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EXECUTVGUMMARY

Climate changés challenginghe livelihoods of theresidents of theinformal settlements in
Nairobi The direct impacts of climate change include loss of human lives, physical injuries
to humans, loss of property and assets, disruption and loss of normal livelihoods,
permanent or temporary displacement, increased incidences and outbreaks of disaades
damageto infrastructure.and its impacts are enhanced by the high dengdpulation,poor

or lack of urban plannindocation, socio-political marginalization and elusion poverty,

and unstable social network§his occurs against the backdrop adck of capacities of
national agencies, county government and vulnerable communities to effectively develop
coping mechanisms and strategies on adaptation and disastenranagement.

The overall objective dhe study was'to contribute to the body of knowledge on climate
OKIFy3S AY DbIFIANRBOAQA AYyF2NXIE aSddaftSySyida Iyl
change adaptation strategies that have worked elsewhere arshte avareness that
informs policy”". An extensive literature review was undertaken and covered the biophysical
and socieeconomic factors that underlie vulnerability to climate change driven flooding
events with particular reference to informal settlemis. Field surveys to identify the
biophysical and socioeconomic factors that contribute to vulnerability to flooding were
conducted in the three informal settlements from %40 18" December 2015 and focused

on the riparian residents of those settlementThis work was supported by climate risk and
GIS analyseSeveral policy, planning, and regulatory documents were reviewed with a view
to pointing out the gaps and opportunities that they provide for climate resilience building
in informal settlements wh particular reference to those in Nairobi. Media reports on
flooding impacts in the informal settlements were sourced from the Nation Media Group
archives, covering the period 1985 to 2015.

This study found that there is a very high population deralityng the stretches of the rivers
running through the three slums, and that this is one primary reason why flood impacts are
severe within the slums. Significant extreme events of rainfall have been found in the four
stations that best capture the rainfadituation within the three slums in this studyhey

show that flooding occurs mainly during the two rainy seasons, and tend to be associated
with extreme and short duratiomainfall events as well the ElI Nino Southern Oscillation
(ENSO) related raingdooding rotspot areasand villages have been identified and all these
occur on the eastern sides of the three settlements. However, somechoratic factors act
singly or in concert to increase the vulnerability of the slum residents to flooding impacts,
and these include settlements in ecologically fragile areas such as riparian reserves, steep
slopes, and former quarrying fields. Flooding is generally attributed to poor drainage and
poor solid waste management where these act in concert to impede wkterand affects
residents' mobility and access to services, as well as their health. The respondents indicated
that their vulnerability is accentuated by other factors such as: lack of access to essential
sanitation and water services and lack of adeguand safe infrastructure including bridges.
There are many projects being implemented by both governmental andgoeernmental
agencies within the slum areas, with a view to improving their living conditions and
livelihoods, but to a large extent theyeanot coordinated (no inteagency collaboration),
duplicate efforts, do not spread the benefits equitably, and some have stalled. The majority
of the respondents were not aware of County Government and NGO projects that were



being undertaken to mitigateldod impacts, and this information suggests that measures
being undertaken by the County Government and NGOs are not reaching most of the
residents and that projects need to be better coordinated and that strategies need to be
devised to have a more equiike distribution of projects and their associated benefits.
Some of the national policy framework and the county agenda have very rich strategies and
programmes laid out to benefit the poor in informal settlements, while others are quite
deficient. A numbe of challenges were noted and relate to: flood protection, disaster
management, waste management, WASH, access to potable water, inadequate health
facilities, and poor housing.

The following are the recommended adaptation actions, which should be implemented with
careful consideration of possible unintended negative impacts, or maladaptation, for which
strategies should be in place beforehand on how to circumvent them: (1) leocakmate
proofed housing; (2) Implement an effective flood early warning system, (3) Construct
appropriate climateproofed infrastructure; (4) Facilitate cooperative and integrated actions
between government agencies, NGOs and affected communities;tr@)ggen existing
institutions to manage and respond to disasters; (6) Strengthen existing policy and
regulatory framework for disaster management and upgrading programmes for informal
settlements; (7) Design and implement an education and awarenessgasitegy on risk
reduction; and (8) Implement nestructural adaptation options along with the agoing

focus on structural adaptation measurés.order to effectively implement these adaptation
options, there is need to identify and plan how to deaithwany potential negative
outcomes to avoid maladaptation. Data is needed to support these activities and to
measure their performance and so should also underpin a strong monitoring and evaluation
system. Downscaled future climate scenarios are requioedetter impact assessments to
guide both structural and nostructural interventions. Collaborative agreements which
clearly identify roles and responsibilities can be instituted by government agencies in order
to circumvent the existing duplication amaVverlapping of mandates which may take a long
time to correct and consequently delay actions that are needed today. NGOs can similarly
come together, through collaborative agreements, to ensure that their efforts have a wider
reach and that benefits are one equitably spread within the informal settlements. The
media should be involved in disaster risk reduction efforts. All organisations and agencies
working within the informal settlements should fully involve the residents, through their
representativessuch as political and religious leaders, CBOs and other groupings that also
represent the youth, women and other vulnerable groups, in the planning and decision
making process to improve the conditions in the slums. Finadlsickpoverty reduction and
sudainable development goalshould beaddressedn all implemented projects as these

will support the building of resilience to potentially adverse climate change impacts
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1. INTRODUCTIOAND TERMS OF REFERENCE

1.1 Background

Global warming is already altering the world's climate. Its impacts arénfell sectors and
regions of socigy through changes in temperature and precipitation as well as through
changes in the frequency and intensity of climate extremes. Adverse impacts of climate
change will negatively affect progress toward development imuanber of key areas
including agriculture and food security, water resources, coastal zones, public health,
climaterelated disaster risk management and natural resources management. National
planning must take these impacts into account.

Climate chang is challenginghe livelihoods of the poor throughout Kenya, including in
Nairobi County. There is generally a low knowledge and awareness on climate change and
its effects.Theimpacts of climate change in Kenya include reduced availability of andsacces
to water causing rationing during droughtStudies indicate that vulnerability to climate
change in informal settlements in Nairobi is enhanced by: increasing populaioan, or

lack of urban planningocation, socio-political marginalization and exdion; andpoverty

and unstable social network®©wuor, 2010)The direct impacts of climate change include
loss of human lives, physical injuries to humans, loss of property and assets, disruption and
loss of normal livelihoods, permanent or temporaryplisE&ement, increased incidences and
outbreaks of watetborne, vectorborne, rodentborne and infectious diseases and damage
and destruction of infrastructure.

Lack of capacities of national agencies, county government and vulnerable communities to
effectively develop coping mechanisms and strategies on adaptation and disaster risk
management; lack of tools and systems to enable appropriate planning and implementation

of climate change adaptation; and a general lack of information on technological adaptatio

and sustainable development options is common in KeAgaptation to climate change is a
complementary strategy to mitigation to manage effectively climate change risks and must

be placed within the context of a country's sustainable development. Thexethrough

this study, Maji na Ufanisi contributeto the body of knowledge on climate change in

bl ANROAQA AYTF2NXNIf & SpiotidingRkRAGwedgathat infdRns golidyJ2 NI dzy
on climate change and adaptation in informal settlement areas.

1.2 Objectives of the Study
1.2.1 Overall Objective

The overall objective adhe study was'to contribute to the body of knowledge on climate
OKIFy3aS AY DbFANROAQA AYyTF2NXIE aSGdtSYSyida Iyl
change adaptation strategies that have worked elsewhere and create awareness that
informs policy".
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1.2.2 SpecifidObjectives

Thestudyobjectiveswere as follows

1.

> w

Identify the Climate Change indicators in Nairobi. Undertake a contextual analysis of
Climate Change trends in Nairobi, identifying the challenges for implementing
different adaptation actions currently ding undertaken and opportunities for
climate resilience, with a focus on the livelihood of the poor.

. Stocktake existing information, including analysis of the climate related impacts as

well as main barriers impeding implementation of immediate adaptastrategies

and measures.

Highlight adaptation opportunities and alternatives.

Currentvulnerability assessmentcharacterization of current climate conditions and
natural hazardsimpact of climate change in Nairobi County, including impact
considerations in National and County Integrated Development Plans and Policies
including comprehensive description of the main roles, regulatory issues, policies,
actors and planning processes relating to Nai@bunty.

These willjnter alia, include:

1.

NogakwdN

Assessing current vulnerability of development objectives to climate change.
Assessment of current soeexonomic conditions and vulnerability.

Future ClimateRisks Assessment

Assessing future climate changsks to development

Extrapolations of existing soegconomic trends

Expected/potential impacts on development

Economic and Financial impacts of climate change/ Climate Risk Analysis

1.3 Focus and Scope of the Task

The work is to be undertaken in the informal settlements in Nairobi, with a specific focus at
the following three informal settlements: Mukuru, Mathare, and Kibera slums. The scope of
sectors and biophysical issues that will be considered will be narraleech to the most
critical based on assessment of previous studies in the informal settlements, and will
consider, in particular, vulnerability issues related to flooding and their related -socio
economic and biophysical impacts within the settlements.s Bmialysis will be supported by

all the necessary data information, where possible.



1.4 Deliverables

=

One meeting with relevant stakeholders to launch the process (report).

2. Stocktake of the Climate Change situation in Nairobi, Current Vulnerability
Assessment and Future Clima®Résks Assessment.

3. An inception, draft and final report on Climate Change Resilience for the

Urban Poor in Nairobi.

A presentation of these reports to key stakeholders.

All deliverables shall be in both two soft copieglawo hard copies.

ok



2. METHODOLOGY

Desktop studies were carried out on existing literaturestocidate the baseline conditions,
current trends, and tadentify knowledgegaps and vulnerability factorsin the selected
informal settlementsA climate risk analysis was carried out by analyzing time series rainfall
data from 1972 to 2014 with special interest in the extreme events such as El Nifio and
storm frequencies that pose threats to the identified vulnerable communities (see Annex
A2.1 fa details on the time series analysig).review of the existingnd relevant national

and county policies and legislationwas carried out toidentify the institutional and
governance framework relating, in particular, to informal settlemeriifie biophysial
characteristics of the physical properties such as the topography, geomorphology and slope
were carried out in the ArcGIS environment. A 30m resolution Digital Elevation Model (DEM)
of Nairobi was used to characterize the geomorphological propertiesh sas the
topography, river channel patterns and length profiles. This DEM was further used to study
the slope characteristics of the selected study areas.

The desktop studies informed the field surveys that were carriedirotie three informal
settlements from 14 to 18" December 2015. The main objectives of the field survey were
to:
1. Carry out a questionnaire survey aimed at the identification of biophysical and-socio
economic indicators of vulnerability to flooding.
2. Bvaluate impacts of flooding to the communities living along the main rivers in the
informal settlements.
3. Investigate the effectiveness of the flood prevention strategies adopted by different
stakeholders in the informal settlements.

This field survey wasonducted along thenainriversé b 32y 3Q | YR th@duR Ay S
across the settlements as those living close to the rivers were identifietheamost
vulnerable to thebiophysical and socioeconomimpacts of flooding from literature review

and scojng of documented incidents media report®uring the field survey, the students
generated primary data on residentstakeholder perceptionon flood management,
pollution incidentsand river changes. Observations made on the environmental impact of
the flooding in the different settlements were notednd GPS positions were takeKey
Informants from the various villages within the slums were interviewed to provide
narratives supporting evidence collected from the household surveys. Details of the field
guedionnaire administered are present in Annex 3.

The Daily Nation media articles that mainly focusedund climate incidenceand water

borne disease informal settlements in Nairobi were collected, covering a 30 year period
from 1985 to 2015, and wittspecific emphasis on study siteBhe articlesoutline the
impacts of the incidences recorded as well as the responses made by the city management
and other agencies through the yeaiation Media Group is the largest media house in the
country with the Daily Nation Newspapers having an audience share of approximately 40%

10
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of the market (Geopoll 2014Yhe Daily Nation is algbe only media house with a digital
print media libray that has the capacity to allow fdhis genre of researclesovering the
baseline of 30 years.

All these data together informed the proposeeisilience framework that encompasséie

understanding of local climatestrategies foreduction ofvulnerabilities, risks anampacts;
and the assessment and priorittkan of adaptation optionsthat would enable the
implementation of measures that can Ipeonitored and evaluated for effec@ness through
time as the strategies and programmes are rolled. out

current risks

mapping using GIS; flood frequen
analysis; pollution (air, water, land
Assessment of current climat
change impacts: Identify factor
contributing to vulnerability and
compare across the three slui
areas.

Approach

No. [Study Aspects Desktop Fieldbased

1. Biophysical Literature review, topographic an{ Key informant interviews
description of | other types of maps transect walks ano
study site settings observations

2. Socieeconomic Literature review Key informant interviews
description of transect walks and observation
study site settings;
identification and
mapping of key
actors

3. Policy and| Review of relevant policies anKey informant interviews with
Regulatory legislation/regulations at Nationastakeholders
Framework and| and Couty levels
analysis of nationa
and county
development

4. Establish  current | Literature  review; collection| Groundtruthing of GIS map site
biophysical collation, and analysis of secondal walks for identification of high
vulnerabilities data on climate (rainfall] flood levelsand significant surface

to Climate | temperature) from KMD ang runoff tracks influent into rivers

change, evaluatg hydrology from WRMA; Flooje.g. roads and pathways

sanitation and drainage

11



5. Establish currenf Literature review and analysis ¢ Site walk survey/observation
socieeconomic secondary data on, e.g. populatig stakeholder consultations on site
vulnerabilities to| growth; poverty; potable watel GPSGIS mapping of previou
climate change, supplies; water infrastructure| flood damages along rive
evaluate current| surface/groundwater use, climatg courses; infrastructure
risks, sensitive diseases etc. Reference| assessment

relevant  datdase(s), reports
maps; Assessment of currel
climate change impacts;

6. Assessment of Literature review and analysis ¢ Site walk survey/observation
existing adaptation | secondary data; implementatiof stakeholder consultations on an
actions, challengeg processes, challenges, an off site  where relevant;
and barriers bottlenecks implementation proesses and

bottlenecks

7. Future climate riskl Analyzing trends and cycles { N/a
assessment future climate/extreme events

covering selected site(s) an
correlate  with  soci@conomic
indicators

8. Sustainable Global literature review for| Site walk survey for customizatio
adaptation  options| analogue sites including of applicable adaptive actiong
analysis identification  of best and proposal of contextletermined

sustainable practices new adaptive actions

12



3. LITERATURE REVIEW

3.1 The Vulnerability of the Urban Poor to Climate Change

Cities in the developing world produce and consume at higher rates than rural areas per
capita. They thereby account for a disproportionate share of greenhouse gas emissions. At
the same time, with tkir concentration of economic activity and population, along with the
coastal location of many cities, they are disproportionately vulnerable to the effects of
climate change. In short, cities are at the heart of the problem both in terms of the source of
the carbon emissions and in terms of the effect that global warming will have on human
settlements.

The urban poor, and particularly those in informal settlements, are uniquely vulnerable.
They are the most likely to live in leling areas, on steep slep, in ravines, and in other

risk prone areas. The quality of their housing is poorest and least resistant to extreme
weather events. They lack the resources, and often the information, to respond in ways to
mitigate their increasingly precarious situat&nPoor communities tend to have more
limited adaptive capacities as climate change affects human settlement. First, the poor
cannot afford adaptive technologies, such as improved building materials. Second, their
ability to relocate to a less stressed @émwment is often limited by political/cultural
constraints and resources. Finally, they are more dependent on local water and food
supplies, with less ability to tap other markets when these local sources become less
productive. Among urbarcentersin low- and middleincome nations, perhaps the most
obvious increased risk comes from the likely increase in the number and intensity of
extreme weather events such as heavy rainstorms, floods and droughts (associated with dry
spells).

3.1.1 Flooding

Urban aeas always present some risk of flooding when rainfall occurs. Buildings, roads,
infrastructure and other paved areas prevent rainfall from infiltrating into the caihd so
produce more runoff. Heavy and/or prolonged rainfall produces very large volwhes
surface water in any city, which can easily overwhelm drainage systems. igowethned

cities, this is rarely a problem because good provision for storm and surface drainage is
easily built into the urban fabric, with complementary measures to prosg@inst flooding

¢ for instance the use of parks and other areas of open space to accommodate floodwaters
safely from unusually serious storms. In most cities, there is also scope fowudand
management and incremental adjustments to increde®dwater management capacity.

But inpoorly governectities, this does not happen. Most residential areas have no drainage
system installed and rely on natural drainage chanrnelad it is common for buildings or
infrastructure to be constructed that actually dbgscts these drainage channels. The
LINPOESY 2F dzZNDBlYy WTEl aKQ TFdnaig bodand th worserkniNS F 2 NE
intense precipitation eventsFigure3.1 below shows the complexity between urbanization,
climate change and increased flooding

13
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Figure3.1Urban flooding and climate changapil Gupta, 2011)
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The only concrete policy for flood protection that currently exists in Nairobi designates a
blanket, 30m ripariarzoneswithin which all structures are deemed illegal. In 2009 the
National Environmental Management Authority (NEMA) estimated that implementing the
policy would require the eviction of 127,000 people along the Mathare, NairobiNagahg

rivers at a cost of .8 Billion KES (Nation, 200®)g.2 below) Floods impact the urban poor

in a number of ways. First, their housing, usually of flimsy orssabdard materials, and
household assets, get damaged; water supply gets polluted or becomes unavailable;
sanitaion gets affected, spreading contagious diseases; and significantly, livelihoods get
disrupted (Khan 2010). Second, the urban poor mostly work in the informal sector and
livelihoods such as horAeased businesses, street hawking, rickshaw driving, and ltiraye

to factories for work, all get affected. In extreme floods, they have to abandon their
settlements and seek shelter on roadsides, schools or mosques. Floodstogggng can
perhaps the most serious hazard impacting slums.
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Figure3.2 Slums of Naobi Countyi.e. Kibera, Mukuru, Dandora, Mathare, Kariobangi and
KawangwaréKDI, 2015)
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SLUM RESIDENTS RESIGNED TO FATE AS EL NINO LOOMS
September 5 th 2015

(Source: Nation Media Group )

In the informal settlements where a majority of the residents live near
riverbanks or abandoned quarries, the lurking danger appears to have been
largely ignored.
1 On May 10th 2015 people died after the perimeter wall of the South B
Mosque collapsed on shanties in Mukuru Fuata Nyayo slums at night.
1 Another four people were swept away in Kayole and one in Ruaraka in
June while dozens died when cholera broke out in Kibera.

3.1.2 Constraints on Water and other Key Natural Resources

IPCCG 2NJ Ay3 DNRdzLJ LL y23GSR GKIFIGZ Ay ' FTNAOFZI
LIS2LIX S | NB LINR2SOGSR G2 0S8 SELRASR (2 |y Ay
(Adger et al., 2007) (high confidence). Many cities and their water catchmemtgetviess
precipitation (and have more constrained fresh water sourcesyhich is particularly
problematic for growing cities and large cities already facing serious problems obtaining
sufficient fresh water supplies. Nairobi as a city has gone thraygles of freshwater

stress to meet the demand of itsverincreasingpopulation. The drought of 2000, for

example, not only saw the collapse of the hydropower systems to operate normally; but
longqueues were witnessed as residents struggle to get thegiwes commodity. The irony,

in these circumstances is that the poor in the slum settlements end up paying more for the
water. Rapid and unplanned urbamowth and a range of human actions combine with the

natural hazards to exacerbate vulnerability, withntgpounded impacts on the urban poor.

Factors such as poor waste management and public health amplify the effects of hazards

and trigger a set of cascading secondary impacts such as floodsaa@dogging

3.1.3 High Temperatures and Heat Waves

In regad to urban heat islands, higher temperatures occur in urban areas than in outlying
rural areas because of diurnal cycles of absorption and lateade&tion of solar energy and

(to a much lesser extent) heat generation from built/paved physical struciuféese
increase the frequency and severity of hestitess events in cities and can affect the health,
labour productivity and leisure activities of the urban population. There are also economic
effects, such as the additional cost of climatntrol within buildings, and environmental
effects, such as the formation of smog in cities and the degradation of green spaceks
increased greenhouse gases if additional demand for cooling is met with electricity
generated from fossil fuels.

Incidences of firesre also common during the dry spells and because of the high density,
firefighting and evacuation are very difficult and it is common for slum residents to lose
household assets and belongings, an adversity that the pooillgpeeparedto deal with.

Even if fire stations are nearby, the incessant traffic congestions and narrow roads in slums,
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makes it almost impossible for fire wagons to reach the site on time. In addition, increasing
dzND 'y RS@St2LIYSYyd FyR GNIFFAOYSKSBt 6 O02¢h k y&S
by generating more heat and adding to the climate change induced temperature rise, once
again with a range of implications for the urban poor including loss of productivity and
income, negative impacts on health and disrupted wated amnergy supplies. Such a
situation is conducive for the ignition and rapid spread of urban fires.

3.1.4Gaps

There is a clear gap between the scale of the issue and the current knowledge and eapacity
to-respond within governmental and negovernmental organizations A consistent
challenge is that community perspectives on these issues have rarely been integrated
planning processes (Baker, 2012). There is great potential to consider howdostenon
structural approaches that support local resilience can create an integrated approach to
flood risk management alongside traditional spatial planning and padisgonses (Jha et

al., 2012). Examples include early warning systems, flood awareness campaigns, flood
management committees and local emergency respoansaters (ibid). Figure 2 below
shows the major rivers and slums of Nairobhe figure shows the praxity of the
settlements to the watercourses

3.2 Nairobi Informal Settlements Typology of Mathare Slum
3.2.1 Introduction

Mathare is one of the oldest and largest slums in Naijr@bicity where over half the
approximately 3.5 million residentséA Yy Yl y& RAFTFSNBYy (G &f dzyad wS2
frequently suffer from tenure insecurity, while widespread poverty and violence further
increase their vulnerabilities. Like many informal settlements, Mathare is characterized by
unsafe and overcroded housing, elevated exposure to environmental hazards, high
prevalence of communicable diseases, and a lack of access to essential services, such as
sanitation, water and electricity. Climate change further exacerbates these myriad of socio
economic vulerabilities in which people settled in such areas are already predisposed to.
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Figure3.3Mukuru slum, Nairobi.

3.2.2 Context
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business district and is bordered by Thika Road to the north and Juja Road to the south. The
settlement sits within a valley of the Mathare and Gitathuru Rivers. It is made U@ of
villages: Mashimoni, Mabatini, Village No. 10, Village 2, Kosovo, 3A, 3B, 3C, 4A, 4B,

Gitathuru, Kiamutisya, and Kwa Kariuki

a) Population growth

According to the Kenya Housing and Census report of 2009, the following population figures

were found forMathare population:
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Mathare Population, 2009 Kenyan Census
VILLAGE Total Population Female Male No. of Households Area- 5q. Km
34 4059 1896 2163 1530 0.0536
3B 7433 3256 4177 2681 0.0497
3C 5316 2430 2886 1925 0.0761
an 18776 B565 10211 5627 0.2151
4B 5681 2496 3026 1810 0.061
GITATHURU 3737 1645 2092 1241 0.0464
KIAMUTISYA 5825 2845 3188 2351 0.054
KOSOVO 8085 3642 4443 2846 0.0835
KWA KARIUKI 5290 2353 2937 1878 0.0545
MABATINI 1160 553 607 383 0.038
MASHIMONI 4478 1931 2547 1692 0.0526
NO.10 2594 1350 1504 994 0.0272
VILLAGE 2 7875 3658 4217 2854 0.072
TOTAL POPULATION 80309 36620 44098 27812 0.8837

However, due to other factors such as time of enumeration and high mobility of slum
dwellers such frequent population shifts may lead to some degree of inaccuracy and under
counting. In 1999 Census, an estimated 70,000 people wersept within the same sub
locations under Mathare Valld¥rig. 3.4)

82,000
80,000
78,000
76,000
74,000
72,000
70,000
68,000

66,000

64,000
1999 2009

Figure 3.4 Population in Mathare.

This indicates a 7% increase as compared to 2009 census. According to the Kenya
5SY23INILIKAO tNRFAES 2F HnanmnX blFANBOA [ 2dzyie
compared to the National rate of 2.1%. This coupled with and a further 4.36% annual
urbanization rate, this population is expected to continue increasing rapidly. The average
household sizén Mathare is around 3.5 people per househoaldhis increase in population

puts a heavy strain on the already scarce resources and is further exacerbatearsh

disasters that are induced by climate change.
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b) Livelihood sources, Poverty and Income Levels

YSyel Qa dzaNbly LRLMzAFGA2y aidlyRa Fd Hm:rod t
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poverty within East AfricalUnemployment is remarkably high among the youth; and
especially high among women in Mathare Vallegome distribution varies widely between
villages but on average eaish. 250010,000 per month with avage household monthly
expenditure. (Muungano Support Trust et al, 2011) household level data from Mathare
indicates that 87% of residents are employed in the informal sector, either through casual
labour or through small business, and only 10% of Matheesidents are formally
employed. Fewer than 40% can find employment outside of the Valley. Common casual
employment include clothes washing for women, which earns about Ksh 200 per day

and constructiorlabourfor men, which earns Ksh 250/day.

The unpredictable and inconsistent nature of casual labour leads to income fluctuations,
which in turnhas a direct impact on household health and food secuflityis is because
such a situation creates susceptibilities to resource limitations for basidsnéke food,
shelter and clothing. In this case, education, health and sanitation become luxuries.

c) Water infrastructure; surface water/ground water use

Water provision throughout Mathare Valley is generally either via stand points or water
kiosks, whichare generally poorly distributed geographically. Populations pay on average
Ksh. 2 for &0-litre jerry can from private sellers. Most of residents do not havaame
piped water. Water quality & reliability is inconsistent, with frequent contaminatiamf
vandalized pipes and shuoffs. Many community yard taps are controlled by cartels and
price spikes are frequent, especially during droughitbe high demand on the few existing
water system, illegal water connections and poor maintenance has catlrsedystem to
frequently leak, leading to low pressure flows, contamination of water and dry taps.

d) Land and Environment

Water, sewage and other pollutants drain into the valley from surrounding communities &
facilities. There are settlements in ecolodigdragile areas such as riparian reserves and
steep slopes. Such areas are prone to flooding during the rainy season. Quarry activities
have left exposed rock and removéopsoil. Lack of solid waste collection leads to large
exposeddumpsites There ardew open spaces and no green spaces for recreation in some
villages. Limited agriculture activities and keeping of livestock occurs alomydneanks

e) Sanitation

Solid waste/garbage pollution is a major concern for residents. There are very few publ
toilets and pit latrines which are poorly distributed on space and difficult to use for women
and girls. Further, poor or neexistent sewerage systems, limited or no solid waste
management also greatly contribute to the deplorable sanitation conditioriee SlumPit-
latrines are mostly shared among householdsrring the rainy season, wastieom the
latrines is carried by floods into residential areas causing water borne disebbsesfe,
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unsanitary and unlit toilets are contributing to sexual violence against women at night
across Mathare.

f) Climate sensitive diseases

Mathare Valley is consideredheghrisk area when it comes to health and climate sensitive
diseases. Most prevalent and high frequendgedse cholera, dysentery and other water
borne and food borne diseases like bacterial and protozoal diarrhoea, hepatitis A and
typhoid fever.During climate induced varied weather patterns threst prevalentvector
borne diseasedncludes Malaria, Dengue Fever and Rift Valley FevekVater contact
diseases such ashistsomiassalso occur.

g) Social amenities e.g.dispensaries/ medical facilities

Urban poor rely heavily on public or governmenn health facilities which are in a
dilapidated stateln Mathare, social amenities vary by spatial distribution per village but are
generally located and far distances, are overstretched in terms of long queues and time
taken to access services (poor doctor patient ratio), lack basic personnel and medication
required.

h) Type and size of houses/structures

Most housing structures within Mathare are temporary due to insecurity of tenMiathare

is an area where both more permanent dwellings, such as-tisghbuildings (usually
between three and eight floors), dnmore temporary dwellings, such as mhdts and tin
shacks, intertwine. Twthirds of the people interviewed in our survey live in-sihacks or
mud-huts while approximately one third live in sepgrmanent, permanent or highise
buildings.Permanent hosing and highrise buildings differ from tirsshacks in that they are
usually units with multiple apartments; however, the apartment size is similar to that-of tin
shacks (approximately 9 square metetd)ghrise buildings have better access to services,
such as electricity, water and sewerage, however, the provision of these services is still very
infrequent. Majority of residents are renters while a minority own their structure. Typical
housing construction materials are iron sheet r@wfd walls with most having dirt floors.
Some of the villages are located on government owned @uathagedland. Other villages
have greater private and other land control.

1) Energy sources/ technologies

Access to electricity continues to be a major cem axd struggle for many Mathare
residents.Mathare slums residest use electricity for lighting andowering of electronic
equipment and businesse#ccording to a survey done in 2014 by Spatial Collective on
Mathare demographics, only 9% of residents hayereal, metered electricity connection,

68% tap into the electric grid informally and 22% have no electricity atallsehold pay

an average of Ksh 403 (US$5) per month for electridiégal electricity connections pose a
constant risk of fires andlectrocuion (due to haphazard connections). Charcoal & paraffin
are the most frequently used cooking fuels. Households pay an average of Ksh 1,368
(US$16) per month for cooking fuel.
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]) Infrastructure

Mathare is bordered by two main highways of Juja Road and Thika Road. Traffic accidents
along Juja Road are frequent, creating health and safety hazards for the residents. The

I O0OSaaAoAftAle 6AGKAY YR 0SGsSSy al (dar NEQa
relations, economic activities and safety. Many pathways and roads do not have a safe and
gradeseparated space for pedestrians, and almost all Mathare residents must walk to
obtain basic services.

k) Literacy levels

Majority of the population in Mathre are youth between the ages of -B5. Due to the
economic situation most have attained only primary school education. The transition rate is
low to secondary and tertiarpstitutions.

3.3 Nairobi Informal Settlements Typology ofKiberaSlum
3.3.1 Introduction

Kibera is one of the largest slums in Africa with an average population of approximately
more than nine hundred thousand people. Like many informal settlements in Nairobi, slum
dwellers are frequently plagued by overcrowded housingute insecurity, abject poverty

for some residents, forced evictions, elevated exposure to environmental hazards, high
prevalence of communicable diseases, lack of access to essential services, such as
sanitation, water and electricity, violence just to nt®mn a few. Climate change further
exacerbateshese myriad®of socieeconomic vulnerabilities.

3.3.2 Context
a) Population growth

Kibera settlement is located on two Nairobi divisional administrative areas; Dagoretti and
[ Fy3Ql GF RA @4 dividédyhto @4 vitldg&s wishtvatzifig gopulations as indicated
in the figure below. The slum is estimated at 2.5 square kilometres and is roughly 5
kilometres away from the city centre. Over the years, Kibera slums continued to grow from
as low as 6,00@eople in 1965 to around one million today. Lack of reliable data on
population and growth parameters on Kibera slums has led to discrepancies on the size of
the slums as one of the largest in the continent.-dabitat estimates the total population

at between 350,000 to one million. International Housing Coalition estimates the population
to more than half a million people, while experts on urban slums give an estimate of more
than 800,000 people. Government statistics on the total population of Kibenmasshs
around 200,000 people (KNBS, 2010).
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Villages in Kibera Informal Settlements

&

a
Klanda

Karsngs Laini 8abe
sasmmont

Olympi Krsumu Nsogo Soweto East

Sitanga

N

Divisions and

Features

Villages
Kianda
Olympic
Soweto West
Katwekera
Karanja
Kisumu Ndogd
Ralla
Makina
Kambi Muru

— Mashimoni
4 Nacoti D, Lindi
‘orest
gang Laini Saba
Silanga

I Soweto East

I Forest
Il Dam

—— —
utisya 2010 0 220 440 280 130 1.760

Figure3.5: Villages in Kibera.

b) Sources of livelihoods, incomes and poverty levels

A study conducted b¥pesgroppesand Taupin(2011)indicated that job insecurity is still a

real problem in Kibera. 45% of themployed population are sedmployed though this
activity does not guaraete a regularincome;households are still vulnerable and poor. The
main activity for women is sefmployment (24%) with activities such as selling vegetable or
fish and cooking kwal food. Accordingly, the income per person in this study was calculated
by dividing the income per household by the number of individuals; for Kibera it is
estimated at 3,977 Kenyan Shillings (KShs) per person per month (39 USD). In 2003, UN
HABITAT sdhe poverty level at KShs 2,645 per person per month (26 USD) in urban areas
in Kenya. This poverty level could be higher in recent times due to inflation. With an average
income of KShs 2,260 per person per month (22 USD), single women with childrér are t
most vulnerable. Another vulnerable category is individuals living in a nuclear family where
68 % live with less than KShs 2,645 per month. The study further indicated that people living
below the poverty line reside in the western part of Kibera, hehaeing the highest rates

of children possibly making it the poorest area.

c) Water infrastructure, surface water/ground water use

Most slum dwellers have three main concerns with water: access, cost and quality. There is
fAYAGSR O00Saa G2 ¢6FGSNI LRAYyGar 6KAOK | NB
landlords ration water such that it is only available on specific days efwtbek and at
specific times (Water Sanitation Program, 2007). Those who have access to functional water
systems are burdened by the high cost of purchasing water. This is costly when especially
compared to income levels of the community. Furthermore, sdieera slums dwellers use
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sewerage water for bathing and washing. They also use borehole, rainwater, and sometimes
draw water from broken pipes. This water is highly contaminated. Kibera is heavily polluted
by human refuse, garbage, soot, dust, and otheastes; this further exacerbates the
already dire situation.

d) Sanitation

The lack of improved sanitation facilities, including toilets, showers, and sewage disposal has
been well documented in Kibera. 94% of the population in informal settlements doavat h
access to adequate sanitation. Up to 60% of the population in Kibera must share pit latrines
with approximately 50 others. Even when toilet facilities are available, there are concerns
over the location of these facilities, the cleanliness is quesbar using them at night
poses security risks. Children are especially vulnerable to inadequate toilets usage as a
result of lacking access to househddelys, whichunlock the community toilets. With few
G2AtSda FyR LAG tFTONARYSa | @OFAfSRET GKSNB KI &
The reality behind these flying toilets is the inaccessibility of toilet facilities especially during
late hours due to uaven distribution and lack of convenience resulting to insecurity. Most
toilets and pit latrines are owned and managed by community groups and also individual
businessmen who charge Ksh. 5 per person per every visit.

e) Climate sensitive diseases

Climate clange impacts on slum dwellers in two ways: through floods and drainage
congestion and through heat stress. Most of slum inhabitants liveighriskareas such as:

on the edges of ravines, flood prone embankments, slopes prone to mudslide or collapse or
in densely packed areas. Furthermore, these areas are susceptible to flooding, as well as
waterlogging. Studies indicate in such scenarios, the residents are prone to cholera,
dysentery and other water borne and food borne diseases like bacterial diarrhepatitis

A and typhoid fever and because of their close proximity, infection rates are elevated.
During climate induced varied weather patterns the vector borne diseases most prevalent
include malaria, Dengue and Rift Valley Fever.

f) Social amenities e.g. dispensaries/medical facilities

The residents in these areas live under deplorable conditions with lack of the most basic
needs and social amenities and face mdithensional challenges which require multi
dimensional interventions such as clean watapply and improved sanitation, energy, solid
waste management, housing, schools, and hospitals. There is however a continued
intervention by international organizations, NGOs/CBOs/FBOs, financial institutions, and
even the government to improve the situah in this slum. These organizations have
erected schools, water kiosks, health centres, and toilets in different villages in Kibera slums
but these facilities are inadequate given the high number of people living in the area.

g) Type and size of houses/structures

There are more than 30,000 structures in Kibsgitams, whichare mud walled and thatched
with corrugated iron sheets (Amnesty International, 2009). This is as a result of land tenure
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insecurity. A household in the slums comprises of seven mentdrei@verage and usually
stands on a 12ft by 12ft structure costing almost US$15 per month. The local authorities
usually issue temporary occupation licenses to the owners. Around 10% of Kibera residents
own the structures and sulet them to the remaining90% (UNHabitat, 2003). The
structures are owned by informal owners who are recognized by the tenants, but they have
no legal ownership. The tenants pay a monthly miese to the owners.

h) Average number of people per household

According to a study donby Desgroppesand Taupin(2011) the villages situated in the
western part of Kibera have the highest household sizes: Kianda 3.5; Soweto West 4.5 and
Raila 4.2 (persons per household). This area of Kibera is mostly composed of young couples
from WesternProvince. The percentage of children1(D years) is around 50%, while the
average for Kibera is 36.5%.

1) Energy sources/ technologies

Kibera residents have to rely almost exclusively on firewood and charcoal. Mostly women
and girls have to walk for distaas to look for firewood. Charcoal is often prepared for
commercial purposes. Entire trees are being carbonized and sold in sacks to the poor in
urban areas. More than 70% of the slums lack electricity.

j) Land and environment

Water, sewage and other pollutants drain into the valley from surrounding communities &
facilities. There are settlements in ecologically fragile areas such as riparian reserves and
steep slopes. Such areas are prone to flooding during the rainy seastnofLsolid waste
collection leads to large exposddmpsites There are few open spaces and no green spaces
for recreation in some villages.

K) Access to information/information flow

With the current government, opportunities are available to the youthisThas given the
youth different developmental areas such as opening of libraries, cyber cafes among others.
Therefore, these individuals have access to information to better themselves and their
families.

l) Infrastructure
Kibera slums have railway tracked dirt roads. However, these are heavily polluted by
human refuse, garbage, soot, dust, and other wastes making it difficult to manoeuvre

especially when using the roads. Housing structures and shops erected in the area are in
close proximity to the ravay making the surrounding communities prone to accidents.
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m) Literacy levels

Majority of the population in Kibera are youth between the ages of3&5 Due to the
economic situation most have attained primary school education.

3.4 Nairobi Informal Settements- Typology ofMukuru Kwa NjengaSlum
3.4.1 Introduction

Mukuru kwa Njengas aslumin the East oNairobj the capital of Kenya It belongs

to Embakasi Constituencyrhe genesis of this settlement dates back to 19%&t of the

place was an old quarry where most stones that built the factories were excavated. To solve
this problem different villages were created in 2002 as a way of providing security, pointing
leaders in each village in order to have control over #fffairs in the area. From then, the
area was sub divided into eight villages (zones): Sisal, Milimani, Vietnam, Riara, Moto Moto,
Wape Wape, Zone 48 and MCC. Most of the inhabitants are immigrants from rural areas
looking for job opportunities.

Sisal was the first area built up in 1984, followedviiimani, Vietnam and the North part of
Zone 48 in the next ten years. These areas, built ugdesmsand for shelter increasedre
characterized by high urban congestion, an organic and unplanned lajant but also by

a more organized population. The other four villages started from a need of expansion of
the congested villages from 1998 to 2000. They were planned by the community and are
characterized by a more organized urban layout

The name Mukur Slum is coined from the Kikuyu wof#lukuru” meaning place of
depression.The other four villages started from a need of expansion of the congested
villages from 1998 to 2000. They were planned by the community and are characterized by
a more organizednban layout.

3.4.2 Context

Mukuru Kwa Njenga is part of the larger cluster of Mukuru informal settlements situated
about 8 km to tke southeasternside of Nairod@a OSYGN}f o0dzaAy Saa
industrial areaMukuru KwaNjenga Settlement is strategically located, withirZDminute

drive from the city Centre of Nairobi. Its proximity to the city and to the industrial area gives

it numerous advantages. The slum is surrounded by three major roads: Mombasa Road on
the Souhern Side, Outering Road on the North Eastern side and Airport North Road on the
South Eastern side. The settlement spreads over two sub locations, namely Imara Daima
Sublocationto the West and Mukuru Kwa Njen§aublocationto the East [IEBC 2011].
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a) Population growth

The 2009 Kenyan Census reported a population of 66,505 in the 7 villages of the study area.
According to the Kenya Housing and Census report of 2009, the following population figures
were found for Mathare population:

VILLAGE POPULATION HOUSEHOLDS POPULATION
DENSITY (ps
km?// pers acre)

Sisal 6791 2490 73815//299

Milimani 4752 1697 76399//309

Vietnam 14979 5430 68996//279

Riara 8551 3172 44260//179

Wape Wape 11631 4665 82024//332

Zone 48 10901 3686 72336//293

Moto Moto 8900 3195 63345//256

Total 66505 24335 66672//270

However a study carried out by MuST in 2011 enumerated structures and their dwellers
within the above 7 villages as 125,292. The average household size within this area is 3
persons per home.

b) Livelihood sources, poverty and income levels

The settlement is located in close proximity to industrial area. Due to this strategic location
most of the people are either employed in the industrial area and outside the settlement or
run their own businesses within the sluhis forms part of the Mukuru micreconomy.

The predominant types of business activities are grocery/vegetable vendors,
bars/restaurants and hotels, charcoal vendors, tailors, barbershops and salons, kiosks and
shops. They are located along the motoreabbad and secondary streets of the settlement
due to the vibrancy, good accessibility and high pedestrianization. This increases their client
base. Moreover, these businesses &@me basedand are thus business combined with
residential functions

Simibrly, the railway line forms another main economic spine as business activities are
taking place just around thEgond River Bridge. On average livelihood sources earn below
Kshs. 150, between Kshs. 1300 daily while few people earn above Ksh. 5@D0average,

the amount of money a household spends on a monthly basis ranges from Kshs. 5,000 to
Kshs. 7,200 that covers basic needs such as food, clothing, water, and electricity but also
other petty expenses. In regards to expenditure on rent, Mukuru slesidents spend
monthly average of 1500 Kenya shillings. The rents are cheaper in the less accessible and
poorer conditions areas, flood prone and insecurity common areas.

c) Water infrastructure; surface water/ground water use

Within Mukuru Slum, water isswally consumed from water points and water kiosks that
are distributed throughout the villages. From existing literature, it emerged that water in
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the area is sourced from three points: Imara Daima, the Cereal Board area (through Sinai)
and Embavilla. Tle Nairobi Water and Sewerage Company (NAWASCO) is currently
providing water pipes in the main streets. The two major distribution points are: Riara and
Moto Moto, but yet to work efficiently.

The water points are owned by individuals whereas the water kiosks are owned by groups.
Water points are mainly located outside the plots while othare inside the permanent
structures.The service informally provided accompanied by the high pollutiéects the
quality and quantity of water available. The illegally connected water pipes pass through
open sewerage lines and under solid waste on the streets. Water vendors dete2erri

canat Ksh. 5.

Generally water infrastructure within MukurSlum is characterized by inefficient,
inadequate water infrastructure, monopoly of services water providers leading to limited
equitable accessibility for all and poor water quality properties. This affects health of slum
dwellers particularly the children

d) Land and Environment

The terrain of Mukuru Slum is a gentle smooth slope towards existing stream waters,
however due to the past quarrying activities that took place on this land, there are many
existing deep valleys thus during the rainy season, nbshe surrounding areas remain
flooded. These grounds are also major breeding ground for mosquitoes during the rainy
seasons.

The settlement was developed near one of the mawuers, that isNgong River that crosses

the city. This river flows bordemnthe north of the settlement in Sisal, and it is one of the
critically polluted points in the arealhe stream that ends in the NgdnBiver crossing
through the slum is now used as an open sewer line that concentrates the untreated waste
water from the dainages around and serves as disposal point for some of the public toilets,
pit latrines along it, and manual sewage exhaustditsis environmental degradation and
pollution has led to high pollution of water supplier informally as well as high prevate#nce
diseases likdiarrhoeg typhoid, amoebiosis and cholera.

e) Sanitation

Within Mukuru slum, pit latrines are the most common type of toilets used for disposal of

human waste. Some private pits are shared within residential plots while others are located

within ablution blocks for public uselust like other slum areas in Kenya, the spatial
distribution of these varie®y villages and housing typologies. The more permanent stone

houses in Mukuru have the flush toilets while the tin and shack temporarysihgu

structures are located in more ecologically fragile areas. These areas are more congested

and toilets hee are located under power lines, riparian and railway reserves. During climate
OKIy3dS AYyRdzOSR RAA&l aGSNRAR f shéghtdhed2 2 Ra > (G KS NB

There exists no functional sewerage system within Mukuru informal settlements. The
formally existing one that was constructed over 10 years ago was outpaced by the rapid
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population increase and thus burst, however NAWASCO is in the protessmstructing
another. The human waste disposal method commonly used is the manual exhauster. The
people that provide this service have organized themselves into a group. This may cost
between Kshs. 30800 to empty adrum, whichis then disposed off it the existing near

by stream waters.

f) Climate sensitive diseases

The major diseases in the area are sanitary related and respiratory diseases. The inhabitants
of the settlement are prone to sanitary related diseases sucldiashoeg amoebbsis

typhoid and malaria, due to poor drainage and waste disposal in the settlement.
Respiratory diseases such as TB, asthma, pneumonia may be due to lack of proper
ventilation within the structures and the location of a quarry nearby. During climate change
induced eent like droughts and heavy raining seasons, the prevalence of these disease
increases drastically. STDs and STIs are also widespread in the area.

g) Social amenities e.g.dispensaries/ medical facilities, social halls, open spaces

The settlement has botformal and informal health services. The two main formal facilities
within the settlement include Medical Missionary of Mary Church and Alice Nursing home.
The other facilities in the area are mainly informal chemists and dispensahiege are very
limited numbers of designated open spaces. Depending on the type of function and use
required either streets or churches are used as open spaces. The existing playgrounds are
often used as dumpsites.

With regard to social halls and communitgntres there isa shortage of social and
community halls in Mukuru slum. Open spaces, churches, personal areas of resident and
streets serve as meeting and recreation spaces. The few social premises in the area have
been constructed by youth groups as income generatutiyiies.

h) Type and size of houses/structures

The lowlying nonpermanent structures with iron sheet wabsdroofs with concrete floors

are the most common housing typologies in Mukuru Slum. Other types are made of stone,
mud, mesh or wood. But the ste structures go up to 4 storeys and are mostly found in
Moto Moto A. Sisal and Milimani have some of these permanent structures that rise up to 1
floor because the high congestion prevents the horizontal expansion of the villages. The
typical layout of astructure in Mukuru Kwa Njenga is two rows ofl3 rooms with a
corridor separating the two lines of rooms.

I) Energy sources/ technologies

There are two main power lines in the settlement. A 220Kw high voltage line along the
railway and a 66Kw voltage lifmrder the east part of Sisal and crossing Zone 48. Under
both of them, despite having a reserve of 30 and 15 meters way leave respectively, people
have settled.The most prevalent method used to acquire and distribute electricity is the

a{l YOI I IEmethod bty residents tap electricity directly from the electricity
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service lines. A few of the residents use direct connection from Kenya Power grid and this is
mostly in MotoMoto A. The sambaza method is very dangerous and has caused accidents
like electrical fires or electrocution over the years. The monthly expenditure on electricity is
between Ksh.250 and Ksh.380 per month, with a crossing average of approximately Ksh.300
for Mukuru Kwa Njenga.

In regards to the cooking fuel that is used, ab80€6 of the respondents in the 7 villages

rely on charcoal and kerosene for cooking. Expenditure on cooking fuel per day ranges from
Kshs. 10 to Ksh.150. This cost depends on whether the cooking is done at the household
level or for a commercial functiorMajority of households spend about Kshs. 1,500 per
month on cooking fuelBased on the above there are great opportunities for providing
cleaner and green energy for lighting and cooking within the settlements. There are also few
streetlights and flood ligts some of which do work efficientlfhese posea great insecurity

risk.

j) Infrastructure

The main entry/exit points are through Mombasa road and North Airport road from the
South (MCC and Moto Moto), and Outerirgad from the North (Sisal). The residents also
use small informal footpaths along and across the railway to access the Industrial Area for
work. The flow rate in thenajor and minor spines varies with the condition of the ro@lle

poor road networks arenon-motorable and they have a low flow rate due to accessibility
problems mostly caused by solid waste and mud.

Walking is the major mode of movement used in Mukuru Kwa Njenga, and few people also
uses bicycle as a cheap mode of transport. There is anmtwytle terminus near the lA
Hudaa Mosque (Sisal Mosque) whereby the motorcycles are used occasionally. The
residents also access bus terminals for movement outside the slum.

k) Literacy levels
Majority of the population in Mukuru is bottom heavy and areuyio between the ages of
15-35. Due to the economic situation most have attained only primary school education.

Thedropout rate is high with most seeking manual labour employment within the adjacent
industrial area. The transition rate is low to secondang tertiary institutions.
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4. FINDINGS

4.1 Climate Change and Variability Context
4.1.1 Time Series Analysis

The raw data series over Nairobi shows rainfall is highly variable on monthly timescales and
with significant extreme events of rainfdlbr the four stations(Figs. 4.1 to 4.4)On the
seasonal scale, rainfall is portrayed to be highly seasonal over the stations in the area of
study. This is the expected scenario given the pattern of synoptic drivers of rainfall in the
region such as thenter-tropical Convergence Zone (ITCZ).

The trend patterns in the study area shows a cyclic nature of rainfall with a noticeable
similarity indicating that the spatidemporal pattern of rainfall in the region is nearly
homogenous. With this cyclic nawrof rainfall, extreme events occur that threaten
livelihoods in the slums. Therefore, extreme rainfall events posargescalethreat the
vulnerable communities in the County. Conspicuous extreme wet events such as 1977,
1997, 2002, 2006 and 2010 werssaciated with ElI Nino episodes. Such events caused
devastating impacts to the urban poor in the informal settlements where drainage is poor.
Therefore, rainfall drivers such as the ENSO are crucial factors to monitor in assessing the
susceptibility of theslum population to rainfall scenarios. In the era of climate change, the
expected increase in intensity and frequency of these extreme events will amplify the
destructive impacts of climatic shocks in the slums.
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Figure4.4 Time series components for rainfall daih Wilson

4.1.2 Monthly Precipitation Charts over Nairobi

Below are monthly precipitation charts useful in identifying wet/dry monfigures 4.5 to
4.10) These charts clearly isolate Jeeptember as the dry months.
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Figure4.5Monthly precipitation chart for Dagoretti
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Figure4.6 Monthly precipitation chart for Eastleigh
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Figure4.7 Monthly precipitation chart for Kabete
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Monthly precipitation at Wilson.,[mm/month]
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Figure4.8 Monthly precipitation chart for Wilson

The precipitatiorcharts showthe variability of rainfall within the year, showing the wet and

dry months within a year. The wet months are the March to May which forms the long rains
seasons while the wet events of October to December form the short rains season. These
are the monthsthat the people in the informal settlements are more vulnerable to the
extreme events. June to September also form the dry season, whereby water shortage
events are acuteand exacerbateshe impact of poor sanitationThese months also are
associated withpoor sanitation and loss of productive hours as people much time in long
gueues in the limited water supplies. Together with increased expenditure on buying water,
these factors decrease the resilience of the slum communities as the more money is spend
to buy basic needs such as water and less on investments.

4.1.3 Storm Intensity Duration Frequency Analyses

This section presents the runoff characteristics of the given statidakle 4.1 below
indicates thatlarge storms are specifically associated with shorter duration for this
particular station (Kabetg)Table 4.1) This can also be confirmed from the IDF curve below
for the same location; where for instancé about 30mmhr. intensity rainfall with a 2year
return period will last 1 hour while at a return period of 2g€ars will last 6 hours.

Table4.1 Storm frequency analysis (Kabete meteorological station)

Duration | Return Period in years

in

minutes | 2 5 10 25 50 100 200
60 28.84 44.11 54.22 66.99 76.46 85.87 95.24
120 21.05 31.66 38.69 47.56 54.15 60.68 67.20
180 16.19 24.61 30.18 37.23 42.45 47.64 52.80
360 9.42 13.86 16.80 20.51 23.27 26.01 28.73
720 5.41 7.84 9.44 11.47 12.98 14.48 15.96
1080 3.67 5.27 6.34 7.68 8.68 9.67 10.66
1440 3.03 4.25 5.05 6.08 6.83 7.58 8.33
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Figure4.9 Rainfall Intensity Duration Frequency curves for Kabete meteorological station

4.1.4 Frequency Analysis of peak rainfall and generated runoff
a) Results for Dagoretti station
Results from Dagoretti rainfadtation indicates that peak rainfall of at least of 75mm depth

is expected at least once every 2 years which translate to expected peak runoff depth of
about 35mm once every 2 yedSigure 4.1Q)
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