mathematical function is 
available for calculating KDE; normal, uniform, quartic, triangular and negative exponential, this study  adopted the 
normal and uniform KDE method. As an output, Crimestat offers three options; absolute densities, relative densities 
and probabilities. Absolute densities give density estimates using formulas depending on what type of method 
is used. Relative densities give normalized values that absolute densities are divided by the area of the grid cell. 
Probabilities give the density at any one cell which is divided by the total number of points in study area (Levine, 
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2010). The densities map were then overlaid with the population densities map to derive the Crimes Hazard Zonation 
Map.

1.12.8.2  CRIMES HAZARD ZONATION MAP

Participatory mapping indicated that accidents are on the increase in Kampala city than before. The most common 
crimes include: thefts and burglary, murder and assassinations, rape, drug abuse and a few incidences of bombing 
terrorist attacks case of Kyadondo Rugby grounds and Kabalagala.  Increase in crimes hasoften been linked to lack 
of jobs especially among the energetic youth. Incidences of murder and misuse of fire arms, assassinations. It should 
be noted that average 10 people die out of such crimes in the City only per month (Pers. Comment).

In Makindye Division, the most prone areas include informal settlements of Katwe Base Zone, Kibuye 1, Kanakulya-
Kapeke-Nabisalu, Kikuuba Mutwe, Katamba-Buyinja, Nsambya-Kevina, Katwe 1, Nsambya Gogonya , Salaama 
(Bunzaali Zone), Nyago, Wabigalo, Kasanga, Kisugu, Bukasa, Ggaba, Kilombe Lukuli, Kabalagala and Namuwongo. 
These areas were reported as harboring drug abusers and “Kifeesi” group as it is commonly referred who do most of 
the crimes ranging from thefts, murder and drug abuse.  

In Nakawa Division, informal settlements of around Luzira , Naguru II, Kasenke II- Mulimira, Kitintale, Miwanda, 
Nsimbe- Kasi, Sentamu – Kavule, Lower Balintuma, Kamwanyi, Butabilka – Kirombe, Jambula- Bugolobi  and 
Katoogo also reported as hotspot for crimes especially in abandoned buildings that act as hideouts for the 
commonly “Kifeesi” group. In Kawempe Division, the most prone areas around Informal settlements in areas of 
Bwaise III, Bwaise II, Wandegeya (Katanga), Mulago III and Kawempe I.
In Lubaga Division, the most prone areas around Informal settlements in Kosovo in Lungujja, Mabito, Kigaga in 
Natete, Kizito zone in Najjanankumbi II, Kiyaye, Kiwunya in Nakulabye, Kasenyi, Sembule, Nakaiza and Kironde in 
Kabowa, Kasumba, Nsiike I, Nsiiike II, Kidomole, Wilson and Betania zones in Ndeeba, Kabawo in Mutundwe parish, 
Kasubi, Lubya and Busabala in Najjanankubi I, Bwaise and Kawempe II in Kawempe Division. Figure 3.27 presents 
crimes Hazard Zonation Map.
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Figure 3-27: Crimes’ Hazard Zonation Map
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1  VULNERABILITY AND RISK ASSESSMENT AND PROFILING 

Chapter 4 presents the Vulnerability and risk assessment and profiling for Kampala city. This chapter is sub-divided 
into 3 sections as follows:

1) Methodology for vulnerability assessment and profiling 

2) Components of vulnerability for Kampala city

3) Visualizing risk profile

a. Risk Matrix

b. Vulnerability profile for Kampala city

c. Risk assessment for Kampala city by Division

1.1 METHODOLOGY FOR VULNERABILITY ASSESSMENT AND PROFILING

1.1.1 VULNERABILITY ASSESSMENT

In multi-hazard risk assessment, the vulnerability assessment is the most challenging part as the concept of risk 
assessment and is defined in many different ways. According to Leon’s literature review (2006), vulnerability, is 
generally characterized as the susceptibility of a society of being affected by disasters and their capacity to cope 
with them. Risk is the possibility of harmful consequences, or expected losses due to interactions between hazards 
and vulnerable conditions. 

Vulnerability assessments are systematic examinations of building elements, facilities, population groups or 
components of the economy to identify features that are susceptible to damage from the effects of natural hazards. 
Vulnerability is a function of the prevalent hazards and the characteristics and quantity of resources or population 
exposed (or “at risk”) to their effects. Vulnerability can be estimated for individual structures, for specific sectors 
or for selected geographic areas, e.g., areas with the greatest development potential or already developed areas in 
hazardous zones.

Vulnerability to natural hazards is an integral factor in understanding the true extent of risk. The concept of 
vulnerability is complex and cannot be comprehensively answered by one research method alone. However, aspects 
of vulnerability to natural hazards can be measured which value-add to hazard models and provide a greater 
picture of total risk. Exploring quantitative methods of assessing vulnerability is essential to ongoing risk research, 
in particular, risk-informed decision making, which is a fundamental part of natural hazard risk management. 
Vulnerability can be viewed from structural and non-structural perspectives

Vulnerability generally refers to the conditions or unfavorable conditions, including physical, social, economic, and 
environmental factors, that increase the susceptibility of elements at risk to the impact of hazards. The vulnerability 
indicators for different types of elements at risk are very different, however, their vulnerability models can be built 
following the same process as below:
Step 1: Identify vulnerability indicators for the target elements at risk; 
Step 2: Conduct the sensitivity and relevant importance of vulnerability indicators in terms on the context;
Step 3: Select vulnerability indicators in terms of the relative importance of vulnerability indicators, the level of 
required detail, and the availability of data;
Step 4: Build Vulnerability Index. VI takes the value ranging between 0 and 1, normalized by the percentage of the 
number of the targeted social vulnerability indicators out of the total selected.
Step 5: Assess the vulnerability level of target elements at risk using a four class scale of vulnerability (Table 4.1). 
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Table 4-1: Generic Classification of  Vulnerability

VULNERABILITY CLASS CODE DESCRIPTION

Highly Vulnerable V1
60-100% of the selected 
vulnerability indicators are targeted 
(Index Value = 0.6-1.0)

Moderately Vulnerable V2
30-60% of the selected vulnerabil-
ity indicators are targeted (Index 
Value = 0.3-0.6)

Slightly Vulnerable V3
<30% of the selected vulnerability 
indicators are targeted (Index Value 
= 0-0.3).

Not vulnerable V4
0% of the selected vulnerability 
indicators are targeted. (Index 
Value = 0)

Vulnerability for Kampala city was assessed basing on two broad criteria i.e. socio-economic and environmental 
components of vulnerability. Participatory approach was employed to assess these vulnerability components by 
characterizing the exposure agents, including hazards, elements at risk and their spatial dimension. Participants also 
characterized the susceptibility of the city including identification of the potential impacts, the spatial disposition and the 
coping mechanisms. Participatory mapping also identified the resilience dimension at different spatial scales (Table 4.2).

TABLE 4-2 COMPONENTS OF VULNERABILITY FOR KAMPALA CITY 

HAZARDS 
ELEMENTS OF 

RISK 
SCALE SUSCEPTIBILITY SCALE COPING STRATEGIES SCALE 

Earth quakes Infrastructure e.g. 
Buildings, roads City Not Serious City Limited measures have been 

undertaken City 

Soil Erosion Human, Livestock 
and Livelihoods City 

- Crop failure 

- Wetland degradation 

- Reduced water source 
points 

- Destruction of roads 

City

- Soil and water conservation 
structures 

- Maintenance of drainage 
channels 

City 

Floods 

- Livestock ad-
jacent to flood 
plains 

- Crop failure

- Human lives

- Roads 

- Buildings 

Ward 

- Livestock loss

- Destruction crops and 
pastures

- Loss of lies

-  Destruction of roads adja-
cent to flooding areas

- Structures adjacent to flood 
wet lands  

Ward 

- Sensitization on wetland con-
servation 

- Sensitization on waste man-
agement and disposal by the 
public 

- Establishing early warning 
systems for floods

City 
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Dry spells 

- Livestock 

- Crops 

- Human popula-
tion 

City 

- Crop failure 

- Shortage of water 

- Food shortage 

City 

- Tree planting 

- Promotion of climate resilient 
agriculture

- Undertake detailed food secu-
rity vulnerability assessments 

City 

Storms ( Hail 
storms, winds and 
lightening)

- Human popula-
tion s

- Livestock

- Crops 
Division 

- Loss of lives 

- Destruction of crops
Division 

- Planting of trees

- Installation of lightening con-
ductors 

Division  

Plant pests and 
diseases - Crops City Crop failure City 

- Use of pesticides

- Destruction of affected 
crops

- Using resistant or toler-
ant varieties 

- Sensitization on crop 
disease management

City 

Livestock para-
sites, vectors and 
diseases

- Livestock City 
- Loss of livestock 

- Reduced livestock 
productivity 

City 

- Vaccination 

- Destruction and burying 
of  affected livestock

- Quarantining affected 
livestock 

City 

Human Diseases 
outbreaks Human population City 

- Loss of lives

- Morbidity of popu-
lation(Human health 
deterioration) 

-   

City 

- Mass vaccination 

- Promotion of preventive mea-
sures such as use of mosquito 
nets, condoms etc 

- Public health inspections.

- Continuous epidemiology and 
disease surveillance.

- Continuous maintenance of 
good sanitation

City 

Invasive species - Indigenous 
species Division

- Out compete the 
indigenous species 

- Suppresses growth of 
indigenous species

- Destruction of water 
quality 

 

Division  

- Sensitization on manage-
ment of invasive species 
to the public

- Removal of invasive 
species from the water 
sources 

Division 

Infrastructure fires 

- Infrastructure 
e.g. hous-
es, markets, 
schools, facto-
ries etc 

City
- Loss of lives 

- Destruction of prop-
erty 

City 

- Sensitization on fire man-
agement to the public

- Undertaking simulation 
exercises for fire in the 
city 

- Establishment of fire-
fighting equipment e.g. 
hydrants and extinguish-
ers

- Providing for alley ways 
for access by firefighting 
teams 

-  Reconstruction of 
markets

City 
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Land conflicts - Human popu-
lation Division 

- Loss of lives 

- Family violence and 
break ups

- Displacements

Division

- Community/family dialogue 

- Use of courts of law in charge 
of land issues 

- Development of conflict man-
agement policies at city level 

Division 

Environment deg-
radation

- Human 

- Livestock 

- Natural vege-
tation 

City 

- Increased flooding 

- Reduced water quality

- Impact on biodiversity 
living in the wetlands

City 

- Sensitization of the public on 
wetland conservation 

- Enforcement of laws on wet-
land management 

- Restoration and protection  of 
wetlands

- Promotion of tree planting

City 

Air pollution 

- Human popu-
lation 

- Crops 

- Natural vege-
tation 

City 

- Human health deteri-
oration 

- Loss of lives

- Livestock health dete-
rioration and deaths 

- Crop  failure 

City 

- Establishment of early warning 
equipment for air quality 

- Sensitization on air quality 

- Enforcement of regulations on 
emissions 

- Setting by laws 

-  Dissemination of information 
on air quality to the public 

City 

Water pollution 

- Human

- Livestock 

- Crops

- Natural vege-
tation

Division 

- Human health deteri-
oration 

- Loss of lives

- Livestock health dete-
rioration and deaths 

- Crop  failure

Division 

- Sensitization on water pollu-
tion to the public 

- Enforcement of regulations on 
waste water management 

- Setting bi- laws for water qual-
ity management 

- Water quality monitoring 

Division

Noise pollution
- Human popu-

lation 

- Livestock 
City 

- Noise related diseases 
City 

- Sensitization on noise pollu-
tion in the city 

- Enforcement of regulations on 
noise pollution. 

- Setting bi- laws for noise 
management 

- Noise pollution  monitoring

City 

Technological 
failures and 
accidents ( road, 
water, electricity, 
building collapses 

- Human popu-
lation 

- Infrastructure  
e.g buildings 

City 

- Building collapse

- Loss of lives 

- Destruction of prop-
erty 

City 

- Building integrity risk assess-
ments 

- Development control and en-
forcing adherence to approved 
plans

- Sensitization on traffic rules 

- Traffic control and monitoring 
by KCCA and Uganda Police

- Traffic and evacuation route 
planning

- Training of teams that can re-
spond to technological failures

City 

Crimes - Human Popu-
lation Division 

- Loss of lives 

- Loss of property

- General public vio-
lence and unrest 

Division 

- Use of police patrols 

- Dialogues and engaging vic-
tims of circumstances 

- Use of courts of law

- Imprisonment of crime pro-
moters

Division 
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Vermin 

- Human popu-
lation 

- Livestock 

- Crops

Ward
- Livestock loss

- Crop destruction 
Ward 

- Vermin destruction  

-  Using methods that scare the 
vermin

Ward

1.1.2 VISUALIZING VULNERABILITY AND RISK PROFILE

A risk profile is a description of the risks facing a given place within a given timeframe (e.g., short: 0-5 years or less, 
medium: 5-10 years, long term: 10 years or more), in terms of hazard / event scenarios, potential damage and losses, 
and the probability of occurrence. A more comprehensive risk profile may include impacts of risk, categorization of 
risks, relative priority of the risks, risk tolerance levels, linkages between different levels of risks, ways of measuring 
the risk (qualitative and quantitative), key risk areas/hotspots, risk reduction measures, capacity of the risk takers to 
do risk management, learning needs and tools, etc.

There are many techniques for profiling risk. The simplest of these are based on the statistics of past events and 
their impacts. For example, risk from flooding is normally determined based on an assumption that future floods will 
follow a pattern similar to the past. Thus, given enough data from past events, the risk can easily be determined. 
However, many natural hazards have no or limited historical-event precedents upon which we can properly assess 
the risk, particularly for rare or extreme events that can have the largest impact on society.  Ideally, risk profiling 
integrates information about past events with social models of communities, economic models and the physics of 
earth processes to estimate the probabilities and impacts of future events. Capturing the risk requires modeling the 
probability of many events and their impacts. Thus, thousands of scenarios are developed through computational 
simulations in which sophisticated computing techniques are used to capture the interaction of hazard phenomena 
with the elements at risk and their associated vulnerabilities.

There are five ways to present or visualize the risk profiles developed, i.e. table, chart, risk matrix, risk curve, and 
risk maps. Tables and charts are very popular and familiar to the most. This risk assessment for Kampala specifically 
adopted visualization and evaluation of risk profiles by using risk matrix.

1.1.2.1 RISK MATRIX
Risk matrix is a simple and most popular tool for evaluating risk and visualizing various risk profiles. The matrix gives 
a qualitative measure that permits the prioritization of risk among multiple hazards and multiple risk takers. It enables 
risk reduction planners to classify various types of hazards into different categories of priority by locating them 
on a two-dimensional grid based on their probability and loss or impacts. However, the classification of these two 
dimensions is evidence-based, as shown in Tables 4.4. 

The cells of the risk matrix can be grouped into five levels (A-E) in terms of the potential severity of a hazardous 
event and its probability within a specific time scale. For the sake of risk mapping, each risk level is assigned a color 
(red, orange, yellow, blue and green, respectively) (Figure 4.1). It should be pointed out that the definitions of risk 
classes (example of losses) may be quite different from region to region, depending on the acceptance of risk.
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Figure 4-1: Risk Matrix for Risk Profiling

Table 4-4: Classification of  risk level

RISK 
CLASS CODE COLOR 

CODE EXAMPLE OF LOSSES ACTION LEVEL

High RL2 Red 

Death or fatal injury;

-Complete shutdown of facilities 

 and critical services for more than 

 one month;

-More than 50 percent of the 

 property located in the affected area is 
severely damaged.

Immediate action - 
High risk condition 
with high priority for 
reduction & contin-
gency planning

Moderate RL3 Amber 

-Permanent disability, severe injury or

 illness;

-Complete shutdown of facilities

 and critical services for more than

 two weeks;

-More than 25 percent of the 

 property located in the affected area is 
severely damaged.  

Prompt action – 
Moderate to high-risk 
condition with risk 
addressed by reduc-
tion & contingency 
planning
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Low RL4 Green 

-Injury or illness not resulting in disability;

-Complete shutdown of facilities and 

 critical services for more than one 

 week;

-More than 10 percent of the property 

 located in the affected area is 

 Severely damaged.

Planned action – Risk 
condition sufficiently 
high to give consid-
eration for further 
reduction & contin-
gency planning

Very low RL5 Yellow

-Treatable first aid injury; 

-Complete shutdown of facilities and

 critical services for more than 

 24 hours;

-No more than 1 percent of property

 located in the affected area is 

Severely damaged.

Advisory in nature – 
Low risk condition 
with additional reduc-
tion & contingency 
planning

The classification of loss/impact severity (Table 4.4) is a dynamic socio-political process that relates to the socio-
economic situation of the area investigated. What one society considers severe may not be considered to be severe 
in another society. For example, in the densely populated areas, thousands of people affected may be considered 
to be minor in impact severity, whilst in less-populated mountainous environments or marine islands the population 
of most of the villages is seldom more than a thousand, a loss of tens of lives is considered to be disastrous.  On 
the other hand, the criteria of loss/impact severity may change over time when a society’s economic development 
or value system may change significantly. In this context, the acceptability or tolerance of risk is a dynamic socio-
political process, as well. Table 4.5 presents the Vulnerability and Risk Profile which shows the relation between 
hazard intensity (probability) and degree of damage (magnitude of impacts) depicted in the form of hazard intensity 
classes, and for each class the corresponding degree of damage (severity of impact) is given. Table 4.6 presents a 
summary of the  Hazard Risk profile for Kampala city.

Table 4-5: Vulnerability and Risk Profile for Kampala City 

 PROBABILITY
SEVERITY 

OF 
IMPACTS

 RELATIVE 
RISK  VULNERABLE AREAS 

  Relative likelihood this 
will occur

Overall Impact 
(Average)

Probability 
x Impact 
Severity

HAZARDS

1 = Low                      2 
= Medium               3 
= High           

1 = Low                      
2 = Medium               
3 = High           

A= Very high

B= High

C= Moderate    

D= Low
E= Very low

Rock falls and Soil 
erosion 2 1 D

In  Lubaga Division- Mutundwe, 
Kasubi, Namungona, Nakulabye and 
Makerere; In Kawempe Division- Kazo 
– Angol; In Makindye Division- Salama, 
Buziga, Lukuli, Luwafu, Muyenga, 
Kasanga and Bukasa; In Nakawa 
Division- Kinawata, Bukoto and Ntinda; 
In Nakawa Division- Nakasero

Earth quakes and 
faults 1 1 E Entire city 
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 PROBABILITY
SEVERITY 

OF 
IMPACTS

 RELATIVE 
RISK  VULNERABLE AREAS 

  Relative likelihood this 
will occur

Overall Impact 
(Average)

Probability 
x Impact 
Severity

HAZARDS

1 = Low                      2 
= Medium               3 
= High           

1 = Low                      
2 = Medium               
3 = High           

A= Very high

B= High

C= Moderate    

D= Low
E= Very low

Floods 3 3 A

In Makindye Division- Katwe, Salaama, 
Kasanga, Kisugu, Ggaba, Kilombe; In 
Nakawa Division - Banda, Kitintale, 
Kinawataka, KirombeBugolobi; In 
LLubaga Division- Kosovo Natete, 
Kiwunya in 

Nakulabye, Ndeeba , Mutundwe, Kasu-
bi, Lubya; In Central Division- Kisenyi, 
Kamwokya, Kagugube, Clock tower; In 
Kawempe Division - Bwaise III, Bwaise 
II, Wandegeya (Katanga), Mulago III 
and Kawempe I.

Dry spells 1 1 E

Kyanja-KCCA farm, Upper Estate in 
Nakawa Division; In Kawempe Division- 
Komamboga, Kawempe II + Kikaya; 
In Makindye Division - Ggaba, Buziga 
+ Lukuli; In LLubaga Division - Lubya, 
Mutundwe, LLubaga + Lungujja

Storms (Hail storms, 
lightening and 
strong winds)

2 2 C Entire city 

Fires 3 2 B

Nakawa Division- in Kyambogo, Banda; 
In Makindye Division- Kikubamutwe 
– Kabalagala, Salama, Ggaba and 
Nakivubo markets; In Kawempe 
Division - Kawempe I, Bwaise I, 
Makerere I and Makerere III, areas 
around Kubiri

Plant pests and 
diseases 1 1 E

Kyanja-KCCA farm, Upper Estate in 
Nakawa Division; In Kawempe Division- 
Komamboga, Kawempe II + Kikaya; 
In Makindye Division - Ggaba, Buziga 
+ Lukuli; In Lubaga Division - Lubya, 
Mutundwe, Lubaga + Lungujja 

Livestock Parasites, 
Vectors + Diseases 1 1 E

Kyanja-KCCA farm, Upper Estate, 
Industrial area in Nakawa Division; 
In Kawempe Division- Komamboga, 
Bwaise, Kawempe II + Kikaya; In 
Makindye Division - Ggaba, Buziga 
+ Lukuli; In Lubaga Division - Lubya, 
Mutundwe, Lubaga + Lungujja

Human Epidemic 
Diseases 3 2 B

Entire city  most especially in  informal 
settlement areas of  in Central, 
Kawempe, Nakawa, Makindye and 
Lubaga Divisions 

Land conflicts 2 2 C

Katwe Base Zone, Kibuye 1, 
Kanakulya-Kapeke-Nabisalu, Kikuuba 
Mutwe, Katamba-Buyinja, Nsambya-
Kevina, Katwe 1, Nsambya Gogonya 
, Salaama (Bunzaali Zone), Nyago, 
Wabigalo, Kasanga, Kisugu, Bukasa, 
Ggaba, Kilombe Lukuli, Kabalagala and 
Namuwongo.
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 PROBABILITY
SEVERITY 

OF 
IMPACTS

 RELATIVE 
RISK  VULNERABLE AREAS 

  Relative likelihood this 
will occur

Overall Impact 
(Average)

Probability 
x Impact 
Severity

HAZARDS

1 = Low                      2 
= Medium               3 
= High           

1 = Low                      
2 = Medium               
3 = High           

A= Very high

B= High

C= Moderate    

D= Low
E= Very low

Vermin 1 1 E

Kyanja-KCCA farm, Upper Estate, 
Industrial area in Nakawa Division; 
In Kawempe Division- Komamboga, 
Bwaise, Kawempe II + Kikaya; In 
Makindye Division - Ggaba, Buziga 
+ Lukuli; In Lubaga Division - Lubya, 
Mutundwe, Lubaga + Lungujja

Accidents 3 2 B

Entire city most especially along highly 
populated areas with congested narrow 
roads such as along Bombo road 
through Bwaise, Gayaza road, Northern 
bypass, Kibuye round about, Busega 
roundabout and along Jinja road and 
Entebbe roads for road accidents. 
Buildings collapse is not specific to 
particular area.

Environmental 
degradation 3 3 A

All informal settlement areas of  in 
Central, Kawempe, Nakawa, Makindye 
and Lubaga Divisions especially along 
the main drainage channels of Lubigi, 
Nakivubo and Kinawataka

Air Pollution 2 2 C
Industrial areas in all Divisions 
especially Industrial areas in Nakawa 
Division

Water Pollution 3 2 B

All informal settlement areas of  in 
Central, Kawempe, Nakawa, Makindye 
and Lubaga Divisions especially along 
the main drainage channels of Lubigi, 
Nakivubo, Bugolobi, Kinawataka Ggaba 
and Salama

Noise pollution 2 2 C

Areas around industries especially 
Industrial areas in Nakawa Division, 
Clubs and Pubs, Churches  strewn 
through the City in all Divisions

Crimes 3 2 B

Entire city  but especially areas 
surrounding informal settlement areas 
of in Central, Kawempe, Nakawa, 
Makindye and Lubaga Divisions.

* This table presents relative risk for hazards to which the Participants at the Division Headquarters attached probability and 
severity scores.

Key for Relative Risk
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Table 4-6: Hazard Risk Assessment Profile

NO HAZARD HAZARD TYPE 

KAMPALA 
CITY DIVISIONS 

Overall Risk Rat-
ing C K N M L

1 Earth Quake Geological L L L L L L

2 Soil erosion Geological M L M M M M

3 Storm Geological M L M M M M

4 Dry Spells 
C l imato log ica l 
and meteorolog-
ical 

M L M M M M

5 Flood 
C l imato log ica l 
and meteorolog-
ical

H H H H H H

6 Plant pests and diseases Ecological and 
Biological L L L L L L

7 Livestock, parasites, vec-
tors and diseases

Ecological and 
Biological L L L L L L

8 Human Epidemic Ecological and 
Biological H H H H H H

9 Vermin and Wild life attacks Ecological and 
Biological L L L L L L

10 Invasive species Ecological and 
Biological L L M L M M

11 Fires Human Induced 
or Technological H H L M M M

12 Land conflicts Human Induced 
or Technological M M M M M M

13 Environmental degradation Human Induced 
or Technological H H H H H H

14 Air pollution Human Induced 
or Technological M H M M M M

15 Water Pollution Human Induced 
or Technological H H M M H M

16 Noise pollution Human Induced 
or Technological M H M M M M

17 Crime Human Induced 
or Technological M H M M M M

18 Collapsing Buildings Human Induced 
or Technological M H M M M M

19 Road Accidents Human Induced 
or Technological M H M M M M
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Where, H- High Risk, M- Medium Risk & L – Low Risk.    C – Central Division, K – Kawempe Division, N – Nakawa 
Division, M – Makindye Division and L – Lubaga Division

1.1.3 COPING STRATEGIES

1.1.4 In response to the various hazards, participants identified a range of coping strategies that the community 
employs to adjust to, and build resilience towards the challenges. The range of coping strategies are broad and 
interactive often tackling more than one hazard at a time and the focus of the communities leans towards adaptation 
actions and processes including social and economic frameworks within which livelihood and mitigation strategies 
take place; ensuring extremes are buffered irrespective of the direction of climate change and better positioning 
themselves to better face the adverse impacts and associated effects of climate induced and technological hazards 
(Table 4.7)

TABLE 4-6: COPING STRATEGIES TO THE MULTI-HAZARDS IN KAMPALA CITY

NO HAZARD CLASS HAZARD COPING STRATEGIES 
1 Climatological or Meteoro-

logical
Floods • Instituting early warning system and fore-

casting for floods 

• Sensitization of public on garbage man-
agement and disposal

• Establishing emergency response mecha-
nisms for floods 

• Encouraging tree planting

• Undertake detailed neighborhood plan-
ning

• Wetland protection and restoration 

• Encouraging sustainable drainage sys-
tems (SUDs).

Dry Spells • Planting trees as climate modifiers

• Promoting urban agriculture and use of 
climate resilient agriculture 

• Undertaking food security vulnerability 
assessments 

• Wetland restoration and protection

Storms( Winds, 
Hailstorms and 
lightening ) 

• Plant trees as wind breakers

• Installation of lightening conductors

• Encouraging the use of storm resilient 
building designs and roof types

2 Geomorphological or Geo-
logical 

Soil erosion  and 
rock falls 

• Tree planting to reduce on water run offs

• Maintenance of drainage channel

Earth quakes • Establishment of early warning systems 
for earth quakes 

• Encouraging use of earth quake designs 
for infrastructure

• Sensitization to the public on earth 
quake management
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NO HAZARD CLASS HAZARD COPING STRATEGIES 
3 Ecological or Biological Human epidemic 

diseases 
• Mass vaccination 

• Promotion of preventive measures such 
as use of mosquito nets, condoms etc 

• Public health inspections.

• Continuous epidemiology and disease 
surveillance.

• Continuous maintenance of good sani-
tation

Plant pests and 
diseases 

• Use of pesticides

• Destruction of affected crops

• Using resistant or tolerant crop varieties 

• Sensitization on crop disease manage-
ment

Livestock Parasites, 
vectors and dis-
eases 

• Vaccination 

• Destruction and burying of  affected 
livestock

• Quarantining affected livestock 

Vermin • Vermin destruction  

• Using methods that scare the vermin

Invasive species • Sensitization on management of invasive 
species to the public

• Removal of invasive species from the 
water sources

4 Human Induced or techno-
logical 

Environmental deg-
radation 

• Sensitization of the public on wetland 
conservation 

• Enforcement of laws on wetland man-
agement 

• Restoration and protection  of wetlands

• Promotion of tree planting

Land conflicts • Community/family dialogue 

• Use of courts of law in charge of land 
issues 

• Development of conflict management 
policies at city level
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NO HAZARD CLASS HAZARD COPING STRATEGIES 
Human Induced or techno-
logical(con’d)

Accidents • Undertaking building integrity risk as-
sessments 

• Development control and enforcing ad-
herence to approved plans

• Sensitization on traffic rules 

• Traffic control and monitoring by KCCA 
and Uganda Police

• Traffic and evacuation route planning

• Training of teams that can respond to 
technological failures

Fires • Sensitization on fire management to the 
public

• Undertaking simulation exercises for fire 
in the city 

• Establishment of firefighting equipment 
e.g. hydrants and extinguishers

• Providing for alley ways for access by 
firefighting teams

• Reconstruction of markets

Human Induced or techno-
logical(cont’d) 

Air pollution • Establishment of early warning equip-
ment for air quality 

• Sensitization on air quality 

• Enforcement of regulations on emissions 

• Setting by laws  on air quality manage-
ment

• Dissemination of information on air quali-
ty to the public

Water pollution • Sensitization on water pollution to the 
public 

• Enforcement of regulations on waste 
water management 

• Setting bi- laws for water quality man-
agement 

• Water quality monitoring 

Human Induced or techno-
logical(cont’d)

Noise pollution • Sensitization on noise pollution in the 
city 

• Enforcement of regulations on noise 
pollution. 

• Setting bi- laws for noise management 

• Noise pollution monitoring in the city.

Crimes • Use of police patrols 

• Dialogues and engaging victims of cir-
cumstances 

• Use of courts of law

• Imprisonment of crime promoters
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2 GENERAL CONCLUSIONS AND RECOMMENDATIONS

Outline

Chapter 5 presents the general conclusions and recommendations. This chapter is sub-divided into 2 sections as 
follows:

1) Conclusions

2) Policy recommendations

2.1 CONCLUSIONS

The multi-hazard vulnerability and risk profile output from this assessment was a combination of participatory 
approach and spatial modeling using a number of indices for climate variability and models for assessing a number 
of hazards accordingly. A number of thematic data was used ranging from socio-ecological spatial layers such 
as DEM, Slope, Aspect, Flow Accumulation, Land use, vegetation cover, hydrology, soil types, population, roads, 
utilities,  socio-economic, health facilities, and meteorological data. 

Participatory mapping involved stakeholder engagements carried out in close collaboration with OPM’s DRM team, 
KCCA Risk Management Department and other Directorates, Departments and Divisions  aimed at identifying 
specific hazard hotspots based on historical records and testimonies from participants and indigenous knowledge. 
Focus Group Discussions (FGDs) and key informant interviews guided by checklist tools were conducted involving 
KCCA Risk Manager, Production Officer, Health Inspector, Physical Planner, Engineer, GIS officer at city level and 
Town Clerks, Division Risk Champions, Road officers, Ward Administrators, production officers, Health Inspector, 
Physical Planner and Engineers at Division level. FGDs were carried out in the five Divisions of Kampala city i.e. 
Central, Nakawa, Makindye, Lubaga and Kawempe Divisions.  Thematic data was integrated with the results from 
participatory mapping and field surveys in a GIS environment to derive hazard specific zonation maps for the city. 

The study revealed that Kampala city is prone to all the four categories of hazards i.e.

• Geomorphological or Geological hazards including soil erosion, rock falls, and earth quakes.

• Climatological or Meteorological hazards including floods, dry spells, hailstorms, winds and lightening.

• Ecological or Biological hazards including plant pests and diseases, livestock parasites, vectors and diseases, 
human epidemic diseases and invasive species.

• Human induced or Technological hazards including bush/ forest fires, infrastructure fires, technological failures/ 
accidents,  land conflicts, environmental degradation, air pollution,  water pollution , noise pollution and crimes. 

• 
Meanwhile, the vulnerability of the different assets vary across hazards with high vulnerability to floods, man-made 
fires and environmental degradation and low vulnerability to earthquake and storms. 

However, counteracting vulnerability at community, there should be a threefold effort hinged on: 

i. Reducing the impact of the hazard where possible through mitigation, prediction, warning and preparedness.

ii. Building capacities to withstand and cope with the hazards and risks.

iii. Tackling the root causes of the vulnerability such as poverty, poor governance, discrimination, inequality and 
inadequate access to resources and livelihood opportunities. 
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2.2 POLICY-RELATED RECOMMENDATIONS

The following recommended policy actions targeting vulnerability reduction include: 

i. Operationalize Disaster risk management governance structures for Kampala city to enhance review, programming and prioritization 
of disaster risk.

ii. Enhance awareness and sensitization to all stakeholders (KCCA Technical staff, Political leaders and public) on the various 
disasters/hazards.

iii. Establishment of early warning systems for the different hazards in the city.

iv. Undertake urban and detailed planning to guide developments in the city.

v. Consider public private partnerships to bring the private sector on board in implementation of DRR interventions and DRR management 
in the city.

vi. Streamline emergency planning and response including simulation exercises for various risks and disasters.

vii. Undertake contingency planning especially for all the high risks hazards.

viii. Undertake disaster loss accounting and documentation at local level.

ix. Establish city emergency coordination centre in Kampala as required by the national policy for disaster preparedness and 
management.

x. Establish equipment and systems in collaboration with other ministries, Departments and Agencies aimed at collecting data on different 
hazards and disasters.

xi. Enhance dissemination and early warning of the public on various disasters in liaison with line Ministries, Departments and Agencies.

xii. Development of disaster specific risk plans and strategies for the city.

xiii. Enforcement of policies aimed at enhancing sustainable environmental health.

xiv. KCCA to continuously upgrade and maintain road infrastructure in the city in coordination with Ministry of works and transport.

xv. Enforce regulations, protect and restore wetlands in coordination with National Environment Management Authority.

xvi. Continuously sensitize the public on appropriate solid waste management practices in the city through emphasis on sorting, re-using 
and recycling.

xvii. Continuously undertake epidemiology and disease control in liaison with Ministry of Health.

xviii. Scale up routine health inspections in the city.

xix. Prioritize the reconstruction and upgrade of markets in the city. 

xx. Through engagement with various stakeholders, KCCA handles the issue of unemployment especially among the energetic youths 
through job creation at all levels.

xxi. KCCA ensures proper planning, allocation and Licensing of petrol stations in the city in coordination with Ministry of Energy and 
Mineral development.

xxii. Enhance of development control in the city to ensure that all developers comply with the approved plans.

xxiii. Development of conflict management policies for the city. 

xxiv. Encourage greening of the city to increase carbon sinks 

xxv. Promotion of climate and disease resistant urban agriculture in the city. 

xxvi. Enhance access of public healthcare services in all Divisions by ensuring that health centers are regularly stocked with medical 
supplies and have qualified medical personnel.

xxvii. Increase household access to safe and clean water by extending tap water especially to the informal settlements in all Divisions.

xxviii. Slum upgrading to ensure that the poor can afford decent housing.
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