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ABSTRACT

Urban low-income households in informal settlements located in floodplains are highly susceptible
to natural disasters. Regardless there is lack of information on how the growth of the settlements
affects flood frequency in urban areas of Malawi. This study was carried out to assess the effect of
informal urban settlements on flood frequency along the Lingadzi River where the river passes
through urban informal settlements of Mtandire on the right bank and Area 49 Shire on the left
bank. A quantitative research design was applied, the Settlements of Mtandire and Area 49 were
purposely selected while households living around the river were randomly selected from a sample
size of 222. Data was collected through, household surveys, interviews, and the United States
Geological Survey website (USGS). Results show that housing in the settlements is mostly
characterized by single-story and standalone housing with simple architectural designs covering
small areas, constructed from low quality iron sheets, and wall material. Results have also shown
the presence of settlements in the delineated 10, 50, and 100-year flood inundation maps of
Lingadzi River covering Mtandire, Area 49, Mtsiliza and Area 47. Further, results indicate that
community perception incline towards flood occurrence changing in the area with annual flood
occurrence since 2016/17 rain season. The study concludes that construction of low-quality
housing in flood-prone zones, close to the river banks has an impact on increased level of
vulnerability to natural disasters such as flooding in the settlements. Recommendations are made
for serious investment in sensitization campaign and enforcement of existing laws and regulations

from all stakeholders and authorities involved.

Keywords: Informal settlements, Flood occurrence frequency, Floodplain, Flood mapping,

Mtandire, Area 49 Shire.
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CHAPTER 1. INTRODUCTION

1.1 Background

Informal settlements are an important supplement to the inadequate formal housing supply in cities
(Zhang et al.,2020). They are however characterized by lack of security of tenure, basic services,
city infrastructure, and compliance with planning and building regulations often situated in
geographically and environmentally hazardous areas (Malawi Government, 2019c). Residents
often have limited access to adequate housing, and basic services such as transportation, education,
and healthcare (John, 2020). In many of the world’s major cities demand for land accompanied
with Poor enforcement of urban plans meant to guide the utilization and development of land in
the cities has equated to the growth of informal settlements in non-designated, high-risk areas
including floodplains, forest reserves and river banks (Phiri, 2019; John, 2020). This has resulted
in the weakening of urban resilience to climate change, disaster risks, and shocks such as flooding
(Malawi Government, 2015b). Some of the key urban hazard risks are associated with floods,

especially for people settled in floodplains (Eldho et al., 2018).

Flooding in urban floodplains has become a priority for disaster risk prevention agencies, urban
planners, and communities residing in the flood zones (Doong et al., 2016). Floods are an essential
part of the natural process in any river system. Floodplains are flat lands located next to a river or
water body, prone to flooding in the event of over bank spill (Ndabula et al., 2012). Floodplains
play a vital role in increasing the ability of rivers to contain floods by absorbing flood and pollutant
peaks in the process minimizing the risk of flooding (Kiedrzyn“ska et al., 2014). Floodplains are
meant to be managed and delineated based on the volume of water from a 100-year flood that they
can handle (Jie and Burrows, 2021). In periods of high-water discharge in the river, they are likely

to be covered with water.



Floodplains' ability to retain water, allows them to buffer the effects of heavy rainfall in the process
protecting surrounding communities from flood damage (United States Government, 2022).
Floodplains are however very attractive for infrastructure development and agricultural activities
due to their planar morphology and water availability which has left many former natural
floodplains vulnerable to increased pressure from urban sprawl (Mazzoleni et al., 2021). The
European Environmental Agency (EEA) report of 2016 found that in 'Europe, up to 90% of
floodplains have been lost during the past centuries or are no longer able to serve as functioning
natural ecosystems providing flood risk reduction and habitats favoring a high biodiversity'. The
phenomenon has translated to the growth of flood risk zones as settlements and infrastructures are
taking the space that rivers required to temporarily store flows during periods of high flows and

floods (Bernhard et al.,2020).

The fight against these disasters and floodplain encroachment has been made easier in recent years
through the development of important tools such as flood inundation mapping and community
participation, allowing authorities and residents to properly identify floodplains and characterize
their settlements (Antony et al., 2021). It is therefore imperative that flooding impact preventive
measures depend on the identification of the flood-prone areas and their settlement dynamics
(Galligari et al., 2020). Estimation of flood extent and flood hazards is vital for the development
of flood evacuation and disaster management plans (Eldho et al., 2018). The availability of flood
inundation maps, delineating flood-prone regions is essential for safe, organized and effective
flood risk management and early warning systems in flood-prone regions (Saleem et al., 2021).
The inflow of low-complex, easy-to-access flood mapping tools in recent years has been crucial

in delineating flood-prone regions in vulnerable areas of the world (Afshari et al., 2018).



Remote Sensing has been essential in post-flood mapping in Nsanje District, Malawi in enhancing
flood risk management through the development of flood inundation maps of recorded flooding
events (Gondwe and Shukla, 2021). Hydrological Modeling employing, the HYDROSHEDS
dataset, DEM, Remote Sensing and Geographic Information System (GIS) was crucial for the
mapping of flood-prone areas along Lingadzi River downstream in Salima district, concentrating
on known flood-prone regions of the river, located in rural regions (European Commission

Humanitarian, 2012).

Information on flood occurrence and Flood mapping in informal urban settlements together with
non-traditionally known flood-prone zones in the majority of Malawian rivers remains a challenge
(Malawi Government, 2015b). The information gap makes identifying existing floodplains
challenging, especially in informal urban area where unplanned developments are taking place
whilst locals are subjected to regular flooding which never makes the headlines, relying mostly on
local knowledge to determine response to flooding (Mokkenstorm et al., 2021). Currently, related
studies have focused on rural areas, major flood-prone rivers/ zones and responses to particular
flooding events (Gondwe and Shukla, 2021). The River under this study passes through central
Malawi including informal urban areas of the capital city, Lilongwe. The rapid increase in rural-
to-urban migration for economic gains has been attributed to the growth of informal settlements
some of which are located along Lingadzi River floodplains and have been crippled by frequent

flooding in recent years (World Bank, 2016).

1.2 Problem statement
Informal settlements characterized by poor housing and infrastructure often located in the most
unsafe locations, such as floodplains are particularly susceptible to flooding disasters (Chen et al.,

2017).



The settlements building structures distinguished by poor quality construction materials remain
the cause of their vulnerable to effects of flooding (Anwana and Owojori, 2023). Settlements in
floodplains result in a reduction in the size of the floodplains leading to their failure to function
properly in the process making redundant their ability to deliver environmental services such as
flood control to the surrounding communities (Kiedrzyn’ska et al., 2014). The floodplain is no
longer able to perform regulating, cultural and provisional services such as flood protection, water
purification, nutrient collection, fertile soil formation, recreation, tourism, and a secure water
supply (EEA, 2016). Due to floodplain informal settlement along the Lingadzi River, the
surrounding communities are at risk of flood damage, water pollution, and river ecosystem damage
(Rahadiati et al., 2021; Floodlist, 2015). Flooding is mostly localized and seldom makes it to
headlines (Laisi, 2016). Currently, there is limited data on informal settlements characteristics,
flood inundation maps to demarcate floodplains and flood occurrence frequency along Lingadzi
River in Lilongwe. Studies have been carried out in other parts of the world to determine floodplain
settlements in informal settlements and flooding independently, (Forkuo et al.,2014; Fosu et al.,
2012). Henceforth this study was set to assess the impact of informal urban settlements in Lingadzi
River floodplain on flood occurrence frequency using settlements characteristics, hydrological

modelling and local knowledge.

1.3 Study objectives
The main objective of the study was to assess the effect informal urban floodplain settlements may

have on flood frequency along Lingadzi River.
Specifically, the study aimed to achieve the following objectives:

a) To assess the characteristic of informal settlements in the floodplain of Lingadzi River

in Lilongwe city.



b) To delineate the floodplain of Lingadzi river in Lilongwe city through the development

of 10, 50, and 100 years flood inundation maps.

C) To evaluate flood occurrence frequency changes in the urban floodplain of Lingadzi

River in Lilongwe city between 1990 and 2020.

1.4 Research questions
a) What is the characteristic of settlements present in the floodplain of Lingadzi River around

the study area?

b) What is the estimated 10, 50, and 100-year floodplain of Lingadzi River around the study

areas?

c) Are there changes in flood occurrence frequency in the urban floodplain of Lingadzi River

around the study area between 1990 and 2020?

1.5 Significance of the study

This study will assist Lilongwe City Assembly (LCA) in identifying characteristics of settlements
present in the urban floodplains of Lingadzi River in the process aid in flood risk and response
management in the area. Department of Disasters Management Affairs (DoDMA), LCA, and
National Water Resources Authority (NWRA) will be assisted in identifying flood-prone zones
along urban areas of Lingadzi River paving the way for better management of floodplain
settlements which in return has the potential to minimize loss of property, lives, and the ecosystem.
Socially the results will guide residents of Area 49 Shire, Mtandire and the surrounding
communities to understand the nature of the area they are living in and come up with strategies on

how to deal with the risk.



It will also encourage mindset change when constructing housing in floodplains, which must be
done under professional guidance and in line with Water Resources Regulations and acts.
Academically the findings will open doors in filling the gaps for researchers in Malawi on informal
urban settlements, flood inundation mapping and flood occurrence, at the same time identify areas

of potential further study.

1.6 Ethical consideration

Research ethical approval was sought from Mzuzu University Research Ethics Committee
(MZUNIREC). Approval and permit to conduct research were granted under protocol reference
number MZUNIREC/DOR/22/102. Consent for interviews was sought from participants with

signed consent forms. Personal data was anonymized.

1.7 Research Limitations

The following limitations were encountered while undertaking the study:
1) Some of the respondents did have enough history of the dwelling house and area.

2) It was difficult to find participants who had lived in the area for more than 35 years to

interview who would have accurate knowledge on flood occurrence in the area.



CHAPTER 2. LITERATURE REVIEW

This chapter will focus on reviewing the literature on settlement characteristics, floodplain
inundation map techniques, informal settlements, urban flooding and community perception of

flood risk.

2.1 Floodplain Development and guidelines

Floodplain is the part of a river most prone to flooding in the event of over bank spill emanating
from high-intensity rainstorm surface runoff or deliberate discharge from a reservoir (Ndabula et
al., 2012). Floodplain development requires great coordination between the community and
planners. Different countries have approached floodplain development differently. The United
States of America has developed a well-organized plan on floodplain settlement which has ensured
floodplain protection. For instance, the 2021 article 'Floodplain Management for the Local
Government Leader Critical changes to the national flood insurance program are on the horizon',
by Claire Jubb illustrates how the United States has addressed the issue of community participation
in floodplain management by shifting focus from building water control structures to encouraging
the construction of more resilient buildings in less hazardous locations while incentivizing
communities by providing a National Flood Insurance Program (NFIP) for properties developed

in floodplains.

The NFIP allows participating communities to collaborate with Federal Agency Management
(FEMA), and areas designated on Flood Insurance Rate Maps (FIRMSs) are defined. Provision of
flood insurance to those living in such locations is facilitated. The community agrees to enforce

regulations to minimize risk to any development in the designated areas.



The purchase of mandatory insurance with a federally backed mortgage is required in areas
mapped by FEMA as high risk known as Special Flood Hazard Areas (SFHA). The methodology
for assessing premium for the program is based on flood zone, time of construction relative to the
designation of the flood zone, type of construction (basement, elevated, etc.), and height above the
flood zone elevation where the structure is built. The intervention has had its challenges with
communities complaining of high insurance premiums in some cases. The strategy has however
allowed authorities to manage floodplain settlement in the process reducing disasters associated

with the risk.

The city of Cape Town in South Africa has developed floodplains management strategies through
the Floodplain and River Corridor Management Policy, (2009). The policy was aimed at protecting
floodplains and river corridors while ensuring balanced consideration of potential flood risk,
environmental impacts and socio-economic needs. It emphasizes the need for planned and well-
designed developments in line with stipulated conditions. The policy defines a floodplain as an
area susceptible to inundation by a 100-year flood. Management and coordination of the areas are
governed by fair and stringent evaluation and control guidelines. Permitted development, land use

and activities carried out in the areas must conform to the guidelines stipulations below:

A) The Obstruction of free-flow water within the 20-year flood line area is not permitted.

B) Developments or activities between the 50 and 100-year flood lines may be permitted,
under conditions dimmed acceptable by the city.

C) High-risk developments with particular evacuation or emergency response will only be

permitted above the 100-year flood line.



D) Proposed development or redevelopment within the floodplain can only be approved if
supported by report from a registered professional engineer to ensure the structure can
withstand the forces and effects of floodwaters.

E) The service of a qualified registered engineering professional is required in areas where
floodplain demarcation has not been carried out to decide on the floodplain. This is to be

conducted before any detailed planning and must be by accepted practice.

The strategies adopted by the city are simple and easy to implement, which can easily be

incorporated by cities in Malawi for effective floodplain management and development.

2.1.1 Floodplains Development in Malawi

Malawi lacks coherent strategies and guidelines on floodplain management and development,
however, the Water Resources Regulations 2018 and Water Resources Act 2013 outlines some
directions on how best water resources can be managed. Part X of the Regulations lays down rule
on how floodplains in Malawi can be managed. The Regulations defines a 100-year flood as a
‘flood that on average occurs once in every one hundred years’ and riparian land as ‘land that
occurs along watercourses or water bodies such as flood plains or river banks’; the following
strategies have been put in place by the regulations in Part X to direct floodplains management

and development in Malawi:

A) Cultivation and development activities within the 100-year flood level are prohibited or as
may be determined by the Authority.
B) The Authority may, for good reason, demarcate the riparian boundary of any water course

or body on any land from time to time, on either side of the river.



C) The authority may be requested by a riparian land owner to demarcate the riparian
boundary on his land, at the cost of the Authority.

D) The Authority shall require the land owner to place permanent recognizable beacons in
demarcating the riparian boundary at his cost at sufficient intervals to adequately represent
the line of the riparian boundary.

E) Any person who undertakes any of the proscribed activities on riparian land without
approval by the Authority commits an offence.

F) The Authority may, by an order, instruct a riparian land owner or user, at his cost, to
develop and implement a Soil and Water Conservation Plan (SWCP) containing the details
specified in the Seventeenth Schedule.

G) The Authority may, by order, instruct a riparian land owner or user, to desist from any
proscribed activity or to improve the condition of the riparian land in the interests of
meeting the water quality objectives.

H) The authority may facilitate support to a riparian land owner or user to improve the

condition of the riparian land, upon request.

Even though the regulations have laid down rules to govern floodplains, it does not give an in-

depth analysis on enforcement and implementation strategy. It also fails to outline the type of

settlements acceptable in the areas. There is however need for heavy investments in learning and

engagement with other institutions in the region on how implemented has been done.

The Water Resources Act enacted in 2013 paved the way for the 'provision for the management,

conservation, use, and control of water resources; for the acquisition and regulation of rights to

use water; and for matters connected therewith or incidental thereto'.
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The act mandated to manage water resources in the country paved the way for the establishment
of the National Water Resources Authority (NWRA) (Malawi Government, 2013). The authority
has the following powers and functionality a) to develop principles, guidelines, and procedures for
the allocation of water resources; (b) to monitor, and from time to time reassess, the National Water
Policy (NWP) and the National Water Resources Master Plan (NWRMP) (c) to receive and
determine applications for permits for water use; (d) to monitor and enforce conditions attached to
permits for water use; (e) to regulate and protect water resources quality from adverse impacts;

and finally (f) to manage and protect water catchments.

Under the act's preliminary provisions, it declares watercourses protected areas. The provision
declares that beds, banks of watercourses, lakes, and adjacent land strips are to be public land
giving the Authority powers to determine and regulate the management thereof. Cultivation and
carrying out any activity within the bed and banks of watercourses and lakes and their adjacent
land strips can only be determined by the Authority. The provisions give guidance on the use of
land adjacent to the watercourse and the channels to be followed when undertaking activities
around these areas. The Act however lacks clear guidance on floodplain management and

development as well as the provision of clear floodplain boundaries or inundation areas.

2.2 Flood occurrence frequency

2.2.1 Flood occurrence history in Malawi

Malawi's susceptibility to flooding is influenced by its geographic position and terrain, the
country's location exposes it to both tropical and subtropical weather systems, contributing to

seasonal rainfall patterns and flood risk (World bank, 2011).
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Flooding in the country occurs seasonally, primarily during the wet season, spanning from
November to April. Heavy rainfall which occurs during this period often leads to riverine and flash
floods (Mokkenstorm et al., 2021). Most flooding events in Malawi are localized and hardly make
the news headlines but still have devastating effects on communities making it difficult to quantify
flooding history (Liasi, 2016). A review of the NWRMP, (2014) chapter 3 on Water Resources
gives an insight into flooding history in some of Malawi's major water bodies. The review reveals
that ten major floods were experienced across the country between 1985 to 2010. They primarily
affected the southern region with high-frequency floods observed in Songwe River in the northern
part of the country. Several districts in the northern and southern regions were affected especially

along the lakeshore areas.

The NWRMP indicates frequent flood occurrences in the Shire, Songwe, North Rukuru Rivers,
and Lake Malawi. Flooding in the Shire River has been recorded annually, and devastating floods
in the River were recorded in 1989, 1997, 2005, and 2012. The 2012 floods had a confirmed depth
of 1 meter, the largest since 1993. The strength of flood water breached the levee located at
Osiyana Village. The devastating 1997 flood resulted in an overflow of water into the Elephant
Marsh located on the southern bank of the Shire River, washing away the railway embankment
and the S151 road at Chiromo. A new river channel flowing parallel to the original Shire River

now known as the New Shire River was created.

Further, the NWRMP established that Songwe River located in Northern Malawi records flooding
events on an annual basis lasting a few days in the rainy season. The River experiences flash
flooding from tributary convergence in its lower reaches. Regular flooding has been recorded in

North Rukuru River, Flooding occurs from runoff due to heavy rainfall.
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Historical records indicate 104 millimeters of rainfall was recorded during the April 2011 floods.
Most notable flooding events recorded in the northern region, include the 2011 and 2009 Songwe
River floods. The NWRNP discloses that the central region recorded flooding along the Lifidzi
River on March 17, 2011, due to heavy rains causing the river to overflow. 136 households (of

which 96 were female-headed) were evacuated to Naliomba Primary School in Salima District.

In recent history the 2015 nationwide floods were one of the most devastating, heavy rains led to
widespread flooding, affecting over a million people, displacing thousands, and causing numerous
fatalities (Floodlist, 2015). The March 2019 flooding caused by heavy rains affected several
districts of Malawi, displacing thousands of people and leading to loss of life and property damage
(Malawi Government, 2019a). Several studies have examined the effectiveness of disaster
preparedness and response mechanisms in Malawi however Collaboration with international
organizations and neighboring countries remain essential for mitigating flood impacts in Malawi
(ECH, 2012). The reports like most publications in Malawi concentrated on flooding history for
major rivers and known flood-prone zone, data on flooding events taking place in other rivers

remains a gap.

2.2.2 Urban flooding
Urban flooding has garnered significant attention in recent years due to the increasing frequency
and severity of flooding events in urban areas. It constitutes the flooding of land or property within
a densely constructed environment occurring quickly due to faster flow times (United States
Government, 2015). Urban flooding results from a combination of natural and anthropogenic

factors.
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These include heavy rainfall leading to higher surface runoff and river discharge rates, inadequate
drainage systems, urbanization, discharge, climate change, and encroachments on drainage areas
such as lakes, wetlands, and riverbeds (ClearlAS, 2022). Urban flooding has substantial adverse
effects on urban environments, including damage to infrastructure, disruption of daily life,
economic losses, and public health risks (Miller and Hutchins, 2017). Technology advancement in
hydrological and hydraulic modeling have been crucial in predicting and simulating urban floods,
aiding urban planners and policymakers in making informed decisions regarding flood mitigation

measures (Saleem et al., 2021).

Urban flooding in Malawi has been a recurring issue and continues to devastate communities
primarily driven by a combination of factors, including heavy rainfall, inadequate drainage
systems, and urbanization (World Bank. 2017). Urban flooding in Malawi continues to cause

substantial negative impacts on businesses and households (Munthali et al., 2020).

2.3  Malawi urban planning and profile

2.3.1 Urban demographic in Malawi

Urban Settlements can be defined as 'areas with some central place activities comprising, market,
district, sub-regional, regional and national centres’ (Malawi Government, 2019c). Results from
the 2018 population and housing census indicate that Malawi has an estimated population of
17,563,749 most of which are based in rural areas with 989,318 of the inhabitant’s dwelling in
Lilongwe, 52,948 in Area 49 and 66,574 in Mtandire (Malawi Government, 2018a). There has
been an increase in urbanization in recent years attributed to rural-urban migration leading to the

growth of urban informal settlements (World Bank, 2016).
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The census revealed that the urban population contributed to 16 percent of the national population
with an annual growth rate of 5.2 percent against an annual national growth rate of 2.9 percent.
The share of the national population residing in urban areas has progressively increased from 6.4
percent of the national population at independence in 1964 to 10.1 percent in 1987 and estimated

at 17 percent in 2018 (United Nations, 2018).

2.3.2 Urban informal settlements

United Nations Habitat iii issue Journal 22 on Informal settlements, (2015) defines informal
settlements as urban areas ranging from squatting to informal rental housing characterized by a
lack of security of tenure, basic services, city infrastructure, and compliance with stipulated
planning and building regulations, often located in high risk and hazardous areas. A review of the
Journal reveals that Informal settlements exist in urban contexts all over the world, in various
forms and typologies. Settlements are caused by a wide range of factors including population
growth, rural-urban migration, lack of affordable housing, weak governance, economic
vulnerability and underpaid work, discrimination, marginalization, and displacement caused by
conflict, natural disasters, and climate change. Settlement dwellers are likely to experience social
and economic exclusion, basic services deficits, limited access to land and property, and exposure
to climate change and natural disasters. The increase in population migrating to cities in search of
economic opportunities, has resulted to the spontaneous formation of informal settlements on the
outskirts of urban areas, providing accommodation for the increasing urban population in Malawi
(World Bank, 2016). Informal settlements in Malawi typically exhibit poor housing conditions,
with overcrowded and substandard dwellings lacking access to basic services such as clean water

and sanitation (Malawi Government, 2019c).
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Land tenure in informal settlements is often unclear, leading to issues of land ownership and
property rights, many residents lack legal recognition and security of tenure (Urban Landmark,

2013).

2.3.3 Urban floodplains in Lilongwe

Like any other modern city, Lilongwe is facing rapid urbanization with a growth rate averaging
more than 4 percent per annum (Malawi Government, 2018a). The city has not been short of
disasters over the years, ranging from accidents, floods, and fires, to environmental degradation,
and disease epidemics (United Nations, 2011). Previously not categorized as a traditional flooding
city evident by its exclusion from the 2015 Malawi Floods Emergency Recovery Project (MFREP)
report on disaster management there is a huge gap in the guiding framework from local authorities
on how to manage damages caused by the recent flooding events in the city (Malawi Government,

2015a).

The surge in informal and formal settlements in floodplain zone has not helped the situation, poor
coordination has seen the rise of settlements in undesignated areas (Malawi government, 2019c).
The growth of urban settlements in flood-prone regions poses a great risk of river flooding in
communities and requires an urgent response Handayani et al. (2020). Data on urban floodplains,

developments of floodplain and population living in Lilongwe however remains a challenge.

2.4 Floodplain inundation mapping techniques

Flood inundation mapping is a pivotal tool in the fight against flooding disasters, authorities can
use the maps to enforce settlements out of such disaster-prone areas (Antony et al., 2021). There
are tools available to aid in the development of flood inundation maps, with the advancement in

software technologies, it has become easier to delineate flood zones (Romali et al., 2018).
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Cherenzia (2010) in the write-up 'GIS and Floodplain Mapping and Analysis' describes a simple
technique that can be used to develop flood inundation maps using Geographic Information System
(GIS) and Hydrologic Engineering Centre River Analysis System (HECRAS) developed by the
U.S. Army Corps of Engineers. The use of HECRAS in floodplain hydraulic modelling is widely

popular. The program offers features that allow it to receive input data from GIS.

The methodology involves inputting a Digital Terrain Model (DEM) in GIS to generate 3-
dimensional spatial information such as the topology of an entire stream, the cross-sectional shape,
size of each stream and travel distance of flow in the main channel. This is used to generate a
hydrological model for the stream. The generated data is then exported to HECRAS for hydraulic
analysis where it is incorporated with hydrologic and hydraulic data inputs such as Manning's
roughness coefficient, contraction and expansion coefficients, and any hydraulic structures (e.g.
bridges, dams, culverts). The model is then run in HECRAS and results are exported back to GIS
where inundation mappings can be formulated. According to the publication inundated area can
be calculated by subtracting the flood surface elevation from the land surface elevation model at
each location. GIS can be used to represent and demonstrate the horizontal spread of the floodplain.
The depth of flooding can also be visualized by generating a raster data structure, which
demonstrates the relationship between the depth of inundation and spread. The advancement in

technology has allowed GIS to be a great tool in floodplain analysis and mapping.

2.4.1 Similar studies on flood occurrence and floodplains

Similar studies carried out in different parts of the world have established the influence of

floodplain encroachment in floodplains and its impact on flooding.
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A Study conducted under the title 'Urbanizing the floodplain: Global changes on imperviousness
in flood-prone areas' by Andreadis, et al., (2021), set out to study the growing concern of increasing
urban developments in floodplains, found that approximately a total of 105,657 km2 comprising
16.2% of the world's urban area was within the 100-year floodplain as of 2015. Further, the study
discovered that encroachments in urban floodplain areas with an average probability of 1/100 years
of flooding have almost doubled since 1985 (from 8.2 to 16.2%). In the United States of America,
Fuhrman Centre, (2017) reported that an 'average of 15 million people in America lived in the 100-
year floodplain between 2011-2015, representing nearly 5% of the nation's population. More than
30 million people nearly 10% of the nation's population—Ilived in the combined 100- and 500-year

floodplain during this period.

A study carried out by Ndabula et al., (2012) to map, monitor and characterize the floodplain of
the Kaduna River in the Kaduna region of Nigeria using Models found that the largest extent of
floodplain encroachment was observed in areas near the central business district (CBD) indicating
greater risk and high potential of flood damage in events of flooding. Further, the study revealed
that approximately 52.83% of urban floodplains of the river had been encroached. The
methodology approach from the research team involved a three-step analysis suggested by
(Dodson and Li, 1999) involving data collection and preparation, extraction of floodplain
boundary from the Digital Elevation Model (DEM), and floodplain encroachment mapping and
analysis. The study used ArcGIS and remote sensing to model the floodplain encroachment. The
encroachment was quantified by superimposing the delineated floodplain boundary over the
respective built-up layers, floodplain layers were overlaid over existing fragmented sub-centres
built-up layers of 1967, 1987, 1995, 2001 and 2009 respectively, and clipped out, converted to

polygons and spatial measurement of the area to estimate Encroachment extents.
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Okaka and Odhiambo (2018) carried out a study in the flood-prone informal settlements of
Mombasa Kenya to assess the perception of households to flood and health risk in the area. The
study utilized household surveys randomly sampling 390 households. The surveys were supported
by focus group discussions (FGD) and key Informants interview (KII). The study found that the

majority of settlers perceived flooding as high risk with a negative healthy impact.

2.5 Community perception of flood risk

Community perception of flood risk involves the understanding of how individuals and
communities perceive and respond to the threat of flooding. Individuals' perception of the risk can
be influenced by a combination of factors, including personal experiences, proximity to water
bodies, and socioeconomic status (Shah et al., 2022). Cultural beliefs and social networks have
also been shown to influence perceptions of flood risk, with communities’ possession strong social
ties being more resilient in the face of flooding, as they often engage in collective action and
information-sharing (Abunyewah et al., 2023). Communities trust in local authority’s ability to
manage flood risks also plays an important role. High trust level communities are more likely to
follow evacuation orders and adopt recommended flood preparedness measures (Seebeaur and
Babcicky, 2017). Higher levels of resilience communities, characterized by adaptive capacity and
social cohesion, tend to have more accurate perceptions of flood risk and are better prepared to
mitigate its impacts (Lwin et al., 2020). Improving communication strategies are essential for
improving community perceptions of flood risk, tailoring messages to the local context, providing
clear and timely information, and involving community members in decision-making can enhance
preparedness and reduce risk perception discrepancies (Botzen and Aerts 2016). Effective risk
management and reduction strategies should take into account these multifaceted perceptions to

enhance community resilience and reduce the impacts of flooding (Mehryar et al., 2022).
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CHAPTER 3. MATERIALS AND METHODS

This chapter presents materials and methods that have been used to tackle the three research

objectives.

3.1 Description of study area

This study was conducted in the floodplains of Lingadzi River at Mtandire and Area 49 Shire
informal settlements in Lilongwe, Central Malawi. Lilongwe the capital city of Malawi is located
between latitudes 9°22“S and 17°03“S and longitudes 33°40“E and 35°55“E (Gondwe et al.,
2013). The city lies at 1200 and 1400 meters above sea level on the plains of central region of
Malawi (Gondwe et al., 2018). Annual rainfall ranges between 700 and 2400 millimetre (mm),
averaging 1180 mm per annum, accompanied by temperatures averaging between 12 °C to 32°C

(Sajidu et al., 2013), (as shown in Figure 1).

The city is home to approximately 989,318 inhabitants (Malawi Government, 2018a). The city’s
economy is largely agriculture based, the majority are small-scale farmer’s dependent on rain- fed
agriculture (World Bank, 2023). The Agriculture sector in Lilongwe which contribute heavily to
the economy is however limited to only a third of gross domestic product (GDP) (World Bank
Group, 2018). The countries per capita Gross National Income (GNI) was at US$320 in 2016, one
of the lowest in the world. Income growth per capita growth was estimated at an average of 1.5

percent between 1995 and 2014, (World bank, 2017).

Lingadzi River, 1290km long flows at 1024 meters above sea level and falls within the Linthipe

River and Dwangwa River Water Resources Areas (Malawi Government, 2014).
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The perennial river spreads across several districts in Central Malawi (Liasi, 2016) and passes
through Lilongwe urban where it has been heavily affected by rapid urbanization along its banks
(Halle and Burgess, 2006), (as shown in Figure 1). The emerging settlement of Area 49 located in
Lilongwe is characterized by both formal and informal settlements. The settlement has an
estimated population of 52,948 (Malawi Government, 2018a). It was initially designated as a
traditional high-density location (United Nations, 2011). Area 49 has some corners of the residence
lying along the Lingadzi River. Settlements close to the river have been affected by flooding events
during the rainy season causing devastating effects to residents. The high-density settlement of
Mtandire is characterized by unplanned informal housing some of which are located close to the

banks of the Lingadzi River.
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Figure 1: Map of study Area
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The settlement is home to about 66,574 inhabitants (Malawi Government, 2018a). Settlement is
characterized by housing located close to one another, constructed without guidelines from

authorities. This fast-growing settlement is a hub for urban informal settlements in Lilongwe.

3.1.1 Study Area Selection Rational
The Study areas were selected for fitting into the narrative of an informal settlement present in a

floodplain.

3.2 Study Design
The research was carried out using quantitative research methods. Quantitative data was obtained

and analyzed to answer the three research questions.

3.2.1 Sampling and Sample Size

Sampling Methods

Sampling was utilized to determine the number of interviews and household surveys to be
conducted. Two-stage cluster sampling was employed firstly, purposively selecting the informal
urban settlements of Mtandire and Areas 49 Shire located along Lingadzi. After selecting the two
settlements participants living close to the river were then selected randomly. Data was collected
from a combined total sample size of 222 households and local respondents comprising of 145 in

Mtandire due to its higher population and 77 in Area 49.
Sample size

The formula used for known population size (Daniel, 1999) was utilized to determine the size of

surveys and interviews conducted with residents.

22



n= N*X
T (X+N-1),

n = sample size 222 local settlers and housing structure

N = population Size

X =Zo/22 *p*(1-p) | MOE,

Z = The critical value of the Normal distribution at a/2
MOE = The margin of error
P = The sample proportion

Sample size has been calculated with assumptions as shown in Table 1. Data has been collected

from a total sample size of 222 local residents and households.

Table 1: Sample size calculation

Study area Population of study Area  No. of respondents with 9 % non-respondents

Mtandire 66,574 145
Area 49 52,948 77
Total 119,522 222

3.2.2 Data collection and management instruments

Data was collected on 14th and 15 December 2022 with the help of enumerators upon receiving
clearance from MZUNIREC. To characterize the informal settlements, housing and surrounding
characteristics data such as access to basic facilities, wall and roofing material, structure age and

land tenure was collected using a structured questionnaire.
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To delineate the floodplain of Lingadzi River, a Digital Elevation Model (DEM) collected from

the USGS website was used to produce flood inundation maps including inundation boundary,

depth, flow, water surface elevation and velocity. Data was collected by firstly visiting the website

https://earthexplorer.usgs.gov/, followed by the following steps:

=

Defining the Search Area.

Selecting STRM Data Sets.

Customizing Search Area by adjust additional filters such as data range, cloud cover, and
data format.

Searching Data to see if datasets match criteria.

Previewing Data by clicking dataset to preview it on the map.

Adding Data to Cart by clicking "Add to Cart™ button.

Accessing cart by clicking the cart icon at the top-right of the page.

Reviewing and downloading: select download options (e.g., format, projection), click
"Download" to start the download process.

Downloading Data: system generated a download link allowing download of DEM data

to computer.

Data on Flooding intensity and frequency, Space covered by flood waters and the number of

flooded days was collected through unstructured questionnaires to determine flood occurrence

frequency changes, Table 2 has more detail.
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Table 2: Methodology Matrix

Objective Research Data Type Data Collection Tools Research Variables Data Analysis Data Analysis Tools
Method Method
To assess the Quantitative Primary data Household surveys a) Access to basic Building quality Descriptive statistics/

characteristic of informal
settlements in floodplain

of Lingadzi River in
Lilongwe city.
To delineate the

floodplain of Lingadzi
river in Lilongwe city
through development of
10, 50- and 100-years
flood inundation maps.

To evaluate flood
occurrence frequency
changes in urban

floodplain of Lingadzi
river in Lilongwe city.

Quantitative

Quantitative

Secondary Data
(DEM)

United States Geological
Survey (USGS) website

Primary Data Household Interviews.

a) Local residents.

facilities.

b) Wall & roofing
material.

¢) Structure age.
d) Land tenure.

a) Inundation
Boundary

b) Depth and
velocity

¢) Water surface
Elevation

a) Flooding intensity

and frequency.

b) Space covered by
flood waters

C) property damage
d) No. flooded days

rating scale (Zhang
et al., 2020)

Floodplain analysis
(Dodson and Li,
1999)

Indigenous
knowledge flood
occurrence analysis
(Kihupi et al.,
2002).

Frequency analysis
using SPSS and Excel

Inundation mapping
using

RAS Mapper
HECRAS 3.2.1

Descriptive statistics/
Frequency & crosstabs
analysis using SPSS and
Excel
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3.3 Data analysis methods

3.3.1 Field survey data
Surveys involved quick assessment of buildings randomly in Mtandire and Area 49 Shire. In total,
145 residents were assessed in Mtandire and 77 residents in Area 49 Shire. A modified scoring
criterion as presented in Table 3 adapted from Zhang et al. (2020) was utilized to analyze the
collected data. The collected data was checked for quality control, inputted and analyzed in
Statistical Package for Social Sciences (SPSS) (IBM® SPSS ® Statistics version 23) and plotted

in Excel. The data was analyzed using descriptive statistics specifically frequency.

Table 3: Building quality rating scale adapted from Zhang et al., (2020)

Evaluating Indicator Observation Score

30% and below have access to roads, water, electricity or

toilet/latrine 1
30-70% have access to roads, water, electricity or toilet/latrine 3
70% and above have access to roads, water, electricity or

toilet/latrine 5
30% and below are concrete, ceramic tile, or high quality iron sheet 1
30-70% are concrete, ceramic tile, or high quality iron sheet 3

70% and above are concrete, ceramic tile, or high quality iron sheet 5

30% and below are permanent materials such as bricks or cement 1
Wall materials 30-70% are permanent materials such as bricks or cement 3

70% and above are permanent materials such as bricks or cement 5
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Interviews with locals of Mtandire and Area 49 Shire

Interviews were carried out with local residents using an unstructured questionnaire. The
respondents were identified in each house that participated in quick assessments composed of the
same total sample size of 222 encompassing 145 residents in Mtandire and 77 residents in Area
49 Shire. Data was processed through Indigenous knowledge flood occurrence analysis (Kihupi et
al., 2002), using residents' perceptions and experiences of flood occurrence in the area. Descriptive
statistics specifically frequency and cross-tabulations in SPSS (IBM® SPSS ® Statistics version

23) and Excel was employed to analyze and illustrate findings.

3.3.2 Hydrological and Hydraulic modelling
The HECRAS and River Analysis System Mapper (RASMapper) models were used to produce
flood inundation maps. HECRAS software is a river modelling tool capable of performing one-
dimensional steady flow, and one and two-dimensional unsteady flow calculations. RASMapper
is a GIS interface within HECRAS for creating river geometry and visualizing results. The
modelling involved extracting DEM for Lilongwe from USGS website, study area DEM was
extracted then catchment for Lingadzi river was delineated. The extracted DEM was then loaded
into RASMapper to Create 1D river geometry encompassing river center line, river banks, flow
path, and cross section and assigning manning’s value. The next stage involved geometry data
import and processing in HECRAS model. A 1D steady flow analysis was carried out in HECRAS
Model which involved inputting steady flow data, boundary conditions and 1D flow plan, lastly

the model was run and results viewed as shown in Figure 2.
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Figure 2: Flood modelling flow diagram.

The HEC-RAS model has been preferred for its easy access as open-source software and its easy-
to-use interface. The model required input data comprising DEM, Manning's coefficient, flow data
and boundary conditions to perform hydrological and hydraulic modelling. Flow data was
calculated using the Rational method for peak flood estimation as illustrated by (Krishnamurthy,
1987). A methodology on Floodplain analysis as presented by (Dodson and Li, 1999) has been

utilized, the three-step include;
1. Data collection and preparation (DEM data).
2. Model creation and execution (RASMapper and HECRAS).
3. Floodplain mapping (RASMapper and GIS).

Flood inundation map development involved 11 steps as illustrated;

1. Create new project.
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Before building the HECRAS model, a new project was created by selecting the File, then New
Project menu item on the main RAS interface, a file name was assigned, all project files will begin

with the file name.

2. Create base project data using RASMapper.

RASMapper was used to create the geometry for the HECRAS model, to create this,

the RASMapper button in the main RAS interface was clicked.

3. Set coordinate system for the project

The coordinate system was projected to WGS84, a projection file was downloaded together with
DEM (esri PRJ file.) The projection was used to project any data brought into RASMapper. This
includes terrain data and land cover data when new datasets or background data such as shape files

and web imagery were created.

4. Create new RAS Terrain.

During this stage RASMapper effectively imported the terrain data (it creates a copy from the input
dataset) based on the specified parameters. During the import process, the data was rounded,
converted, tiled (for zoom levels), and re-projected (if necessary) to the coordinate system
specified. A new file was created on disk, a terrain.hdf file containing information RASMapper
uses to manage the terrain data. A terrain.vrt file that can be used to visualize the terrain data in
other programs, and a Terrain.tif for the data that was imported (multiple .tif files will be created
if the user specified multiple inputs). The Terrain.hdf file was then loaded into RASMapper for

visualization and use and appeared as shown in Figure 3.
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Figure 3: Create new RAS Terrain

5. Create 1D geometry

The first step in creating any steady or unsteady model is to create 1D geometry. The geometry
is used to get an understanding of the river system. It involves creating the river system, bank

lines, flow path lines and cross-sections, as shown in Figure 4.
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Figure 4: Creating of river geometry in RAS mapper
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6. Import created geometry data from RAS Mapper to HECRAS.

The created | D geometry data in RAS Mapper was imported to HECRAS for analysis, as

shown in Figure 5.
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Figure 5: Imported river geometric data.

7. Create 1D steady flow data in HECRAS

To create 1D steady flow data in HECRAS, flow data for the range of flows for profiles 10-year,
50-year and 100-year were created. Process involved entering a downstream boundary condition,

as shown in figure 6.
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Figure 6: Creating 1D data in HECRAS

8. Create 1D Steady Flow Plan.

Next stage involved creating a Steady Flow plan using initial geometry and steady flow data.

River Reach RS 10 year | 50 year
1|Lingadzi Upper 675656 202,82 301.09 341.87
2| Limgadzi Lower 2169 119.61 201.76 236.51
3| Limgadzi Lower 1251 119.61 201.76 236.51
4| Mtandire Reach 1 34038 41.61 49.67 52.68
5| Mtsiriza Upper 3500 83.21 99.33 105.36
& | Mtsiriza 41.61 49.67

Once a plan was created, the model was ready to compute hydraulic analysis.

9. Run the model.

Model was run in HECRAS according to information inputted as shown in Figure 7.
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10. View results

flood maps were viewed in RAS Mapper; they can be exported to GIS to create maps as shown in

Figure 8.
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Figure 8: Flood inundation mapping results

3.3.3 Quality control and reliability of results
To ensure that results were accurate and controlled, enumerators were given lunch breaks and
pocket money. DEM Data was sourced from the USGS website which is a liable platform for data
acquisition. Outputs from the analysed data for the three research questions has been presented in

chapter four.
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CHAPTER 4. RESULTS

This chapter presents results from analyzed data and is organized according to the research
objectives. Firstly, the results of characterization of informal settlements, secondly delineation of

floodplains, and lastly flood occurrence frequency.

4.1  Characteristics of informal settlements in floodplain of Lingadzi River at

Area 49 Shire and Mtandire in Lilongwe City
The results indicate that overall over 70 percent of the settlements have access to basic facilities
such as assess to roads, water, electricity and sanitation facilities, giving the settlements a rating
of 5 on the rating scale according to Zhang et al., (2020). Even though most of the housing was
constructed with iron sheets, overall less than 30 percent had high quality roofing material giving
the settlements a score of 1 on the rating scale. Overall over 70 percent of households had
permanent bricks or cement as building materials giving them a score of 5 on the rating scale, as

shown in table 4.

Table 4: Settlement rating scale score

Evaluating Indicator Observation Overall Score

70% and above have access to roads, water,
Basic facilitates
electricity or toilet/latrine. 5

30% and below are concrete, ceramic tile, or high
Roofing materials
quality iron sheet. 1

70% and above are permanent materials such as

Wall materials
bricks or cement. 5

34



The settlements are characterized by lack of access to quality and improved basic services expected
in urban settlements. However, Area 49 Shire has mixed housing characteristics, including formal
housing with modern architectural designs, distinctive boundaries, good roofing and wall material
while others are informal without distinctive boundaries and roads network. Some houses were
under construction as shown in Figure 9. Mtandire is dominated by single-story, semi-detached
and standalone housing with simple architectural designs covering small areas. Houses have no
distinct boundary and are located close to one another with poor unpaved road network, low quality

iron sheets and compromised wall material as shown in Figure, 10.

4.1.1 Population characteristics of Area 49 and Mtandire
There was a marginal difference in the age of respondents between those below and above the age
of 35, considering Malawi has a young population. This was helpful because the respondents had
some kind of knowledge of what has been happening in the locations in terms of flooding history.
The majority of respondents were female with a larger portion coming from Mtandire, as shown

in Table 5.

Figure 10: Area 49 housing characteristic Figurel0: Mtandire housing characteristic
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Table 5: Study area demographics

Percentage (%0)

Characteristic Description (n=222)
Male 29.7

Gender of respondents Female 70
Below 35 50.5

Age of respondents 35 and above 49.5

4.1.2 Structure Age of Area 49 Shire and Mtandire

Area 49 structure Age

Area 49 Shire is a new growing settlement evidenced by no records of houses constructed between
1990 and 2000. The majority of the housing in the area was constructed between 2010 and 2020
representing 84.5 percent, houses constructed between 2000 and 2010 represent 15.6 percent

details are as shown in Figure 11. Noticeable some houses were still under construction in the area.

Mtandire structure age

Mtandire had 9.7 percent of households built between 1990 and 2000. The majority of the houses
in the settlements were constructed between 2010 and 2020 representing 57.2 percent of

households. Houses constructed between 2000 and 2010 represented 33.1 percent, details are as

shown in Figure 12.
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Figure 11: Age of surveyed structures in Figure 12: Age of surveyed structures in
Area 49 Shire Mtandire

4.1.3 Land Tenure at Area 49 Shire and Mtandire
Land acquisition in the study area was mainly under customary land tenure sold with the aid of a
traditional leader. In recent years with the coming in of the government, some of the land has been
integrated into the government system at a cost to the land owner. A composition of 51.9 Percent
in Area 49 Shire and 6.2 percent in Mtandire belong to this category. The land is now under
government entities such as LCA, Ministry of Lands and Housing as well as Malawi Housing
Cooperation. Customary tenure constitutes 48.1 percent in Area 49 Shire and 93.8 percent in

Mtandire as shown in figures 13 and 14.
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Figure 13: Area 49 Shire land tenure Figure 14: Mtandire land tenure

4.1.4 Settlement Access to basic facilities
The majority of the dwelling homes in the two settlements have some kind of access to basic
facilities. The challenge transpires from the quality and condition of the facilitates, most of which
was constructed from low quality materials, without expertise and constitutes inadequate
sanitation. Some of the houses in Area 49 Shire are still under construction and are occupied by
individuals who are guarding the houses. The houses lack connection to Lilongwe Water Board
(LWB) water supply and Electricity Supply Corporation of Malawi (ESCOM) electricity supply,

this has translated to the dependence on wells for water supply.

4.1.5 Access to road at Area 49 Shire and Mtandire
Results indicate 93.5 percent of the houses in Area 49 Shire have access to road network compared
to 75.9 percent in Mtandire. The settlements in Mtandire were found to have had access to some
kind of road network with unpaved surface. The road infrastructure is however not in desirable
condition, not clearly defined, accessed mostly by foot and marred by potholes. Respondents
corresponding to 6.5 percent in Area 49 Shire did not have direct access to a road network

compared to 24.1 percent in Mtandire details are illustrated in Figures 15 and 16.
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Figure 15: Access to road in Area 49 Shire Figure 16: Access to road Mtandire

4.1.6 Access to water at Area 49 Shire and Mtandire
A total of 70.1 percent in Area 49 Shire and 53.7 percent in Mtandire admitted to having some
kind of access to a potable water supply system through LWB either directly into the dwelling
home or from a kiosk as well as from borehole. Some of the kiosks have broken taps, some are in
good conditions, however they are open at particular hours only and settlers can only draw water
during those hours. Most of the boreholes are privately own and managed by owners. On the other
hand, 29.9 percent in Area 49 Shire and 46.3 percent in Mtandire admitted to not having access to
portable water supply mostly depending on water directly from the stream or open wells, as shown

in Figures 17 and 18.
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Figure 17: Access to water in Area 49 Shire ~ Figure 18: Access to water in Mtandire

4.1.7 Access to electricity at Area 49 Shire and Mtandire
Access to electricity comprised 62.3 percent of households in Area 49 Shire compared to 52.4
percent in Mtandire. The power supply was either through ESCOM or individual solar
connections. Respondents comprising of 37.7 percent in Area 49 Shire and 47.6 percent in

Mtandire admitted to not having access to electricity directly in their homes, as shown in Figures

19 and 20
Access to electricity at Area 49 Access to electricity at Mtandire
Shire 540
80.0 S 52,0
S 600 % 50.0
% 40.0 5 480
o o
$ 00 44.0
- no yes no yes
Access to electricity Access to electricity
m Electricity access percentage H Electricity access percentage

Figure 19: Access to electricity in Area 49  Figure 20: Access to electricity in Mtandire
Shire
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4.1.8 Access to sanitation facilities at Area 49 Shire and Mtandire
The majority of surveyed households translating to 89.6 percent in Area 49 Shire and 96.6 percent
in Mtandire have access to sanitation facilities in the form of pit latrines and toilets, mostly located
outside the homes. Latrines are mostly constructed by locals without proper procedure hence not
structurally sound. Settlements lacking access to sanitation facilities constituted 10.4 percent in

Area 49 Shire and 3.4 percent in Mtandire, results are shown in Figures 21 and 22 below.

Access sanitation facility at Area 49 Access to sanitation at Mtandire
Shire 1200
1000 < 1000
S 800 > 800
2 60.0 g 600
£ 5
§ 400 g 40.0
s 200 a 200
o 3.4
0o SN il o0 34
no yes no yes
Access to sanitation facility Access to sanitation facility
u Sanitation facility access percentage = Sanitation facility access percentage
Figure 21: Access to sanitation in Area 49 Figure 22: Access to sanitation in Mtandire
Shire

4.1.9 Roofing material at Area 49 Shire and Mtandire
Overall 30 percent and below of surveyed houses were constructed with high-quality iron sheets.
Roofing was mainly composed of low-quality iron sheets marred by leakages during the rainy
season. A few surveyed houses were built with grass-thatched roofing. Even though the majority
(100 percent Area 49 Shire and 95.9 percent Mtandire) of housing had iron sheet roofing. They
were considerably of low quality, grass-thatched roofing constituted 4.1 percent of households in

Mtandire as shown Figures 23 and 24.
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Figure 23: Roof material Area 49 Shire Figure 24: Roof material Mtandire

4.1.10 Wall material at Area 49 Shire and Mtandire
Burned bricks, unburned bricks and cement blocks constituted wall material in houses. A
significant percentage (81.8 in Area 49 Shire and 55.9 in Mtandire) of houses were built from
burned bricks while 14.3 percent in Area 49 Shire and 6.2 percent in Mtandire had cement blocks

as wall material. Unburned bricks represented 3.9 percent in Area 49 Shire and 37.9 in Mtandire,

as shown in Figures 25 and 26.
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Figure 25: Wall material in Area 49 Shire Figure 26: Wall material in Mtandire
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4.2 Delineation of the floodplain of Lingadzi River in Lilongwe City at Area 49
Shire and Mtandire through development of 10, 50 and 100-years flood

inundation maps.
The floodplain of Lingadzi River in the study area has been quantified through inundation
boundary showing spots where flooding may occur at different locations in the settlements, as
shown in figures 29, 32 and 35. Mtandire falls within generated inundation boundary, however
only some Parts of Area 49 are covered in the inundation boundary. Inundation boundary on the
eastern side reaches M1 road around Area 47 and Area 15. To the south it covers most parts of

Area 47, Mtandire and Mtsiliza, other parameters quantified are as follows:

a) Water surface elevation, entailing the height of floods of various magnitudes and frequencies in
the floodplains relative to a specified datum (as shown in Figures 29, 32 and 35). It indicates how
high the water is expected to rise during a flood event in the settlements. The information is
valuable for emergency planning, land use decisions, and flood risk assessments, as it helps

communities prepare for and respond to flooding events.

b) Water velocity, indicate the maximum velocity (or speed of the water) in flooding at any given
location (as shown in Figures 29, 32 and 35). It is crucial in assessing the potential risks and
impacts of the flooding in the settlements. Higher water velocities can lead to more significant
erosion, increased damage to structures, and pose greater danger to people and property. This
information can also help in making evacuation plans, determining suitable flood control

measures, and assessing the overall flood risk to a region.
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c) Water depth, illustrating maximum estimated depth at a given point during a flood with the
respective Annual Exceedance Probability (AEP) determined for 10, 50 and 100-year return
periods, it is typically measured in feet or meters above a reference point, such as ground level or
a specific benchmark, (as shown in Figures 29, 32 and 35). The depth of potential flooding
illustrates how high the water level could rise in a given area around the delineated inundation
boundary during a flood event. It is a crucial in understanding the potential impact of flooding on
the settlements, and the safety of inhabitants in the affected areas. It is vital in aiding decision

making regarding evacuation, flood protection measures, and disaster preparedness.

Inundation maps for the three return periods have been developed as shown in Figures 29, 32 and
35. The inundation maps have been overlaid with an open street map allowing the visualization of

settlements constructed in the floodplain.

4.2.1 10-year flood inundation map at Area 49 Shire and Mtandire
The inundation boundary for the 10-year flood were quantified as illustrated in Figure 29. Figures

27 and 28 describe depth and velocity statistics at different locations in the floodplain.
Water depth 10 year
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Figure 27: Distribution of water depth across the floodplain for 10-year flood
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Observations made on the map boundary indicate presence of settlements in the floodplain. The
surface water elevation ranges between 1060 and 1100 meters, the water depth between 0 and

64.82 meters, and lastly, water velocity ranges between 0 and 0.65 meters per second.
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Figure 28: Distribution of water velocity across the floodplain for 10-year flood
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Figure 29: Flood inundation map for 10-year flood
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4.2.2 50-year flood inundation map at Area 49 Shire and Mtandire
The inundation boundary for a 50-year flood was quantified as illustrated in Figure 32. Figures 30
and 31 describe depth and velocity statistics at different locations in the floodplain. The surface
water elevation ranges between 1060 and 1100 meters, the water depth between 0.04 and 64.87

meters, and lastly, water velocity ranges between 0 and 1.48 meters per second.
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Figure 30: Distribution of water depth across the floodplain for 50-year flood
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Figure 31: Distribution of water velocity across the floodplain for 50-year flood
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Figure 32: Flood inundation map for 50-year flood
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4.2.3 100-year flood inundation map at Area 49 Shire and Mtandire
The inundation boundary for a 100-year flood was quantified as illustrated in Figure 35. Figures
33 and 34 describe depth and velocity statistics at different locations in the floodplain. The surface
water elevation ranges between 1060 and 1100 meters, the water depth between 0 and 64.90

meters, and lastly, water velocity ranges between 0 and 2.40 meters per second.
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Figure 33: Distribution of water depth across the floodplain for 100-year flood
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Figure 34: Distribution of water velocity across the floodplain for 100-year flood
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4.3  Evaluation of flood occurrence frequency changes in urban floodplain of
Lingadzi River in Lilongwe city at Area 49 Shire and Mtandire

Local knowledge analysis indicates that flooding has occasionally affected the residents of
Mtandire and Area 49 Shire. The areas have been hit by two major flooding events in 1981 and
1992. According to locals flooding has however become an annual occurrence since the 2016/17
rain season. The large magnate flooding events which result in significant damage make it to the
headlines. Residents however are occasionally affected by damages to livestock, houses and roads.
Overall respondents agree that there has been an increase in flooding events, rainfall intensity,
space covered by flood waters, flooding frequency, number of flooded days and damage caused

by flooding in the areas.

Results on length of stay in the area indicate that 69.4 percent of respondents had stayed in the
area for not more than 15 years. 20.3 percent have lived in the area between 15 and 30 years. Only

10.4 percent have lived in the area for over 35 years, results are shown in Figure 36.
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Figure 36: Length of stay in study area
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4.3.1 Rainfall intensity at Area 49 Shire and Mtandire
The research revealed through local perception is that rainfall intensity in the areas has increased,

reasons given by respondents to justify the increase include:
a) In the face of heavy rainfall flooding occurs faster.
b) As flooding occurs flood waters turns to cover a larger area than in the past.

70 percent of the respondents in Area 49 Shire and 79 percent in Mtandire were in this view that
indeed rainfall intensity had increased by that it floods at a faster rate during rainfall than in the
past, 23 percent in Area 49 and 17 percent in Mtandire believed it is because the flooding turns to
cover a larger area while 6 percent in Area 49 Shire and 4 percent in Mtandire believed that rainfall
intensity has remained the same, results are as shown in Figures 37 and 38. Rainfall data from
Department of Climate Change and Meteorological Services (DCCMS) between 1985 and 2005

is not conclusive in terms of increased as shown in Figure 41.
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Figure 37: Indicators of intensity changes in ~ Figure 38: Indicators of intensity changes in
Area 49 Shire Mtandire
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4.3.2 Flooding frequency at Area 49 Shire and Mtandire
The locals indicated that flooding frequency in the study area has increased over the years, through

local knowledge, reasons justifying an increase in frequency include;
a) Seasonal flooding has been noticed to have increased in recent years.
b) Property damage has been notice to increase during the rainy season.

Historical observed climatic data however, does not indicate significant raise in rainfall patterns
in the country, there are no clear increase patterns noticeable as shown in Figure 44. World bank,
(2020) also indicated lack of significant changes in rainfall patterns in Malawi. Results as
illustrated in Figures 39 and 40 indicate show that 68.8 percent in Area 49 Shire and 75.9 percent
in Mtandire believed flooding frequency increase is justified through seasonal flooding while 31.2

percent in Area 49 Shire and 24.1 percent in Mtandire believed it can be justified through increased

property damage.
Factors indicating changes in flood Factors indicationg changes in flood
frequency at Area 49 Shire frequency at Mtandire
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Figure 39: Indicators of flood frequency Figure 40: Indicators of flood frequency
changes in Area 49 changes in Mtandire
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Monthly and seasonal rainfall totals (mm) for Chitedze Station Lilongwe (1985 to
2005)
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Figure 41: Historical rainfall data for Malawi sourced from DCCMS

54



4.3.3 Space covered by flood waters at Area 49 Shire and Mtandire
There have been changes is area covered by floodwater over the years illustrated by local
knowledge analysis. Respondents indicating increase in area covered by flood waters constitutes

67.1 percent in Area 49 Shire and 65.5 in Mtandire. Figure 42 taken in January 2023 show behavior

of flood water during rainfall in Mtandire.

Figure 42: Space covered by water in Mtandire
Some respondents believed that the area covered by flood waters has decreased over the years (5.4

percent in Area 49 Shire and 8.3 Percent in Mtandire), others believed it has remained the same
(14.4 Percent Area 49 Shire and 15.9 percent in Mtandire) and others believe that it fluctuates from
season to season (13.1 percent in Area 49 Shire and 10.3 percent in Mtandire), as shown in Figures

43 and 44.
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Figure 43: Flood water coverage analysis  Figure 44: Flood waters coverage analysis
Area 49 Mtandire

4.4.4 Property damage at Area 49 Shire and Mtandire
Respondents reported an increase in property damage due to flooding over the years. Damage on
fence, walls, roof, livestock and sometimes life has been observed during almost every rainy
season since the 2016/7 season. Even though 77.9 percent in Area 49 Shire and 75.9 percent in
Mtandire believed that there was increase in damage due to flooding in the areas others opinions
included decrease in damage (1.3 percent in Area 49 Shire and 4.8 percent in Mtandire), fluctuating
damage (15.6 percent Area in 49 and 9.7 Percent in Mtandire), no damage (3.9 percent in Area 49
Shire and 8.3 percent Mtandire) and same damage (1.3 percent in Area 49 Shire and 1.4 percent

in Mtandire), as shown in Figures 45 and 46.
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Figure 45: Changes in property damage in Area 49 Shire
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4.4.5 Number of flooded days at Area 49 Shire and Mtandire
There has been an increase in the number of flooded days during flooding events in recent years
according to local knowledge analysis. The majority of respondents agreed that the flooding turns
to take several days and that water takes longer to go back to lower levels (83.1 percent in Area 49
Shire and 75.2 percent in Mtandire). Respondents representing 1.3 percent in Area 49 Shire and
8.3 percent in Mtandire believed that the number of flooded days have decreased finally, 15.6
percent in Area 49 Shire and 16.6 percent in Mtandire believed they have remained constant,

results are shown in Figures 47 and 48.

Flooded days analysis at Area 49 Flooded days analysis at Mtandire
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Flooded days Flooded days
= Number of flooded days Percentage = Number of flooded days Percentage

Figure 47: Flooded days analysis Area 49 Figure 48: Flooded days analysis Mtandire

4.6  Conclusion

Results from the analysis in Chapter four have characterized the informal settlements and
confirmed the presence of informal settlements in floodplain of Lingadzi River, detailing the
presence of settlements in undesignated area which in turn has meant residents have been affected
by the river’s flooding during rainy season. Chapter four has presented findings from both
quantitative and qualitative analysis addressing the three research questions of the study. In-depth
discussion of the findings will be tackled in chapter five and recommendations in chapter six.
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CHAPTER 5. DISCUSSIONS

This chapter discusses results from the settlement characterization, flood inundation mapping and
flood frequency occurrence presented in chapter Four. The discussion is based on the study
conducted to address the three research questions. A comparison with other similar studies is also

illustrated.

5.1  Characteristic of informal settlements in floodplain of Lingadzi River in

Lilongwe city at Area 49 Shire and Mtandire
It has been revealed that the settlements are characterized mostly by simple, stand-alone housing
lacking facilities expected in urban society (such as distinctive boundary, paved roads, direct piped
water supply, flush toilets and quality iron sheets) most of which are in poor condition. The UN,
(2015) also confirms that informal settlements are excluded from urban opportunities and
disengaged from broader urban systems. The results also aligned with Zhang et al., (2020), who
revealed that informal settlements have become a vital supplement to the inadequate formal
housing supply in most sub-Saharan cities however, the settlements lack conformation to the
social, economic and environmental characteristics of sustainable development, this has also
confirmed by this study. A study by Sakijege et al., (2014) found that construction in informal
settlements was carried out with insufficient attention to acceptable technical practice, this study
also observed lack of technical expertise in construction of most dwelling houses and sanitation
facilities. Informal settlements are vital to the social-economic markup of most sub-Saharan cities
as backed by the reviewed literature. However, it is important to understand how the presence of
the settlements in high-risk areas such as floodplains are influencing the occurrence of flooding in

these areas. There is, therefore, a need for better policies in how these settlements are organized
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and managed so that they can conform to urban planning guidelines and have facilities indicative

of urban society which can able to withstand natural disasters.

5.1.1 Structure age at Area 49 Shire and Mtandire
With a significant percentage of housing in the settlements constructed within the last decade, the
effect has been the growth of informal settlements. The settlements have now been constructed in
places where the river normally releases water in times of high flow. Settlements have been
constructed lacking appropriate drainage structure and conformation to building regulations. The
EEA, (2016) also observed increase in the presence of settlements in floodplains in most European

cities in recent decades.

5.1.2 Land tenure at Area 49 Shire and Mtandire
Buildings were constructed on land which was acquired through customary laws without guidance
from relevant authorities. Construction of housing in urban floodplains requires guidance from
Authorities from LCA and NWRA as observed in Malawi Government, (2013). These results
concur with the Malawi Government, (2019c) through the NUP which highlighted the lack of

coordination in land acquisition in urban Area.

5.1.3 Access to basic facility at Area 49 Shire and Mtandire
Even though the settlements scored 5 on the rating scale entailing over 70 percent access to basic
facilities, the current status of the services is below acceptable levels. Although there is some
access to road network, water, electricity and sanitation in the settlements, the quality of the
services is below standards and needs to be improved. Inhabitants face challenges due to
inadequate infrastructure, impacting their daily lives. This has also been echoed in UN, (2015)

who found that informal settlements lack access to basic facilities.
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5.1.4 Access to roads at Area 49 Shire and Mtandire
The road network is mostly unpaved and in poor condition characterized by dust and potholes.
Settlers rely mostly on bicycle and foot to move from one place to another. The roads remain
underdeveloped and poorly maintained leading to difficulties in transportation, especially in rainy
season. The limited road infrastructure can impact access to essential services and economic
opportunities. These results are in line with the findings of Zhang et al., (2020), who found that

informal settlements had limited access to better services.

5.1.5 Access to water at Area 49 Shire and Mtandire
Access to clean water in the informal settlements is a significant challenge. Residents mostly rely
on communal kiosks for water supply often sourced in open buckets, located at a distance and
overcrowded at peak hours. This leads to long waiting hours, sometimes unsanitary conditions and
compromised water quality. Some houses have access to piped water systems, wells and boreholes.
However, ensuring clean water remains an ongoing challenge in the settlements. The results tally
with Visagie and Turok, (2020) who also found Lack of planning in informal settlements in most
African cities has translated to lack of infrastructure that would improve access to clean water,

sanitation and electricity.

5.1.6 Access to electricity at Area 49 Shire and Mtandire
Electricity in the settlements is sourced from either the national grid through ESCOM or through
solar power. The high cost of electrification means most households cannot afford direct
connection from the national grid. Results from Annamalai et al., (2016) also found access to

electricity in informal settlements a challenge in most African cities.
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5.1.7 Access to sanitation facility at Area 49 Shire and Mtandire
Sanitation facilities in the settlements are mostly located outside the houses, this can be a hazard,
especially at night. In some cases, residents have to share sanitation facilities which can be a health
hazard. High figure in the lack of sanitation facilities in Area 49 is attributed to the significant
number of houses still under construction. Results also coincides with John, (2020) that found that

sanitation facilities were located outside houses in the informal settlements of Tanzania.

5.1.8 Roofing material at Area 49 Shire and Mtandire
Overall less than 30 per cent of households have high-quality roofing material even though 97.3
per cent had iron sheet roofing. This according to Zhang et al., (2020) gives the settlements a low
score in terms of roofing material. The roofing was mostly characterized by low-quality iron sheets
lacking professional installation, fitted in place with rocks, marked by collusion and likely to leak
during the rainy season. The results concur with Sakijege et al., (2014) that also noticed poor
workmanship in informal housing. A minority of the housing had grass-thatched roofing which is
not aesthetically conducive to the urban setting and has a high potential for leakages at ridges,
valleys or corners. The roofing is vulnerable to damage during heavy rains and strong winds and

may easily be damaged during floods.

5.1.9 Wall material at Area 49 Shire and Mtandire
Wall material in the settlements is characterized by burned bricks and cement blocks giving the
settlements a high score on the rating scale according to Zhang et al., (2020). However, it was
observed that low-quality mortar was used to construct the walls. In some cases, mud was noticed

to have been utilized as mortar for wall construction with burned bricks.
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In addition, 26 percent of walls comprised unburned bricks. Both scenarios make the buildings
vulnerable to disasters during heavy rainfall and flooding. Poor construction technique in informal

settlements was also observed by Sakijege et al., (2014).

5.2  Flood inundation maps of Lingadzi river in Lilongwe city in Mtandire and
Area 49

The inundated area was overlaid with an open street map (as shown in Figures 29, 32 & 35) some
settlements are observed to be under the delineated inundation maps. The features under
inundation maps comprises of settlements, road infrastructure and agricultural land making the
settlements vulnerable to flooding events at any given time. Field surveys confirmed the scenario,
homes were noticed to have been constructed close to the river banks. This has been taking place
regardless of clause 3.4.17 of the NWP which states that” there shall be no agricultural and
infrastructure construction activities below the 477- meter above mean sea level contour line along
Lake Malawi and below the 100-year flood water level along rivers, except where written authority
from the responsible minister is granted ”. A similar study by Fosu et al., (2012) along the Susan
River in Ghana also revealed significant floodplain encroachment by informal settlements located

close to the river which has led to frequent flooding.

5.2.1 Inundation boundary at Area 49 Shire and Mtandire
The floodplain inundation boundary for the three return periods are shown in Figures 29, 32 & 35.
The difference between the inundation boundaries including space and ground coverage for the
three return periods cannot be noticed under the HECRAS 1D steady flow analysis. These results
are consistent with the findings of Hajibavov et al. (2017) that found similar results for 5, 10, 50
and 100-year return periods on HECRAS 1D steady flow analysis, however the study found

different results for the four return periods from a HECRAS 2D unsteady flow analysis.
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The inundation boundary was different in terms of space and ground coverage. The inundation
boundary for this study covers areas around Area 18, Area 47, Area 49, Mtandire and Mtsiliza.
The results show that there is some encroachment of the floodplain and more needs to be done to

manage the situation.

5.2.2 Water depth at Area 49 Shire and Mtandire
The water depth for the three return periods had maximum of 64.87 meters, 64.82 meters and 64.89
Meters respectively, there is a significant difference in the depth percentage spread across the
floodplain (as shown in Figure 29, 32 & 35). Water depth is significantly high in areas along the
main channel of the Lingadzi River and its tributaries. The water gently flows across the floodplain
as it lowers in depth (as shown in Figures 29, 32 & 35) covering most of the boundary. The results
are consistent with study conducted by Forkuo et al., (2014), that also found that water depth was

higher in areas along the river channel in their study.

5.2.3 Water velocity at Area 49 Shire and Mtandire
There are noticeable differences in water velocity between the three return periods with maximum
of 0.65m/s 1.48 m/s and 2.38 m/s respectively (as shown in Figures 29, 32 & 35). Higher water
velocities could be attributed to higher sloping ground while lower velocities could be attributed
to flat areas and areas further away from the main river channel and its tributaries. Areas with
higher water velocity, depth and elevation are likely to experience significant erosion, increased
damage to structures, and pose greater danger to people and property.
5.3  Flood occurrence frequency changes in urban floodplain of Lingadzi River in
Lilongwe city Area 49 Shire and Mtandire
Flood occurrence pattern has changed in Malawi affecting communities that were not traditionally
known to have been flood-prone (Malawi Government, 2019b).
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The results from this study indicate that the perception of locals is that there have been changes in
flood occurrence in the areas with noticeable changes in rainfall intensity, flooding frequency,
space covered by flood waters, property damage and number of flooded days, however data from
DCCMS does not give a clear indication on significant increase in rainfall pattern. Community
perception on increase was also echoed by Kasel et al., (2019) in Ghana, who through local
knowledge analysis found that locals felt that there were significant changes in rainfall patterns
concerning changes in precipitation, specifically about onset, quantity, intensity and distribution
with noticeable effects on the flood occurrence in their locations. While they may be arguments as
to what has caused the significant changes in flood occurrence such as rainfall changes attributed
to climate change we can also not dispute the fact that in recent years Malawi has seen the growth
of urban informal settlements in vulnerable spaces. The land use changes have affected the
occurrence of flooding in vulnerable areas which were not previously designated as flood-prone

regions.

5.3.1 Rainfall intensity at Area 49 Shire and Mtandire
The results from community perception indicates that there has been a shift in rainfall intensity in
the last decades. This is echoed by the fact that flood water turns to occupy a larger space than
before and it takes less time for flooding to occur compared to previous decades. Increased
flooding intensity has been observed on an annual basis since the 2016/7 rain season according to
the community which has been supported by various reports such as Floodlist, (2015); Davies,
(2017). Locals observe that when rainfall occurs it takes less time for the area to become flooded,
this can however also be eluded to the growth of settlements close to the river banks which have

increased surface runoff from the river as the structures significantly reduce water infiltration.
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This has resulted in the increase of peak discharge, volume and frequency of floods in the streams
(United States Government, 2015). These sentiments were also eluded by Davies, (2017), that
reported increase in flooding events in the informal settlements along Lingadzi River. Rainfall data

from DCCMS between 1985 and 2005 does not show consistent increase in rainfall pattern.

5.3.2 Flooding frequency at Area 49 Shire and Mtandire
Local knowledge revealed that community perception is that flooding frequency has increased
over the past decades. Flooding has been noticed on an annual basis since the 2016/7 season. With
floods occurring each rainy season and increased property damage. The frequency changes could
also be attributed to settlements being constructed close to the river banks which causes slight
changes in river flow to be noticed, this can be substantiated by the DCCMS data which does not

indicate significant increase in rainfall pattern.

5.3.3 Space covered by floodwaters at Area 49 Shire and Mtandire
In general, outcome was that the community perceived that space covered by flood waters has
increased over the years backed by the fact that damage from flood waters had increased, more
houses have been affected and larger space is covered by flood waters. It is evident that settlements
have increased in size but also the water seems to cover a larger distance. These results are
consistent with Kasel et al., (2019) that also found that community perception indicated changes

in space covered by flood water.

5.3.4 Property damage at Area 49 Shire and Mtandire
The community indicated that there has been an increase in the property damage due to flood
waters. Damage ranges from walls, roads, roofs, livestock and sometimes even loss of life. Settlers
close to the river banks observed more frequent damage. Davies, (2017) aslo reported damage due

to floodwatres in Lingadzi River.
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5.3.4 Number of Flooded days at Area 49 Shire and Mtandire
Results from community perception indicated an increase in the number of flooded days. It takes
longer time for the water to return to normal levels when flooding occurs. This could also be
attributed to the growth of settlements in undesignated areas with water-logged conditions. Those

staying closer to the river believed it takes longer for flood waters to clear.

67



CHAPTER 6. CONCLUSION AND RECOMMENDATION

6.1  Conclusion

The study was set to assess effects of informal urban floodplain settlements on increased flood
frequency along the Lingadzi River. On characterizing the informal settlements of Mtandire and
Area 49 Shire results found that the majority of housing in the settlements lack access to quality
and improved basic facilities (paved roads, electricity and piped water supply) expected in urban
settlements. The settlements are marked by single-story, semi-detached and standalone housing
with simple architectural designs covering small areas, roofed with low quality iron sheets and
compromised building material. The majority lacking distinct boundaries and paved road network
constructed after 2010. However, some housing in the settlements has been distinguished by
formal designs with modern architectural, electricity, distinctive boundaries and good qualify wall
as well as roofing material. The study has therefore shown that construction of low-quality housing
in flood-prone zones, close to the river banks has an impact on increased level of vulnerability to

natural disasters such as flooding.

The delineated 10, 50 and 100-year flood maps indicate the presence of settlements in floodplain.
Regions where flooding may occur at different locations can also be noticed, with areas located
close to the river and its tributaries registering high water depth. There is a slight difference
between Water depth, and water velocity for the different return periods which can be noticed on
the generated maps. The difference in inundation boundary for the different return periods is not

noticed under the computation and simulation used for this analysis.

Flood occurrence frequency in the study area has been on the increase since the 2016/17 rain

season, with flooding occurring every rainy season.
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An increase in flooding intensity, space covered by flood waters, number of flooded days and
damage caused by flood waters has been noticed over the years. Local perception indicates the
belief that flood occurrence frequency is changing in the area. It is therefore imperative that heavy
investment is made in strategic institutional and stakeholder framework towards effective
floodplain management that will allow for better management of flood-prone regions in the area

that in the end will help in the reduction of damage caused by flooding.

6.2 Recommendations
Recommendations made to stakeholders involved including planners and residents on how they

can adapt to the situation including:

A) Guidelines should be put in place to direct the type of infrastructure to be constructed in
floodplains for all new developments. New developments must be approved by authorities

before construction to ensure conformity to standards and buildings codes.

B) There is need for better enforcement strategies from the LCA and NWRA on clauses
stipulated in the 2018 Water Resources Regulation on floodplain settlements,
encroachments and building codes. Studies involving different floodplain delineation

techniques and software should be explored.

C) Development of Sensitization programs in flood-prone zones through the distribution of
maps and community awareness programs so residents are aware and knowledgeable of
the existing flood-prone zones. Flood risk mitigation strategies must be put in place in the

areas to help communities deal with annual flooding events.
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Appendix 2: Building assessment survey checklist

e
s T

MZUZU UNIVERSITY
PRIVATE BAG 201
LUWINGA

MZUZU

Household Settlement characteristics questionnaire checklist

Assessing effects of informal urban settlements in floodplains on increased frequency of

floods along Lingadzi River in Lilongwe
Program: Masters of Science in Water Resource Management
Name of the Researcher: Susan Kumwenda

Email: susankumwenda@yahoo.co.uk

Cell: 0999280911

Information obtained for the study that can be identified with respondent will remain confidential

and can only be disclosed with permission from respondent.

i.  lagree to participate in the study.

yes No

ii.  lunderstand the purpose and nature of this study and | am participating voluntarily.

yes No
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iii. | grant permission for the data generated from this interview to be used in the

researcher’s publications

No

Personal data

Gender of Respondent [k Female

Age of Respondent 0-35 yrs 35yrs above

General observation of house and surrounding

1. Access to basic facilities

yes No

Road

Electricity yes No
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Water

Latrine/ toilet

. Wall & roofing material

Iron sheet

Grass thatched

Burned Bricks

Mud bricks

Cement blocks

yes No

yes No
yes No
yes No
yes No
yes No
yes No
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Appendix 3: Area 49 building assessment survey data.

Ea Rating scale Area 49 daat extract.cav [DataSet1] - IBM 5PS5 Statistics Data Editor

) ) -

hgreement Understand Permission|  Sex e Rozd Electicity|  Water Toilet | lonShest| TP e aBrick
1 yes yes yes Msle Above 35 yes 1 yes yes yes yes no yes
yes yas yes Female  Below25  yas no yes yes yes no yes
B yas yes lzle Above 35 yes 3 no yes yes yes no yes
yes yes yes Femsle  Below35  yes yes yes yes yes no yes
yes yes yes Female  Below35  yes yes no yes yes no yes
yes yes s Femsle  Above 35 yes yes ves yes yes ne ves
yes yes yes Femele  Above35 yes ves ves yes yes no yes
yes yas yes Msle Above 35 no yes no yes yes no no
yes yas yes Female  Belows no yes no yes yes no no
0 yes yes yes Msle Above 35 yes 10 no yes yes yes no yes
1 yes yes yes Female  Below35  yes 1M yes yes yes yes no yes
12y yas yes Msle Below25  yas 12 yes yes yes yes no no
12y yas yes Female  Above 35 yas 13 no yes yes yes no yes
14 yes yes yes Msle Below35  yes 14 no no yes yes no yes
15 yes yes yes Msle Above 35 yes 16 yes yes yes yes no yes
18 yes yas yes Female  Above 35 yas no yes no yes no no
17y yas yes Female  Above 35 yas yes yes yes no yes
18 yes yes yes Femsle  Below35  yes yes yes yes yes no yes
19 yes yes yes Femsle  Below35  yes yes no yes yes no yes
20 yes yes s Femsle  Below35 yes yes ves yes yes ne ves
21 yes yes s Femsle  Below35 yes yes ves yes yes ne no
2 yes yes yes Female  Below35 yes no no yes yes no no
2 yes yas yes Female  Above 35 yas yes no yes yes no no
24 lyes yes yes Female  Above35 yes no yes yes yes no yes
yes yes yes Female  Below35  yes yes yes no yes no yes
yes yas yes Femsle  Belows no no yes yes yes no yes
yes yas yes Female  Above 35 no no yes yes yes no yes
yes yes yes Female  Above35 yes yes yes yes yes no no
yes yes yes Female  Above35 no no yes yes yes no yes
yes yas yes Female  Below25  yas yes no no yes no yes
yes yas yes Female  Below25  yas yes no yes yes no yes
yes yes yes Female  Below35  yes no yes yes yes no yes
33 yes yes yes Femsle  Below35  yes 33 yes no yes yes no yes
3y yas yes Female  Below5  yas ¥ no no yes yes no yes
3/ ves ves ves Femsle  Below35 ves 3B e ves ves ves no ves
Page1-2 SPSS Statistics Processor is ready
Q Rating scale Area 49 dast extract.sav [DataSet1] - IBM SPSS Statistics Data Editor
Next Page P{WPﬂe OIIBP%E Zpom Out
Grassthatchs G 1]l 8 Ag( 8
Electricity|  Water Toilet | IonSheet K bumedBrick ks StructureAgy 5 M 4 | Customary
1 yes yes yes yEs no yes 1 no no no yes no no
2 no yes yes yEs no yes 2 no no no yes no no
3 no yes yes Es no yes 3 no no no no es no
yes yes yes s no yes no no no no yes no
yes no yes s no yes no no no no yes s
yes yes yes s no yes no no no no yes yes
yes yes yes s no yes no no no no yes s
yes no yes s no no no s no no yes no
yes no yes s no no no s no no yes s
10 no yes yes Es no yes 10 no no no no es no
M yes yes ves yes no yes M o no no no yes ves
12 yes yes yes Es no no 12 no Es no no es no
13 no yes ves yes no yes 19 o no no no yes no
14 no no yes yes no yes 14 no no no no yes no
15 yes yes ves yes no yes 15 no no no no yes ves
18 no yes no yes no no 18 no yes no yes no yes
17 yes yes yes yes no yes 17 e ne no yes ne yes
18 yes yes yes yes no yes 18 no no no no yes yes
19 yes no yes yes no yes 19 N ne no ne yes yes
0 yes yes yes yes no yes A o ne no no yes yes
2 yes yes yes yes no ne 2% o yes no ne yes no
2 e no yes yes no no 2 o yes no no yes no
23 yes no yes yes no no [ yes no no yes no
24 e yes yes yes no yes % o ne no no yes no
25 yes yes no yes no yes % o no no no yes no
2 o yes yes yes no yes no no no yes no
7 yes yes yes no yes no no no yes no
2 yes yes yes no no yes no no yes yes
2 yes yes yes no yes no no no yes no
1) no no yes no yes no no no yes no
no yes yes no yes no no na yes no
yes yes yes no yes no no na yes yes
no yes yes no yes no no na yes yes
no yes yes no yes no no na yes yes
35 ves ves ves ves no ves 35 no no no no ves ves
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@ Rating scale Area 49 daat extract.sav [DataSet1] - IBM SPSS Statistics Data Editor — [m} *
Structureagy "y Customary| G”:’::c";a“
no no yes no no
no no ves no no
na no no yes no
na no no yes no
ne no no yes yes
ne no no yes yes
no no no yes yes
yes no no yes no
e no no yes yes
na no no yes no
no no no yes yes
yes no no yes no
na no no yes no
na no no yes no
ne no no yes yes
yes no ves ne yes
no no yes no yes no
no no no yes yes no
19 no no no no yes yes 19 no
20 no no no no yes yes 20 no
no yes no no yes no ves
no yes no no yes no yes
na yes no no yes no yes
na na no no yes no yes
25 no no no no yes ne 25 yes
26 no no no no yes ne 26 yes
27 no no no no yes ne 27 yes
28 no yes no no yes yes 28 no
29 no no no no yes no 29 yes
20 no no no no yes ne e yes
a1 no no no no yes ne a1 yes
2z no no no no yes yes a2 no
23 no no no no yes yes 23 no
24 no no no no yes yes 34 no
3B no no ne ne ves ves 3/ o =l
Page 3-4 SP3S Statistics Processor is ready i
@ Rating scale Area 49 daat extract.sav [DataSet1] - [BM 5PSS Statistics Data Editor - [m] X

[z

(Peeage | ngage zsemin] zaamou, | ose

Government|
gency

27
28
9
30

H

Agreement) Understsnd Pemmision|  Sex

Female
Female
Msle
Female
Female
Female
Mzle
Female
Mzle
Male
Male
Male
Female
Msle
Male
Female
Female
Mzle
Female
Female
Female
Female
Female
Female
Female
Female
Male
Male
Male
Msle
Male
Male

Male
Female

FEREEREEREEEEEEREETREEETREREREERERTRE
FPRERERRREEEREFREETRERETREREREERERTRE
BEREEERRIG TG EREEGRRIRERETIRIREREEER RN

Male

Age
Above 35
Abave 35
Above 35
Below 35
Below 35
Abave 35
Abave 35
Abave 35
Below 35
Below 35
Abave 35
Above 35
Abave 35
Above 35
Below 35
Above 35
Below 35
Below 35
Above 35
Below 35
Above 35
Abave 35
Below 35
Abave 35
Below 35
Below 35
Below 35
Above 35
Below 35
Above 35
Abave 35
Below 35
Abave 35
Abave 35
Below 35

BERERERR R EERFRTRTRERETRR R EREEEERTRG

Road
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£
Agreement| Understand| Pemission|  Sex Age Road Elecmicity|  Water Toilet | lronshest G'assd"m'" bumeaBrick
B/ |yes lyes yes Female  |Above35 |yes 38 yes no yes yes no lyes
E yes ves Female  |Above 35 |yes 7 no yes yes yes ne yes
yes yes yes Male Above 35 |yes no yes yes no yes
yes yes ves Female  |Below35 |yes no yes yes no no
yes yes yes Female  |Below35 |yes yes yes yes no yes
yes yes ves Female  |Above 35 |yes no yes yes yes no no
yes yes yes Male Above 35 |yes yes na yes yes na yes
yes yes yes Female  |Above 35 |yes yes yes yes yes no yes
yes yes yes Male Below 35 yes no yes yes yes no yes
yes yes yes Male Below 35 yes no yes yes yes na yes
ves ves ves Male Apcve 35 yes no ves yes yes no ves
yes yes ves Male Above 35 |yes no no yes yes no yes
yes yes yes Female  Above 35 yes yes yes yes yes na yes
ves es ves Male Apcve 35 yes ves ves no yes no na
yes yes ves Male Below35  yes yes yes yes yes ne yes
yes yes yes Female  Above 35 yes no na yes yes na yes
yes yes yes Female  |Below35 |yes yes yes yes yes no yes
yes yes ves Male Below35  yes yes yes yes yes ne ne
yes yes yes Female  |Above 35 |yes yes yes yes yes no yes
yes yes ves Female  |Below35 |yes yes yes yes yes no yes
yes yes yes Female  |Above 35 |yes yes yes yes yes na yes
yes yes yes Female  |Above 35 |yes no yes yes yes no yes
yes yes yes Femsle  |Below35 |yes no no yes yes no yes
yes yes yes Female  |Above 35 |yes yes yes yes yes na yes
ves ves ves Female  Below3s  yes ves ves yes yes no ves
yes yes ves Femsle  |Below35 |yes yes yes yes yes no yes
yes yes yes Male Below35  yes no na yes yes na yes
yes yes yes nMale Absve 35 |yes no no no yes no yes
yes yes yes Male Below35  yes yes yes yes yes na na
ves es ves Male Apcve 35 yes ves ves no yes no es
yes yes ves Male Above 35 |yes yes yes yes yes ne yes
yes yes yes Male Below35  yes yes yes yes yes na yes
yes yes yes Male Above 35 |yes no yes yes yes no yes
yes yes ves Female  |Above 35 |yes yes yes yes yes ne yes
ves ves ves Male Below35 ves 70 ves ves ves ves no ves C
Page5-6 SP3S Statistics Processor is ready |
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d PreyPage || Ong Page || Zoom In || Zgom Out
&
Electicity| Water Toilet | lronSheet C’"Sﬂ:‘m"‘ bumedBrick] Stucturhg( oy 3 cusomary
3/ yes no yes yes no yes ne no yes no
37 o yes yes yes no yes na no yes no
no yes yes no yes na no yes no
no yes yes no na na no yes no
yes yes yes no yes na no yes no
yes yes yes no na na yes na yes
no yes yes no yes na no yes yas
yes yes ves no yes na yes na yes
ves yes ves no yes ne no yes no
ves ves yes ne yes ne ne yes yes
ves ves ves no yes ne ne yes yes
no yes yes no yes na no yes yes
yes yes yes no yes na no yes no
yes no yes no na na no yes yas
yes yes yes ne yes ne ne. yes yes
no yes yes no yes na no yes no
yes yes yes no yes na no yes yes
ves ves ves no ne ne no yes yes
yes yes yes no yes na no yes yes
yes yes ves no yes ne no yes no
ves yes ves no yes ne no yes no
yes yes yes no yes na no yes no
no yes yes no yes na no yes yes
yes yes yes ne yes ne ne yes yes
yes yes yes no yes na no yes no
yes yes yes no yes na no yes no
no yes yes no yes na no yes yas
no no yes no yes na no yes yas
yes yes yes no na na no yes no
ves no ves no yes ne no yes no
yes yes yes no yes ne no yes no
ves ves ves no yes ne ne yes yes
yes yes ves no yes na no yes yes
yes yes yes no yes na yes na no
ves ves ves no ves ne ves ne no L]
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StructureAgy

if383238323233233333383238323332333F3Faz2328
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Customary|
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23

335 %

BECIEBEAH

Govemment]
gency
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-

3R EE 3T 838 8T H 383383283 82833FF TR

vemment
gency

Agreement Understang Permission Sex

Ed Female
72 Female
73 Female
74 Female
Female
Female

FTREREEG
TATRIE G
TIRTEE T

Male

TRTRIE G

Road
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%2 Rating scale Area 49 daat extract.sav [DataSet1] - IBM SPSS Statistics Data Editor

(et (65 FoGe] (Prourage] (one Page (zoomin) (zeomout] (ose)

Agreement| Understand] Pamission|  Sex Age Road Electricity| Water Toilat | honSheat| SR L e dBrick]
7T Jyes yes ves Female  |Above 35 yes T ves ves yes yes ne yes
72 lyes yes yes Femsle  |Below35 yes 72 o ne yes yes ne yes
ves ves ves Female  [Below35 yes no no yes yes no ves
yes yes ves Female  [Below35 yes ves ne no yes ne no
ves ves ves Female  |Below35 yes ves ves yes yes no ves
ves ves ves Female  |Above 35 yes ves ves no yes no ves
yes yes yes Male Above 35 yes yes yes yes yes o yes
Rating scale Area 49 daat extract.sav [DataSet1] - IBM SPSS Statistics Data Editor
(ot (st Page) [ ProvPage (onsPage (zoomin (zeom 0w (iose
Grazstharch: i
Elestrisity  Water Toiler | lionSheet| Ty T bumedBiick - 7T swuowreags Y Cusomary
7T lyes yes yes yes no yes no ne no no ves yes
72 o no ves ves no ves no ne no vas ne vas
7 o no ves ves no yes no no no o ves ves
74 lyes no no ves no no ves ne no yes ne yes
5 yes ves ves ves no yes no no no o ves no
ves ves no ves no yes no no no yes no no
yes yes yes yes no yes no o no yes o o
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StuctreAg~ 5 Customary. Gn;eer::;anl
no no yes yes no
no ves no yes no
no no yes yes no
no ves no yes ves
no no yes no yes
ne ves no no ves
no yes ne ne yes
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Appendix 4: Mtandire building assessment survey data.

2 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor

N.enPiage Prey

:One Page| | Zoomn | | Zoom out

Reting scale Miandire sav Reting scale hitandire sav
Agreement| Understand] Pamission|  Sex Age Road Electricity| Water Toilst | IonSheet G'“sd"m'" burmedBrick]

1 yes yes ves Female  |Above 35 yes 1 no ves yes yes no no
2 e ves ves Female  Below35  yes 2 no ves yes yes no ves
3 yes ves ves Male Above 35 |no 1 o no yes yes no ves
4 e ves ves Female  |below35 no 4y no yes yes no ves
5 lyes ves ves Female  |Below3s no 5 yes no yes yes no ves
6 |yes ves ves Female  |Above 35 6 yes ves yes yes no ves
7 e yes yes Femsle | Above 35 yes 7 e ves yes yes no yes
2 lyes ves ves Male Above 35 |no 5 yes no yes yes no ves
5 yes yes yes Femsls  Below3t no 5 e no yes yes no no

ves ves ves Male Above 35 [yes no ves yes yes no ves

yes yes yes Femsls  Below35  yes yes yes yes yes no yes
12 yes yes yes Male Below3s  yes 12 yes ves yes yes no no
12 e ves ves Female  |Above3s yes 2 ves yes yes no ves
14 yes yes yes Male Below3s  yes 14 o no yas yes no yes
15 yes ves ves Male Above 35 [yes 15 yes no yes yes no ves
18 yes ves ves Female  |Above3s yes & o ves no o ves no
17 yes yes ves Female  |Above35 yes 7 yes ves yes yes no yes
18 yes ves ves Female  Below35  yes 18 yes ves yes yes no ves
19 yes ves ves Female  |Below35 no 18 yes no yes yes no no
20 yes ves ves Female  Below3s no 20 yes ves yes yes no yes
21 yes ves ves Female  |Below3s no 21 yes ves yes yes no no
2 e ves ves Female  Below3s no 2 no no yes yes no no

ves ves ves Female  |Above3s no ves no yes yes no no

ves ves ves Female  |Above35 |no no ves yes yes no no

yes yes yes Femsls  Below3t  no ves ves yes yes no no

ves ves ves Female  |Below3s no no ves yes yes no no
7 yes yes yes Femsls  Above 35 no B yes yes yes no yes
28 yes yes yes Femsle  Above 35 yes 28 yes ves yes yes no no
29 yes ves ves Femsls  |Above3s no 2 no ves yes yes no ves
W0 yes yes yes Femsls  Below3: no B0 yes no yas yes no yes
3 yes ves ves Femasle  Below35 no N yes no yes yes no no
2 yes yes yes Femsls  Below3s  yes 2 o yes yas yes no no
3 yes ves ves Femasle  Below35 no B ye no no yes no no
24 ym ves ves Femasle  Below3s no 2 yes no ves yes no no

2 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor
@ Next Page: P:engge Ong Pege Zoom|n | | Zgom Qut
Rating scals Mtandire sav Rating scais Mtandire sav
Electicity|  Water Toilet | lonShest G"“‘:“’w"‘ bumedBrick - StructurzAge . o Customary.

FE3RTERBE SR GITETEIRIZVIBRENREE A3

GEREIEIER B0 S A A EEI AN N IR I A EAEI A IEACIEN
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2 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor - a X

(et (65 FoGe] (Prourage] (one Page (zoomin) (zeomout] (ose)

FRating scale hMtandire sav FRating scale htandire sav
o crreg] e — S
yes no no lyes 1 no
no ves ne yes 2 no
yes no no yes 3 no
no no yes yes 4 no
yes no no yes 5 no
ves no no yes no
7 yes no no yes 7 no
3 no no yes no £ no
5 no no yes yes 3 no
10 yes no no no 10 yes
11 ves no no yes M no
12 no no yes 12 no
13 no no yes yes 13 o
1 no no yes yes 1% no
15 no no yes yes 16 no
18 no yes no yes 16 no
7 no yes no yes 17 no
12 ves no ne yes 128 no
13 no no yes yes 18 no
20 no no yes yes 20 no
no no yes yes no
no no yes yes no
23 no no yes yes 2 no
24 no no yes yes 24 no
25 no no yes yes 2z o
26 no no yes yes 2% no
27 yes no no yes 27 |no
28 no no yes yes 2 no
29 ves no ne yes 28 no
20 no no yes yes L
a1 no no yes yes a1 no
a2 yes no no yes 32 |no
a3 no no yes yes 3 no
24 no no yes yes % no
Page3-4 SPSS Statistics Processor is readv
2 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor - a X
Rating scale Mandire sav Rating scalz Mandire sav

[Govemment] Agreement] Understand Permission|  Sex Age Rosd
gency

no 3®  yes yes yes Female  Above35 no
no 37 yes yes yes Female  Above35 no
no 38 yes yes yes Male Above 35 |no
o 38 yes yes yes Female  Below35 |no
no 40 yes ves yes Femsle  Below3s |nc
no 41 yes yes yes Female  Above35 |no
no 42 yes ves yes Male Abave3s |yes
ves ves yes Femsle  Above35 yes
no 44 yes ves yes Male Below 35 yes
yes 45 yes ves yes Male Below 35  yes
no 46 yes yes yes Male Above35 |yes
no 47 yes ves yes Male Above3s |yes
no 48 yes yes yes Female  Above35 yes
o 48 yes yes yes Male Above 35 |yes
no 50 yes ves yes Male Beiow3s  yas
no 51 yes yes yes Female  Above35 yes
no 52 yes ves yes Femsle  Below35 yes
no 52y ves yes Male Below 35  yas
na 54 yes ves yes Female  Above35 yes
ne 55 yes ves yes Femsle  Below35  yes
no 6 yes yes yes Female  Above35 yes
no 57 yes ves yes Female  Above35 yes
no 58 yes yes yes Female  Below35 yes
yes yes yes Female  Above35 yes
5 e & yes yes yes Female  Below35 yes
2% no 81 yes yes yes Female  Below35 yes
27 |ne 62 yes ves yes Male Below 35 yes
28 |no 82y ves yes Male Above 35 yes
23 e 8 yes ves yes Male Below 35 yes
0 |ne 85 yes ves yes Mele Abave3s |yes
31 e 8 yes ves yes Male Above35 |yes
2 e & yes ves yes Male Below 35  yes
3 e 88 yes yes yes Male Above 35 |yes
34 no yes yes yes Female  Above 35 lyes =
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2 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor

{Next Page| inP';xge OnePiage ZoomIn | | Zoom Out

Fating scale Mtandire.saw

Rating scaie Miandire sav

Agreement| Understand] Pamission|  Sex Age Road Electricity| Water Toilst | IonSheet G'“sd"m'" burmedBrick]
® s yes ves Female  |Above3s |no ® yes no yes yes no no
37 yes ves ves Femsle  |Above35 no 7 no ves yes yes no no
3 yes ves ves Male Above 35 |no 28 no no yes yes no ves
3 yes ves ves Female  Below3s no 3 no no yes yes no no
0 yes ves ves Female  |Below3s no 0 yes ves yes yes no ves

ves ves ves Female  |Above35 |no no ves yes yes no no
yes yes yes Male Above 25 yes ves no yes yes no yes
ves ves ves Female  |Above35 yes ves ves yes yes no ves
yes yes yes Male Below3s  yes ne yes yes yes no yes
ves ves ves Male Below3s  yes no ves yes yes no ves
& yes yes yes Male Abous 25 yes % no yes yes yes no yes
47 yes yes yes Male Above 28 yes 47 no no yes yes no yes
48 yes ves ves Female  |Above3s yes 48 yes ves yes yes no ves
48 yes yes yes Male Abous 25 yes 48 yes ves yas yes no o
50 yes ves ves Male Below3s  yes 0 yes ves yes yes no ves
51 yes ves ves Female  |Above3s yes 5 no no ves yes no ves
82 yes yes ves Female  Below35 yes 2y ves yes yes no yes
52 yes ves ves Male Below35  yes 2 ye ves yes yes no no
54 yes ves ves Female  |Above35 yes 58 yes ves yes yes no ves
55 yes ves ves Female  Below35 yes 5 ye ves yes yes no ves
56 yes ves ves Female  |Above35 yes 8 yes ves yes yes no ves
ves ves ves Female  |Above35 yes no ves yes yes no ves
58 yes ves ves Female  Below35 yes = no no yes yes no ves
59 yes ves ves Female  |Above35 yes 8 yes ves yes yes no ves
80 yes yes yes Femsle  Below3s  yes &0 yes ves yes yes no yes
81 yes ves ves Female  Below35 yes 81 yes ves yes yes no ves
82 yes yes yes Male Below3s  yes &2  no no ne yes no yes
82 yes yes yes Male Above 28 yes &2 no no no yes no yes
e yes ves ves Male Below3s  yes e yes ves yes yes no no
85 yes yes yes Male Abous 25 yes & yes ves yas yes no yes
e  yes ves ves Male Above 35 [yes & ye ves yes yes no ves
&7 yes yes yes Male Below3s  yes & yes yes yas yes no yes
6 yes ves ves Male Above 35 [yes & no ves yes yes no no
29 yes ves ves Female  |Above 35 yes e yes ves ves ves no ves
12 Rating scale Miandire.sav [DataSet2] - [BIM SPSS Statistics Data Editor
Next Page: Pn:vP;_xge Ong Pege Zoom|n | | Zgom Qut
Rating scale Mtandire say Rating scale Mandire sav
StructureAgs . . Customazny G“:’:;":"'
no yes no. no yes % no
no ves no no yes no
no yes ne ne yes no.
o yes o no yes no.
no no no ves no ves
no yes ne no yes no
no o o yes yes no
no ves o no ves no
no no o o yes no ves
no no o o ves yes no
® o no no no yes yes 8 no
) no o o yes yes 47 no
& o no no no yes no 48 yes
2 no no no no yes yes 8 o
80 o no no no yes yes 80 no
51 no no no no yes no 51 yes
2 o no no no yes yes s
82 no ves no no yes yes 2 no
) no ne ne yes yes e
8 o no no no yes yes % no
) no ne ne yes yes Bl
57 o o o o yes yes 5 no
£ no no no ves yes = no
2 no no ne ne yes yes R
& o no o o yes no 0 yes
e o no o o ves no 1 yes
2 o no no no yes yes &2 o
e o no o o yes yes & no
8 o ves no no yes yes 8 no
) no no no yes yes &  no
% o no no no yes yes % no
& o yes no no yes yes & no
& no ves no no yes yes e no
8  no no no ves no yes no
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{Next Page| inP';xge OnePiage ZoomIn | | Zoom Out

Fating scale Mtandire.saw

Rating scaie Miandire sav

G”:’::':"' Agreement| Understand| Parmission|  Sex Age Road
® o T yes ves yes Female  Above35 |yes
7 o 72 yes ves yes Femsle  Below25 yes
2 o 7B yes ves yes Female  Below35 yes
@ o 74 yes ves yes Female  Below36 yes
) 7 yes ves yes Female  Below35 yes

ves ves yes Female  Above35 yes
7 yes ves yes Male Above 25 yes
78 yes ves yes Female  Above35 yes
78 e yes yes Femsle  Abowe35  yes
80 yes ves yes Female  Above35 yes
4 yes yes yes Femsle  Abowe35  yes
a7 ves ves yes Femsle  Below2t yes
48 82 yes ves ves Female  Below3s yes
49 84 yes ves yas Femsle  Below2: yes
50 85 ye ves yes Femsle  Below25 yes
51 88 yes ves ves Female  Above3s yes
52 7 yes ves yes Female  Below26 yes
52 88 yes ves yes Femsle  Below25 yes
54 88 yes ves yes Male Below35  yes
55 0 yes ves yes Female  Below36 yes
56 ves ves yes Female  Below35 yes
ves ves yes Male Above 36 |yes
£ ves ves yes Female  Above35 yes
59 ves ves yes Female  Below35 yes
& ves ves yes Male Above 25 yes
o1 ves ves yes Female  Below35 yes
a2 yes yes yes Msle Below2s  yes
5 ves ves yes Male Above 5 o
e no R ves ves Female  Above3s yes
& no 100 yes ves yas Femsle  Below2: no
& o 101 yes ves yes Male Below 25 yes
& no 102 yes yes yas Femsle  Below2: no
e no 103 yes ves yes Femsle  Below25 yes
@ no 104 yes ves ves Male Above 36 lyes
@ Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor
MNext Page;| inP';xge OnePiage ZoomIn | | Zoom Out
Reting scale Miandire sav Reting scale hitandire sav

Agreement| Understand] Pamission|  Sex Age Road Electricity| Water Toilst | IonSheet G'“sd"m'" burmedBrick]
ves yes ves Female  |Above 35 yes T yes ves yes yes no yes
ves ves ves Female  Below35  yes 72 no no yes yes no no
ves ves ves Female  Below35 yes 7 no no yes yes no no
ves ves ves Female  Below35 yes 74 yes no yes yes no no
ves ves ves Female  Below35 yes 7 no no yes yes no ves
ves ves ves Female  |Above35 yes 78 no ves yes yes no ves
yes yes yes Male Above 25 yes 7 ne ves yes yes no no
ves ves ves Female  |Above35 yes ves no yes yes no no

yes yes yes Femsls | Above 35 yes ne yes yes yes no o

ves ves ves Female  |Above35 yes 80 no no yes yes no no

yes yes yes Femsls | Above 35 yes B yes yes yes no yes
yes yes yes Femsle  Below3t  yes 2 no ves yes yes no no
ves ves ves Female  |Below3s yes 8 yes no ves yes no ves
yes yes yes Femsls  Below35  yes 84 yes yes yas yes no yes
ves ves ves Femasle  Below35  yes 85 ye no yes yes no no
ves ves ves Female  |Above 35 yes 88 no no ves yas ) no
ves yes ves Female  Below35 yes ves ves yes yes no yes
ves ves ves Female  Below35  yes ves ves yes yes no ves
ves ves ves Male Below3s  yes no no yes yes no ves
ves ves ves Female  Below35 yes no no yes yes no no
ves ves ves Female  Below35 yes no ves yes yes no no
ves ves ves Male Above 35 [yes no no yes yes no no
ves ves ves Female  |Above35 yes no no yes yes no no
ves ves ves Female  Below35 yes no ves yes yes no ves
yes yes yes Male Above 25 yes no. no yes yes no yes
ves ves ves Female  Below35 yes no no yes yes no no
yes yes yes Male Below3s  yes no. no yes yes no yes
yes yes yes Male Above 25 |no ves ves yes yes no yes
ves ves ves Female  |Above 35 yes ves no ves yes no ves

yes yes yes Femsls  Below3: no no no yas yes no o

ves ves ves Male Below3s  yes ves ves yes yes no no

yes yes yes Femsis  Below3r no no. no yas yes no no
ves ves ves Femasle  Below35  yes ves no yes yes no no

ves ves ves Male Above 35 yes ves no ves yes no o
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2 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor

(et (65 FoGe] (Prourage] (one Page (zoomin) (zeomout] (ose)

Fating scale Mtandire.saw

Rating scaie Miandire sav

Electicity|  Water Toilet | honShest| SN L dmrick Stuctureags Ty Customary
7T Jyes yes ves ves no yes no no no ves yes
72 o no yes yes no no ves no yes ne yes
7 o no ves ves no no ves no o ves ves
74 lyes no ves ves no no ves no yes ne yes

no no ves ves no yes no no o ves ves

o ves ves ves no yes no no yes no ves

o yes yes yes no no 7 ye no no yes no yes
ves no ves ves no no 78 ves no no o ves ves
ne yes yes yes ne ne 7 ye ne no yes ne yes
no no ves ves no no 80 ves no yes o no ves
ne yes yes yes no yes no ne no yas ne yes
o yes yes yes no no no no o yes yes
83 yes noe ves ves no ves ne vas o ne vas
B4 yes yes yes yes no yee no yee o no yes
8 yes o ves ves no no ne yes o ne yes
8 o no ves ves no no ne no vas ne ves
87 lyes yes ves ves no yes ne no yes ne yes
88 |yes yes yes yes no yes ne yes no ne yes
88 o no ves ves no yes no no o ves ves
%0 o no ves ves no no ne no yes ne yes
no ves ves ves no no no no yes no ves
o no ves ves no no ne yes no ne yes
no no ves ves no no no yes o no ves
no ves ves ves no yes no no o ves ves
o no yes yes no yes no yes o no yes
no no ves ves no no no no yes no ves
ne ne yes yes no yes ne no o yes yes
yes yes yes yes no yes no no yes no yes
EE noe ves ves no ves ne vas o ne vas
100 no ne yes yes no no no no o yes yes
01 |yes yes ves ves no no ne no o ves yes
10z no ne yes yes no no no no o yes ves
103 yes o ves ves no no ne yes o ne yes
104 yes no ves ves no no no ves no no ves
8 Rating scale Mtandire.sav [DataSet?] - IBM SPSS Statistics Data Editor s
(o ({55F5ge) [Provpage. onePage (z0omin | (zeom 0w [ gtose |
Rating scale Miandire sav Feating scale Mtandire sav
Structureagy "y 5 Customary| G”:’::c";a“
no no yes yes no
no ves no yes no
no no yes yes no
no ves no yes no
no no yes yes no
no ves no yes no
no yes no yes no
no no yes yes no
no yes ne yee no
ves no no yes 80 no
no yes no yes 81 no
o no yes yes 2 no
ves no no ves 8 o
yes no no yee 82 no
ves no no yes 85 o
no ves no ves 8 o
no ves no yes no
ves no no yes no
no no yes yes no
no ves no yes no
no ves no yes no
ves no no yes no
ves no no yes no
no no yes yes no
yes no no yes no
no ves no yes no
no no yes yes no
o yes no yes no
ves no no ves no
no no yee yee no
no no yes yes no
no no yes yes no
ves no no yes no
yes o no ves no
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2 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor - a X

{Next Page| inP';xge OnePiage ZoomIn | | Zoom Out

Rating scale Mtandire say Reating scale Mandire sav -

[Govemment] Agreement] Understand Permission|  Sex Age Rosd
gency

Female  Above 35
Female  Below 35
Femsle  Abowe 35
Female  Above 35

i

Female  Above 35
Femsle  Abowe 35

L
3

Femsle  Above 35

no Male Above 25
7% o Female  Below 35
80 o Female  Above 35
81 no Female  Below 35
Female  Above 35
Male Below 25
Male Below 25
Male Below 35
Femsle  Below 35
Male Above 25

Female  Above 35
Female  Above 35
Female  Above 35
Female  Below 35
Female  Above 35

Female  Below 35
Male Above 35
Femsle  Below 35
Female  Below 35

Femsle  Above 35

FEEREREE R EERG RV R REREGRVR R I EERERT
FTEERIREE G RGERGEVERRERCRAVR AR ERGERT

TERIERERRRIGARRE R RRGEOR AT R IR R
FTEERIREEERTEAGRNEEERSRARABERIERT

male Above 35
Male Below 35
Femsle  Below 35
Femsle  Below 35
Femsle  Below 26
Femsle  Below 25
Female  above 35 =
2 Rating scale Mtandire.sav [DataSet?] - IBM SPSS Statistics Data Editor - a X
PmrP:_-xge One Piage Zoom In | | Zoom Out
Rating scale Mandire saw Rating scale Mandire sav <
Agreement| Understand| Pemission|  Sex Age Road Elecmicity|  Water Toilet | lronshest G'assd"m'" bumeaBrick
08 |yes lyes yes Female  |Above35 |yes 108 no no yes yes no no
07 |yes yes ves Female  |Below35 |yes 107 o ne yes yes ne ne
08 |yes yes yes Female  |Above 35 |yes 108 no no yes no yes no
108 |yes yes ves Female  |Above35 |no 109 yes yes yes yes no no
M0 |yes yes yes Femsle  |[Above 35 |yes 10 yes yes yes yes no yes
M1 |yes yes yes Female  |Above 35 |yes 111 yes yes yes yes na yes
M2 yes ves ves Female  Above 35 no ves ves yes no no ves
13 |yes yes ves Male Above 35 |yes no no yes no no yes
14 yes yes yes Female  Below35 yes yes yes yes yes na na
115 yes es ves Female  Above 35 no ves ves yes yes no es
18 |yes yes yes Female  |Below35 |yes yes yes yes yes no yes
M7 |yes yes ves Female  |Above 35 |yes no yes yes yes ne yes
ME |yes yes yes Male Below35 no no no yes yes no yes
18 |yes yes ves Male Below35  yes yes no yes yes no yes
120 |yes yes yes Male Below35  yes yes na yes yes na yes
121 |yes yes yes Femsle  Below35 |no yes yes yes yes no yes
ves ves ves Male Apcve 35 yes no no yes yes no ves
yes yes ves Femsle  |Aboue 35 [yes yes yes yes yes no na
yes yes yes Female  Above 35 yes yes yes yes yes na yes
ves es ves Female  Abcve 35 yes no no yes no ves na
yes yes ves Female  |Below35 |yes no ne yes yes ne ne
yes yes yes Female  Above 35 yes no na yes yes na na
yes yes yes Female  |Below35 |yes no no yes yes no no
yes yes ves Male Above 35 |yes yes no yes yes no no
yes yes yes Femsle  Below35 |yes yes na no yes yes no
yes yes yes Female  |Below35 |yes no no yes yes no no
yes yes yes Femsle  |[Above 35 |yes yes no yes yes no yes
yes yes yes male Above 35 |yes yes yes yes. yes na yes
e e yes Male Below35  yes no no yes yes no e
ves es ves Female  Below3s  yes no no yes yes ne na
yes yes ves Female  |Below35 |yes no yes yes yes ne yes
yes yes yes Female  Below35 yes yes yes yes yes na yes
yes yes yes Female  |Below35 |yes yes yes yes yes no yes
yes yes ves Female  |above35 |yes no ne yes no ne ne =
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2 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor - a X

(et (65 FoGe] (Prourage] (one Page (zoomin) (zeomout] (ose)

Rating scale Mtandire. zav Rating scale Mandire sav
Govemment Agreement| Understand| Parmission|  Sex Age Road
gency
108  |ne 141 yes yes lyes Female  Above 35  yes
107 |ne 142 yes yes yes Msle Above 35 yes
108  |no 143 yes yes yes Female  Above 35 yes
109  |ne 144 yes yes yes Male Below 35 |yes
110 |no 145 yes yes yes Female Below 35  |yes
112 no
=
3 Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor - [m] x
(ot (tzs Page] PresPage ) ong Page | (zeomn zaom ot (giose.
Rating scals Mandire sav Rating scals Mandire sav
Agreement Understand) Pemisson|  Sex Age Rozd Electicity|  Water Toilet | IronShest G'aﬂd"”"' bumzdBrick
141 yes yes yes Female  Abova 35 yes 141 yes ne yes yes ne ne
142 yes yes yes Male Above 35 yes 142 no yes yes yes ne ne
143 yes yes yes Female  Above 35 yes 143 no yes yes yes no yes
144 yes yes yes Male Below 35 yes 144 yes yes yes yes no yes
145 yes yes yes Female Below 35 yes 145 no no ves Ves nc yes
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@ Rating scale Mtandire.sav [DataSet2] - IBM SP3S Statistics Data Editor

(e (P (Pruroge [ onepage (zoomin zasmout e

Rating scale Mtandire say

Rating scale Wandire sayv

Grassthatohs i|Camentgl
Electicity|  Water Toilet | honShest| T2 =My nadBiick . T stcurengy T Y Customary
181 yes na yes yes ne ne 141 yes na no no yes yes
142 |no yes yes no no 142 yes no no yes no yes
143 |no yes yes yes no yes 143 no no no yes no yes
184 yes yes yes yes no yes 144 no no no yes no yes
145 |no no yes yes no yes 145 o no no no yes yes
TR Rating scale Mtandire.sav [DataSet2] - IBM SPSS Statistics Data Editor
e (pearase] (onepage) (zoomin) zasmou (gose
Rating scale Mandire sav Rating scale Mandire sav
G 1
SwucureAgy ) Customary °::I'C";f"
no no yes yes no
no no yes no
no ves na yes no
no ves no yes no
no no yes yes 145  no
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Appendix 5: DEM data and simulations for Lingadzi River Study Area using HECRAS

E RAS Mapper Options

Project Settings
Projection ™
General
Render Mode
Mesh Tolerances

Global Settings
General
RAS Layers
Map Surface Fill

Editing Tools

Coordinate Reference System

Projection File: |C:"\Users'\qmecda‘\Dumments'\_Suppnrt‘\Demc\GIS Data"MMC_Projection p E
Dfinition:

PROJCS["USA_Contiguous_Albers_Equal_Area_Conic_LISGS_version” GEOGCS
["GCS_Morth_American_1583" DATUM["D_MNearth_American_1583" SPHERDID
["GRS_1580" 6378137.0.258.257222101]). PRIMEM["Greenwich",0.0]. UNIT

['Degree” 0.0174532525195433]). PROJECTION[" Albers"].PARAMETER
['Falze_Easting”,0.0].PARAMETER["False_Maorthing™.0.0]. PARAMETER["Central_Meridian" .-
96 0] PARAMETER["Standard_Parallel_1" 29 5] PARAMETER

["Standard_Parallel_2" 45 5] PARAMETER["Latitude_Of_Origin”, 23.0]. UNIT
["Foot_LIS".0.30480060:96012152])

—\Warping Method
' Default Method (GDAL Warp)

 Alternate HEC-RAS Raster Warping Method

Help me find & coordinate reference system: spatislreference.org

RAS Project Units: US Customany Restore Defaults |

oK Cancel Apply h

B RAS Mapper
Fle Poject Tools Help
Selecied Layer

LO@ANK €dia BMS M@ w|wafs] | _ i 2y~

i [ Festres
Geometies
Event CondSans

Results
Map Layers
Tormaa

g0000|

A Terain =+ 3

Messagea  Views | Profie Lines] Active Features] Layer Valoes|

(193360233, 677487212 1 g = 41250
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B Ras Mupps
B Projct  Took  Hulp

o x
ROOAN K € i BHMS @ | s
0 [ ¥eataen - T\ \
[0 Ao Lt \
1) [/ Geometrica

2 1) Mundine
o ] Riveaw —
) ] Cromn Sactiern

= @I
& [ Evert Conditions
# [ Goometry
4+ ] Depth (10 yeur)
1~ ] Velocay (10 yeer)
I~ CIWSE (10 year)
1< ) Inunganen Goundary (10 yoor Value () &
L nundabon Uouncary (50 yeer Value O) @
' [ Inungabion Boundary (100 yeer Value O) @
» O
) ¥ Map Layers
[ vers mesndee coichment
D) targer aivers
() OpenSucettign
AT
& Twrrain (2)

Me3aage | Views | Protie Lines | Acbve Festures | Layer Vatues
({58272 3. BaB6295.53 1 poxel = 1443 m)

N Geometric Data - Mtandire

File Edt Options View Tables Tools GiSTools Help

- a X
Plot WS extents for Profile:
= o firos) =
4

5

S87785.55, 3454321.04
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5= Steady Flow Data - Mtandire

File Options Help
Description : I
Enter/Edit Number of Profiles (32000 max): IE Reach Boundary Conditions ... |

Locations of Flow Data Changes

River: ILingadzi

| Add Multiple... |

Reach: IUpper

ﬂ Add A Flow Change Location |

v | River 5ta.:|6756

River Reach RS 10 year | 50 year | 100 year
1|Lingadzi Upper 6736 202,82 301,09 341.87
2|Lingadzi Lower 2159 119.61 201,75 236,51
3|Lingadzi Lower 1251 119.61 201,78 236,51
4| Mtandire Reach 1 3408 41,61 43,67 52,68
5| Mtsiriza Upper 3500 833,21 93,33 105,36
B | Mtsiriza 41.61 49.67 52.68

E5 HEC-RAS Finished Computations

Write G try Information
(Layer: COMPLETE

—Steady Flow Simulation
River: Lingadzi RS: 6756
Reach: Upper Node Type:  Cross Section
Profile: 100 year

Simulation: 33

Stored Map Generation

Map:

—Computation Messages

Finished Steady Flow Simulation

Computing Stored Results Maps

Generating stored map: 'Tnundation Boundary (10 year Value_0)'
Pre-oading Data...

File 1 of 1: 0% processed

File 1 of 1: 100% processed

Processing Terrain Stitch TIN

Final Polygon Merge... (Waiting on external process)

Generating stored map: 'Inundation Boundary (50 year Value_0)'
Predoading Data...

File 1 of 1: 0% processed

File 1 of 1: 100% processed

Processing Terrain Stitch TIN

Final Polygon Merge... (Waiting on external process)

Generating stored map: 'Tnundation Boundary (100 year Value_0)'
Predoading Data...

File 1 of 1: 0% processed

File 1 of 1: 100% processed

Processing Terrain Stitch TIN

Final Polygon Merge... (Waiting on external process)

3 Maps generated for 'Mtandire.p02,hdf

Com putations Summary

Computation Task Time(hh:mm:ss)
Completing Geometry 2
Completing Event Conditions 1
|Steady Flow Computations <1
Computing Maps 8
Complete Process 15

Pause |

Make Snapshat of Results

— - -
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B3 RAS Mapper
File Project Tools Help
Selected Layer: Depth

&[] Featwes
m]

= [Vl Results

] Event Conditions
] Geometry

Depth (10 year)
] Velocity (10 year)

I WSE (10 year)

Inundation Boundary (10 year Value_0) & | ——
[ Inundation Boundary (50 year Value_0) &
[ Inundation Boundary (100 year Value_0) &
Ome1

- [v] Map Layers

[ rivers mtandire catchment

[larger rivers

[ OpenStreetifaps *

& ¥ Termains

[ Terrain (3) == u

Geometry ‘Mt-2' association was set to the first available terrain Terrain (3)"

Messages | Views | Profile Lines | Active Features| Layer Values|

[(580043.15, 846165159 1 pixel = 16.11m)
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Appendix 6: Channel velocity

Label Vel Chnl 10 ye Label Vel Chnl 50 ye Label Vel Chnl 100 year Lingadzi river channel velocities
X y X y X y
0  1.65388453 0 2.009426355 0 2.128270864 25
492.8999939 0.351289213 492.8999939 0.487149894 492.8999939  0.53621155 >
790.8999023 0.178213701 790.8999023 0.251751482 790.8999023 0.278477103
1709.199829 0.107466444 1709.199829 0.166410938 1709.199829 0.189329311 15
4453.90979 1.89E-03 4453.90979 2.81E-03 4453.90979 3.18E-03
5352.309937 1.56E-03 5352.309937 2.31E-03 5352.309937 2.62E-03 1
6038.710083 1.21E-03 6038.710083 1.79E-03 6038.710083 2.03E-03
6295.81012 2.50E-03 6295.81012 3.71E-03 6295.81012 0.004216518 0s
0
0 1000 2000 3000 4000 5000 6000 7000
Label Vel Chnl 10 ye Label Vel Chnl 50 ye Label Vel Chnl 100 year —— 10 year 50 year —— 100 year
X y X y X y
0 0.538160026 0 0.627743661 0 0.657119691
197.6000214 1.02E-04 197.6000214 1.24E-04 197.6000214 1.32E-04 Mtandire river channel velocities
604.8000336 1.70E-04 604.8000336 2.03E-04 604.8000336 2.15E-04
1924.200058 2.38E-04 1924.200058 2.84E-04 1924.200058 3.01E-04 07
2903.600143 2.75E-04 2903.600143 3.28E-04 2903.600143 3.47E-04 06
3307.20015 9.95E-04 3307.20015 1.19E-03 3307.20015 1.26E-03 05
0.4
Label Vel Chnl 10 ye Label Vel Chnl 50 ye Label Vel Chnl 100 year 03
X y X y X y 0.2
0 1.523899913 0 1.593385696 0 1.617185354 0.1
522.7999878 1.35E-02 522.7999878 1.58E-02 522.7999878 1.67E-02 0
1867.499939 1.57E-03 1867.499939 1.87E-03 1867.499939 1.98E-03 o 500 1000 1500 2000 2500 3000 3500
2635.599915 1.47E-03 2635.599915 1.75E-03 2635.599915 1.85E-03 — 10 year 50year —— 100 year
2966.399963 1.16E-03 2966.399963 1.38E-03 2966.399963 1.46E-03
3312.119965 9.44E-04 3312.119965 1.13E-03 3312.119965 1.19E-03
3397.420074 9.65E-04 3397.420074 1.15E-03 3397.420074 1.22E-03
Mtsiriza river channel velocities
1.6
14
1.2
1
0.8
0.6
04
0.2
0
0 500 1000 1500 2000 2500 3000 3500 4000
—— 10 year 50 year —— 100 year
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Appendix 7: Water surface elevation graphs

Label

Label

Label

Ground

Yy
0
492.8999939
790.8999939
1709.199982
4453.909943
5352.309967
6038.709991
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x

0
492.8999977
790.8999104
1709.199803
4453.909943
5352.310101
6038.71025
6295.810278
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Label

0
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Appendix 8: Catchment characteristics

1100

1200

11000

41.56 52.83 59.21 64.79 70.68 74.96 77.76 88.72
Mean
Annual Predicted flood (growth factors)
Region Flood q2 q10 q20 q50 100 200 500
I* 3.34.A0.51 0.9 1.94 2.35 2.88 3.27 3.68 4.21
1] 9.57.A0.45 0.9 1.92 2.32 2.83 3.21 3.62 4.14]
{1} 15.00.A0.55 0.9 1.76 2.1 2.51 2.82 3.14 3.51
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km) Length of stream (km) height at 10%[height at 85% slope Tc (hrs) Tc(min)
13.32 4.14 1051.600 1096.600 0.01449 1.011 60.65
km) Mean Annual Flood (MAF)
856.002 104.55
Central Plateux Zones
Rainfall intensity (mmh-1) for duration of
Return period (yrs) 24 6 3 1 0.5 0.25
2 2.8 8.9 15.9 41.7 66.8 85.6
5 3.5 11.5 20.8 53.0 81.5 103.8|
10 3.9 13.1 23.8 59.4 89.5 111.3
20 4.2 14.3 26.4 65.0 96.0 117.0)
50 4.7 16.0 29.6 70.9 102.9 122.6)
100 5.1 17.1 31.6 75.2 107.7 126.7|
200 5.3 18.0 33.0 78.0 111.0 130.0|
1000 6.6 21.0 38.0 89.0 124.0 144.0|
Proportion Weighted
Description Value (%) Value
Vegetation/ Land use (C1) Thick bush 0.05 4.2 0.002
Cultivated land 0.20 65.9 0.132
Built-Up Area 0.32 29.9 0.096
Soil type and drainage
(C2)
Krishnamurt
Deep well drained soil* 0.10 100 0.100 hy (1987)
Slope (C3) Very flat or gentle (<5%) 0.05 100 0.050
Total Runoff Coefficient, C=C1+C2+C3 0.38
Built Up, Urban / Built Up, Nd 29.9
CULTIVATED DAMBO 6.4
Forest Plantation 4.2
RAINFED HERBACEOQOUS Ci 23.1
RAINFED HERBACEOUS Ci 35.7
Deep,well drained,dark browr] 100
0-2 (flat to almos 100
0] 1103
57.03839659 1103
178.0351076 1104
386.2692014 1101
493.216195 1098
638.6361436 1097
752.7129368 1094
915.297382 1096
1016.127975 1094
1116.958567 1091
1221.319448 1091
1325.680329 1091
1500.469514 1087
1604.280963 1086
1708.092412 1086
1852.283685 1084
1989.428118 1081
2066.218409 1079
2185.735629 1077
2292.682623 1075
2417.199219 1076
2566.073805 1072
2665.954637 1074
2765.83547 1072
2944.08046 1069
3122.894923 1064
3294.30693 1063
3454.529248 1058
3577.194959 1055
3665.385709 1055
3771.377799 1054
3864.065194 1052
3945.357416 1052
4073.693809 1050
4139.427313 1051
4139.427313 1051
4139.427313 1051

H
H
) S




0. Js Q1o O2o Oso G100 G200 G000
0.38 58.41 74.24 83.21 91.06 99.33 105.36 109.28 124.70
29.21 41.61 45.53 49.67 52.68 54.64 62.35
94.09 202.82 245.68 301.09 341.87 384.73 440.14
35.68 119.61 154.62 201.76 236.51 275.45 315.44
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Appendix 9: flood occurrence frequency questionnaires

=
R g

MZUZU UNIVERSITY
PRIVATE BAG 201
LUWINGA

MZUZU

Household survey questionnaire

Assessing effects of informal urban settlements in floodplains on increased frequency of

floods along Lingadzi river in Lilongwe
Program: Masters of Science in Water Resource Management
Name of the Researcher: Susan Kumwenda

Email: susankumwenda@yahoo.co.uk

Cell: 0999280911

Information obtained for the study that can be identified with respondent will remain confidential

and can only be disclosed with permission from respondent.

iv. | agree to participate in the study.
yes No

v.  lunderstand the purpose and nature of this study and | am participating voluntarily.
yes No
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vi. | grant permission for the data generated from this interview to be used in the

researcher’s publications

Personal data

Sex of Respondent Male
Age of Respondent 0-35 yrs

Length of residency in  [WRASY

the area 30yrs

Female
35yrs above
15-30yrs

1. Has there been an increase in Flooding intensity in the past ten years compared to

previous decades? if yes explain.

above

2. Have there been changes in flooding frequency in the past ten years compared to previous

decades? if yes explain.




3. How many flooding events occurred between 1990 and 2020 and which years?

4. Have there been changes in Space covered by flood waters in the past ten years compared

to previous decades? if yes explain.

5. Have there been changes in infrastructure damage and losses due to flooding in the past

ten years compared to previous decades? if yes explain.
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6. Have there been changes in number of flooded days in the past ten years compared to

previous decades? if yes explain
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Appendix 10: Area 49 flood frequency results
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Appendix 11: Mtandire flood frequency results
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