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Climate change presents one of the most significant challenges to the sustainable deve'opment
of pur towns and communities, Maua Municipality, as a growing urban centre and an in: partant
cconomic hub in Maua County, is increasingly experiencing the impacts of climate va dability
and extreme weather events, including flooding, landslides, drought, and enviro imental
degradation. These challenges threaten livel thoods, infrastructure, public health, and the natural
environment that sustains our people,

This Urban Climate Risk Profile for Maua Municipality is a timely and strategic documant thar
provides a clear understanding of the climate risks facing the municipality and cutlines practical
pathways for building resilience. The profile brings together evidence on key hazards,
vulnerable areas, and affecied populations, and proposes realistic adaptation and mitigation
strategies aligned with county and national development pricrities. It is Intended guide
planning, investment. and decision-making processes, while strengthening coordination among
municipal institutions, communities, and development partners,

| commend the technical teams, stakeholders, and community representatives who contributed
o the development of this profile through data sharing, consultations, and validation Their
collective effort reflects our shared commitment to safeguarding the future of Maug
Municipality. Successful implementation of the recommenditions in this profile will require
comtinued collsboration, strong Jeadership, and sustained investment in climate-resiljont
development.

As we move forward, the County Govermment and Maug Municipal Board remain comnitted
to mainstreaming climate change considerations into all aspects of urban planning and s:rvice
delivery. This Climate Risk Profile will serve as a key reference in our journey toward a
resilient, inclusive, and en vironmentally sustainable Maua Municipality for present and Asture

generations.

 ——
ks

Timothy Mwenda
Muunicipal Manager



EXECUTIVE Summary

Owerview

Maua Municipality is increasingly expericneing the impacts of climate variability and change,
which are affecting livelihoods, infrastructure, and the natural eqvirontuent, Changes in rainfall
patterns, mofe intense storm evenis, and prolonged dry periods have increased the frequency
and severity of climate-related hazards within the municipality. These hazards pose significant
risks to agricultural productivity, water cesources, settlement areas, and key infrastructure.

The rapid climate risk assessment Was undertaken to provide a snapshot of the most pressing
climate hazards affecting Maua Municipality and to identify areas and sectors that are
particularly vulnerable. The assessment focuses on four primary hazards: Mooding, landslides,
soil erosion, and drought. These risks are closely linked to both climatic factor, such as heavy
painfall and prolonged dry spells, and local conditions including land-use practices,
deforestation, settlement patterns, and limited drainage infrastructure.

Flooding is commonly triggered by intense rainfall and inadequate drainage systems, leading
to damage to reads, homes, and husinesses. Landslides occur mainly in steep of unstable terrain
during heavy rains, posing a threat to settlements and farms located on or near slopes. Soil
erosion is widespread due 10 unsustainable land management and heavy rainfall, resulting in
loss of fertile topsoil and reduced agricultural productivity, Al the same time, drought periods
reduce water availability for domestic use. farming, and livestock, creating additicnal pressure
on loeal liveliboods.

Undersianding these climate risks is essential for guiding municipal planning, disaster risk
management, and climate adaptation efforts. The findings of this profile provide a foundation
for identifving priority actions that can help Maua Municipality strengthen resilience, reduce
vulnerability, and promote sustainable development in the facc of increasing climate risks,

Key Climate Hazards
The rapid climate risk asscssment identified four major climate hazards affecting Maua
Municipality: floeding, landslides. soil erosion, and drought.

« Flooding: Intense rainfall often overwhelms drainage systems, leading to fleoding in
Jow-lying areas. This damages frastructure, homes, and businesses and disrupts
transport and daily activities.

«  Landslides: Heavy rainfall in hilly areas can destabilize slopes, causing landslides that
shreaten settlements, farmland, and road networks.

«  Soil Erosion: Unsustainable land-use practices and heavy rains contribute to the loss of
fertile topsoil, reducing agricultural productivity and increasing sedimentation in
waterways.

- Drowght: Prolonged dry periods reduce water availakility for households, crops. and
livestock, affecting livelihoeds and food security.

These hazards highlight the need for improved land management, betier drainage infrastruciurs,
and stronger climate resilience planning in the municipality.



Vulnerahiliry Hoispots

The rapid climate risk assessment identified several areas within Maua Municipalit: that are
particularly vulnerable to climate hazards due to their geographic location, environmenial
conditions, and pattems of land use,

* Low-lying and poorly drained areas are highly vulnerable 1 flooding, e:pecially
during periods of intense rainfall when drainage systems are overwhelmed.

+  Steep and hilly slopes face a higher risk of landslides and soil erosion, particular]y
where vegetation has been cleared or where farming occurs on unstable termin

+ Agricultural lands are vulnerable to soil erosion and drought, which reduce soll
fertility, crop productivity, and fanmers’ incomes.

*  Areas with limited water infrastructure are more exposed 1o drought imjacts, 25
comminities rely heavily on rainfall and scasonal water sources,

These hotspots highlight where largeted interventions—such as improved drainag:, slop:
stabilization, sustainable land management, and water conservation measures—are most
needed to reduce climate risks,

Current Adaptive Efforts

Several initiatives are already underway in Maua Municipality and the wider Maua O amty fo
help communities adapt to climate change and reduce climate-related risks,

* Locally Led Climate Action (FLLoCA Programme): Through the Fivancing
Locally-Led Climate Action (FLLoCA) Programime, communities are receiving iuppon
such as rainwater harvesting tanks, kitchen garden kits, and livelihood sapport to
strengtiien resilience to drought and improve food security,

*  Climate-Smart Agriculture Initiaftives: Training and planning workshops for county
official: and farmers promote climate-smart agriculture practices, helping farmers
adopt droughe-tolerant crops, improve soil management, and increase resilicnce to
changing rainfall patterns.

* Community-Based Adaptation Projects: Projects implemented with civil «ociety
organizitions support spring restoration, sustainable farming practices, and
community-led environmental conservation. strengthening local capaciiy to mianage
climate risks,

= Policy and Planning Framewaorks: The Maua County Climate Change Action Plan
(2023-2027) provides a strategic framework for integrating climate resilienc: into
county and municipal planning processcs.

Together, these efforts contribute o strengthening climate resilience through improved water
management, sustainable agriculture, ecosystem restoration, and enhanced Community casacity
for climate action

Persisient Gaps remain in:

* [Drainage and flood control infrastructure. which remains inadequate in hign-risk
areas.
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. Slope stabilization and soil conservation measures in landslide- and erosion-prone
TOHIES,

. Relinble water storage and supply systems 10 reduce drought vulnerability.
« FEarly warning systems and community awareness for climate-related disasters.

= Integration of climate risk into local planning and enforcement of land-use
regulations.

Strategic Priorities
« Strengthen drainage systems and Mood management in high-risk areas.
« Promote sustainable land management L0 reduce soil erosion and landslides.
« Improve water harvesting and storage 10 address drought impacts.
. Enhance climate risk integration in municipal planning and comm unity Awareness.

Ohjective of the Profile

¢ To identify key climate hazards, assess vulnerability within Maua Municipality, and
provide priority actions to puide climate risk reduction and resilience planning.

Scope of the Assessment
+ [dentification of major climate hazards affecting Maeua Municipality.
% Assessment of vulnerable areas, communities, and sectors exposed to climate risks.
% Review of current climate adaptation and risk reduction efforts.

Analysis of key gaps and challenges in managing climate risks.

W

Identification of priority sctions to strengthen climate resilience and inform municipal
planning.

Wt

Methodology

The Maua Municipality climate risk profile was developed using 4 rapid nssessment approach
that eombined data analysis, ficld observations, and stakeholder engagement to identify climate
hazards. vulnerabilities. and priority actions. Historical climate and rainfall data, previous
hazard reports, and municipal records were reviewed to understand trends and exposure. Key
climate hazards, flooding, landslides, <nil erosion, and drought, were mapped, and vulnerable
areas, communities, and sectors were identified. Consultations were conducted with municipal
officials, community leaders, farmers, and local organizations to validate findings and
incorporate local knowledge. Finally, current adaptive efforts were assessed, gaps in climate
risk management Were identified, and priority interventions were recommended to guide
resilience planning and municipal decision-making.

=



h’:t:r & W:stm';ter
nagement

Wl:st-:."r'ltnn_.gmun! Medium [Medium [h'lgﬁium

ransport and Mobility _|high Very High Very High Very High
edium _ High Migh  [Very High Ver High
conomic Infrastructure  Medium_ |[High High Very High Very High
cial Infrastructure Medium  [High High Very High Very High
ney Services Low ium ium  Very High Higzh
rhan Residents edium igh ery High Ve h Hi
nformal Settlement |.I:Hgl: [‘Vnry High Very High Very High Very High
idents | !
ulnerable and igh ery High Very High Very High ery High
lized Grow
Urban Blue Infrastructure edium zh i ery High Very High
eri-urban and Agrl:tnlturnlJHigh Very High Very High [Very High [vmr High
8

Table 2: Summary of Landslide Risks for Maua Municipality
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Table 3: Summary of Soil Erosion for Maua Municipality
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Table 4: Summary of strong winds rishs
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DEFINITION OF TERMS

Adapiation; The process of adjusting natural or human S¥Slems in response o actual or
anticipated climate stimuli or their cffects, Adaptation seeks to moderate harm or take
advantage of beneficial opportunities,

Assel(s): Any item, resource, or system with actual or potential value to an orgasization,
COMMmMunity, or region,

Climate Change: A long-term shift in global or regional climate patierns, primarily c:used by
increased concentralions of greenhouse gases (GHGs) due to human activities, It poes beyond
natural chimate variability observed over comparable time periods.

Climate: The statistical average of weather conditions—such as tem perature, precipital on, and
wind—-over a long period, typically 30 years or more.

Exposure: The presence of peaple, ecosystems, infrastructure, or assets in locations that coule
be negatively impacted by climate-related hazards,

Greenhouse Gases ({GHGs): Gases that trap heat in the atmosphere by absorbing and emitting
infrared radiation. Kev GHGs include carbon dioxide (CO:), methane (CHJ), nitrous oxide
(MNa0), perfluorocarbans (PFCs), hydrofluorocarbons (HFCs), sulfur hexafluoride (5F:), and
nitrogen triflucride (NFs),

Impaet: The offect: of climate change or extreme weather events on natural and umann
systems. These inclide consequences for lives, livelihoods, health, ecosystems, econsmies,
infrastructure, and cultural heritage, resulting from the interaction between climate hazards and
the vulnerability of exposed systems.

Infrastructure: The physical and organizational structures and facilitics—such as buildings,
transport systems, public utilities, and communication networks—ithat support the funct ing
of society,

Mitigation: Actions aimed at reducing or preventing the emission af greenhouse gases, or
enhancing carbon sinks, to limit the magnitude and rate of climate change,

Programme: A structured grouping of related projects or services, typically implementeil by a
government ministry or department, designed to achieve specific strategic objectives.

Project: A set of coordinated activities carried out within defined time, budget and
performance parameters 1o achieve specific goals. Multiple projects with a common purpose
may be grouped into a programme.

Resilience: The capacioy of social, economic, and environmental systems to anticipate, aksorh,
recover from, and adapt to adverse events, while maintaining essential functions, struciures,
and identity, and the ability to learn and transform.



Risk Analysis: The progess of understanding the nature of risk and determining the level of
risk by identifying hazards and assessing exposure and vulnerahilities.

Risk Assessment: A systematic approach to identify. analyze, and cvaluate the nature and
magnitude of risks. It considers potential hazards and the existing vulnerabilities of people,
property, livelihoods, and the environment, in order to guide decision-making and action
planning (LN, Z004).

Risk: The potential for adverse outeomes resulting from the interaction of hazards. exposed
assets, and vulnerabilities, Risk arises when threats exploit existing vulnerehilitics, leading to
posgible loss or damage.

Target: A specific, planned level of achievement for a panticular indicator or abjective, used to
MCAsUre ProEress.

Vulnerability:
The degree to which a sysiem, community, or individual is susceptible to, or unable 1o cope
with, the adverse effects of climate change. This includes factors such a8 sensitivity, EXposure,

and adaptive capacity.

xi



1.0 BACKGROUND OVERVIEW
1.1 Objective

This Urban Climate Risk Profile for Maua Municipality identifics and analyzes the ke
climate-related risks affecting the municipality and its surrounding areas. It highlights the
impacts of hazards such as flooding, drought, rising temperatures, and soil crosion on
infrastructure, liveliboods, and essential urhan services.

The profile provides an evidence-based basis for integrating climate risk management nto
municipal planning. It aligns with national and county climate policies, including the Maua
County Climate Change Act {2019}, and supports resilience initiatives such as KUSP 11 o
guide investments that strengthen climate adaptation and sustainable urban development in
Maua,

1.2 Urban Comtext

1.2.1 Geographic area

Maua Municipality is located in Igembe South Sub-County, within Mery County, in the eastern
region of Kenya. The municipality lies on the northern slopes of the Nvambene Hills anc serves
as the principal urban and commercial centre for the greater lgembe region, Maos town
functions as a key economic node linking rural agricultural areas 1o regional and rational
marke(s,

Geographically, Maua Municipality is situsted approximately 40 kilometres north o Meru
Town and is accessible via the Meru-Maua Road, which connects the municipality t: other
mgjor towns within Meru County and ncighbouring counties. The municipality accupies a
predominantly hilly and undulating terrain, charscierized by ridges, valleys, and seasonal river
channels that drain towards lower catchment areas.

The municipality experiences a sub-humid to semi-arid climate, with bimodal rainfall pitterns
consisting of the long rains (March-May) and short rains (October—December). Rainfall
variability is high, with pericds of intense precipitation often resulting in surface junodf
localized flooding, soil erosion, and landslides, particularly in low-lving areas and along. steep
slopes. Conversely, prolonged dry spells contribute to water stress, reduced grounciwater
recharge, and pressure on urban water supply systems,

Maua Municipality is rraversed by scasonal sireams and drainage corridors, which forn part
of the broader regional hydrological system. These natural drainage paths are critical for
stormwater conveyance but are increasingly encroached upon by urban development,
heightening lood risk during extreme rainfall events.

The municipality’s geographical setting combining sieep slopes, expanding buill-up areas, and
sensitive riverine and peri-urban agricultural zoncs—significantly influences its exposire 1o
climate hazards. These physical characteristics make Maua particularly vulnerable to p uvial
Hooding, erosion, landslides, and water scarcity, underscoring the need for climate-responsive
land-use planning, drainage management, and environmental prodection.



1.2.1.1 Local Context

haun Municipality serves as the primary commercial and serviee hub for the greater Igembe region,
supporting surrounding rural communities that rely heavily on agriculture and small-scale trade. The
municipality hosts markets, transporl connections, aducational institufions, and health Facilities that
attract daily movement of people froom nearby rural arcas. Rapid urban growth, increasing population,
and expanding informal settlements are placing pressure on infrastructure, land, and essential services
auch a5 water supply, drainage, and wastc managemen, Combined with its hilly terrain and dependence
an climate-sensitive livelihoods, these factors heighten Maua's vulnerability to climate-related risks and
underline the need for climate-resilient ushan planning and infrastructure development.
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1.2.1.2 Regional Context

Maua Municipality is an important urban cenlre within the greater Meru County region and
plays a key role in supporting economic and social activities across the Igembe sub-countics.
The municipality serves as a regional market hub for agricultural produce and provides essential
sepvices to surrounding rural settlements. Its strategic location along regional road networks
facilitate trade and movement between Meru County and neighbouring counties in eastermn and
northern Kenya. As urbanization confinues to expand in the region, Maua's development is
closely linked to broader regional dynamics, including population growth, agriculiural
productivity. infrastructure development, and increasing exposure Io climate-related risks such
as droughts, flooding, and land depradation.

1.2.1.3 Administrative Context
Admistratively Mauva Municipality is located within Igembe south Sub County and it also

includes some parts of Igembe central sub-county covering an area of 17.5 sq. Km, This consists
of the entire arca of Maua Township end its environs, as well a5 Kimongoro, Maili Tatu,
Kithetu, and Kiegol markets.



1.2.4 Physical and Topographic Features

Maua Municipality, located in lgembe South Sub-County of Meru County, lies on the eastem slopes of the
Nyvambene Hills at an elevation of ahout 1,654 meters above sea level, giving the area a highland environment
with relatively cool temperatures and seasonal rainfall. The municipality is characterized by undulating to
hilly terrain formed through voleanic and erosion processes, with ridges and valleys that supsort agricultural
activities, particularly miraa cultivation. These slopes influence natural drainage patterns, vhere 1ainwater
flows through seasonal streams and channels into lower-lving areas, sometimes leading to lo alized Alooding
during heavy rainfall. Although the soils are generally fertile and suitable for farming, the combination of
steep slopes and intense reinfall increases the risk of soil erosion and occasional landslides, especiallv where
vegetation cover is reduced, making sustainable land management important for climate risk seduction in the
municipality.

1.2.5 Climatic Conditions

Maua Municipality experiences a sub-humid highland climate influenced by its Incation on the slopes of the Nyambene
Hills, The area receives bimodal rainfall, with the bong rains ceeurring between March and May and the short rains
between October and Degermn ber. Average annual rainfall is relatively moderate but can be highly varia ble, with pericds
of intense rainfall that sometimes lead to surface runclf, localized flooding, and sl erosion. 7T EMPErTIres . are
generally moderate due to the high elevation, typically ranging between 15°C and 26°C throughout the: year, Flowever,
increasing climate variability has led 1o irregular rainfall patierns, prolonged dry spells, and occasional xtreme weather
events, which affect water availubility, agricultural productivity, and urban infrastructure within the I ankcipadity,
1.2.6 Geology and Soils

Mava Municipality is situsted on the eastern highlands of the Nvambene Hills, with unde Tving geology
dominated by basaltic and veleanic rocks, interspersed with sedimentary deposits in the valleys. These
fermations contribute 1o the area’s undulating terrain and fertile soils, The soils are generg v deep, well-
drained, and rich in organic matter, miking them suitable for intensive agriculture, including miran (khat)
uand other high-value crops. However, the combination of steep slopes, intense rainfall, and human activity
increases the risk of s0il erosion and landslides, particularly where vegetation is sparse or land mana zement
practices are inadeguate. Flaintaining soil fertility and implementing conservation measures are therefore
citical for sustainable agriculture and reducing climate-related land degradation in the munic pality.

1.2.7 Vegetation

Maua Municipality and s surrcunding areas are characterized by highland agriculturil lang scapes
intcrspersed with paches of natural vegetation. The fertile valleys and slopes support culrivated Crops,
including miraa (khat), maize, beans, and various horticultural crops, while small-scale plantitions of trees
such as grevillea, cypress, and indigenous species provide timber, fuelwood, and soil stabiliz ition, FMatural
vegelation remnants occur slong steep slopes, riverbanks, and drainage corridors, playing an important role
in s0il conservation, water regulation. and biodiversity support. However, ongoing urbsn expension,
deforestation, and intensive farming have reduced native viegetation cover, increasing vulnerability to soil
erosion, landslides, and reduced ecosystem resilience in the face of climate-related hazards.

1.2.8 Hydrology and Drainage

Maua Municipality is crossed by seasonal streams and natural drainage channels from the Ny: mbene Hills,
which help manage stormwater and support groundwater recharge. Rapid urban growth and eneroaciment
on these waterways have increased flood risks during heavy rains, making proper drainage mar agement and
protection of natural channels critical for climate resilience.

1.2.9 Natural Resources

1.2.9.1 Wild Life and Tourism
Maua M unicipality is home 1o diverse wi dlife, includ ing birds, insects, and small mammals. with elepliants,
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monkeys, and larger bird species commonly Seen along the Maua Nanyuki road. While human-wildlite
conflicts, particularly involving elephants, oecasionally occur, the presence of these species contributes 1o
tourism potential, making Maua an attractive destination for nature-based visits.

1.2.9.2 Arcas Of Scenic Value

Ihe municipality and its surroundings feature rolling hills, valleys, and forested slopes that offer scenic
landscapes and panoramic Views. These areas not only enhance agsthetic and recreational value but also
support eco-tourism, hiking, and outdoor activities, complementing Maua's natural and cultural attractions.
1.2.9.3 Wetlands

Maua Municipality is traversed by seasonal streams and low-lying drainage areas that form small wetlands,
particularty along valley floors and riverbanks. These wetlands play a crucial role in stormrwater rebention,
groundwater recharge, and maintaining local biodiversity. They also act as natural buffers against flooding
and soil erosion. However, many wetlands are under pressure from urban expansion, agriculture, and waste
disposal, highlighting the need for their protection and sustainable management to support both ecological
functions and ¢limate resilience in the municipality.



1.2.10 Demographic Structure and Trends

According to the 2019 Kenya Population and Housing Census (KPHC), Meru County has a population of
1,543,714, consisting of 767,608 males, 777.975 females, and 41 intersex individuals, Within Maua
Municipality, 22,121 residents live in Maua Township, while 29,780 reside in the surrounc ing arcas of the
municipality, reflecting a growing urban and peri-urban population.

The municipality’s population is predominantly young, with a large proportion under the ag: of 30,
Population growth in Maua is driven by both natural increase and migration from surrounding rural areas, as
residents move to the tovnship seeking economic opportunities linked to trade, agriculture {notably miraa
production), and informal sector activities.

‘This rapid urbanisation and population expansion place increasing demand on public services. infrasructure,

housing, and employment, highlighting the importance of integrating demographic trends into climate risk
planning and urban development sirategics,

Figure 2: Age pyramid
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1.2.11 Socio-Economic Characteristics

Maua Municipality serves as a key commercial and administrative center within lgembe South Sub-County
of Meru County, The municipality has a diverse population, comprising both urban residents in the central
business district, peri-urban dwellers, and inhabitants of informal sentlements. The population is
predominantly youthful, with a significant proportion engaged in small-scale trade, agriculture. and informal
cector activities. Houschold sizes vary, with larger Family units common in peri-urban and rural arcas.

The municipality’s econotny is primarily agriculture-driven, with miraa (khat) cultivation as the major cash
crop. supplemented by subsistence farming of maize, beans, and vegetables, Small-scale trading, retail
businesses, and services in the CB1D provide employment opportunities for urban residents, Despite these
ecanomic activities, poverty levels remain high in informal seftlements, where limited access 10 education,
health services, clean water, and sanitation is common. Unemplovment and underemployment, especially
among youth and women, contribute to socio-economic vulnerability.

Education and health indicators in Maua show moderate access, with several primary and secondary schools,
a technical training center, and health facilities including hospitals and clinics. However, service delivery
challenges persist in peri-urban and informal areas, affecting resilience to climate shocks. Social cohesion is
strong, with community-based organizations and cooperative socketies supporting livelihoods and local
development. Overall. the socio-sconomic characteristics of Maua Municipality highlight a high dependence
on natural resources, informal livelihoods, and Jocal services, which shapes the municipality’s vulnerability
to climate hazards such as floods, droughts, and landslides.

1.3 Participatory Climate Risk Assessment

The preparation of Maua Municipality’s Urban Chimate Risk Profile imvolved s participatory approach, cngaging
multiple siakeholders pcross government, civil socicty, the private sector, and loeal communities, This approach
ensures that climate risks are identified not anly through scientific data but also by incomporating local knowledge,
experiences, i pricities. Syakeholders provided valuable insights on historieal hawzard events, vulnerable locations,
key infrastructure, and socio-economic vulnerabilities, which informed both the hazard assessment ard adaplation

planmning.

Key participants in the assessment included municipal and county governmert departments responsible for urban
planning, water and sanitation, solid waste management, transport, health. and disaster management. Additionally,
representatives from community-based organizations, informal settlement associations, farmer coopergives, youth
groups, women's groups. and focal businesses contributed to the identification and ranking of climate hazards.
Workshops and focus group discussions were conducted to validate historical hazard records, understand zettlement-
specific vulnerabilities, and identify adapiation priorities.

The participatory process followed a structured stakeholder mapping and cngagement methodology. Stakeholders wers
categorized acconding 10 influence and interest, emsuring that hoth high-level decision-makers and wulnerable
community groups were included. High-influsnee, high-mierest stakehalders, such as municipal planners and coundy
dizaster officers, guided technical nssessments, while Tow-influence, high-interest stakehalders, such as residents of
informal settlements, provided ground-lovel perspectives on risk exposure and adaptive capacity. This inclusive
approach ensures that the climate risk profile reflects both technical analyses and community realities, supporting more
equitable, targeted, and effective climate adaptation planming.

The PCRA followed a comprehensive process involving:
s Stakeholder Mapping and Engagemen
= Hagard and Risk Identification



*  Adaptation Co-Development
*  Commumity-Based Scenario Planning

1.3.1 Purpose of the PCRA Repont

The PCRA {Prelimirary Climate Risk Agrsessment) Report sims to identify and assess the key climar -related hazards,
vulnerabilities, and risks in Maua Municipality, providing a concise evidence base tn Euide climate-resilient planning,
decision-making, and targeted adaptation interventions.

1.3.2 Steps in the PCRA Process for Maua Municipality
The participatory climate risk assessment process for Maua Municipality was implemented through a serics
of structured steps designed to ensure inclusivity, transparency, and relevance, The key stages included:

1.3.2.1. Stakeholder Map ping and Engagement
* Local government, cemmunity leaders, youth groups, women's associations, farmwrs, traders, and
health/education institutions were identified and engaged.
*  This ensured that diverse voices—including those from informal settlements anc rural wards—
were represented in shaping adaptation priorities,

Table 5: Stakeholder mapping for Maua Municipality
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1.3.2.2. Hazard and Risk [dentification
*  Communities and experts Jointly assessed climate hazards such as tlooding i1 Mauy CBI,

drought in peri-urban and rural zones, and soil erosion in agricoltural areas,
*  Risks were analyzed in relation to population distribution, highlighting how high-density areas
face urban flooding while low-density rural zones are vulnerable to crop failure.

1.3.2.3. Adaptation Co-Development
*  Practical solutions were co-designed with stakeholders, including improved draisage svstems.

climate-smart agriculture, water harvesting, and green job creation for youth,
*  This step emphasized inclusivity, ensuring that adaptation measures addressed buith urban and
rural needs.

1.3.24. Community-Based Scenario Planning
* Local residents participated in scenario-building exercises to envision future elim:te vonditions
and their mpacts on livelihoods, health, and infrastructure.
* These scenarios informed long-term strategics, such as resilient housing in informal settlements,
health system strengthening, snd balanced spatial planning to reduce pressure on Maua CED.

1.3.2.5 Ouicome and Implications for the CRP
*  The PCRA process highlighted that Maua Municipality’s youthful population, uneven settlament

densities, and socio-economie disparities significantly shape climate vilnerability. By embedding
community knowledge into adaptation planning, the municipality can:

*  Enhance ownership and sustainability of climate actions.

* Align adaptation pricrities with demographic realities (youth employment, maternal health,
informal sertlements).

*  Build resilisnce through inclusive, cvidence-hased strategies that balance urban and rural needs.
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1.4 Legal and Policy Context for the Manicipality’s PCRA

The Participatory Climate R ik Assessment {PCRA) for Maua Municipality is anchored in a strong legal and
policy framework that govemns climate change action at both pational and county levels. It aligns with
constitutional provisions and key legislative instruments that require the integration of chimate considerations
into development planning and implementation.

|41 Constitution of Kenya, 2010
Article 42 of the Constitution guaranlees EVery Kenvan the right to a clean and healthy environment. This
establishes the foundation for envitonmental protection and climate action through legislative and other

appropriate measures, ensuring benefits for both present and future generations.

| 4.2 Climate Change Act, 2016

The Climate Change Act provides Kenya's overarching legal framework for climate governance. It promaotes
climate resilience and low-carbon development, while establishing institutions such as the Mational Climate
Change Council, the Climate Change Directorate, and the Climate Change Fumd to coordinate and support
climate response mMeasures ACrOss all sectors and levels of government.

1.4.3 Kenva Vision 2030 and Medium-Term Plans

Kenya Vision 2030 recognizes climate change as a major developmental challenge. Climate resilience has
been mainstreamed as a cross-cutting theme i the Second and Third Medium-Term Plans, ensuring that
adaptation actions arc integrated into national and sectoral development sirategies.

1.4.4 Kenya Climate-Smart Agriculre Strategy (2017-2026)
This strategy aims to strengthen resilience in agricultural systems while reducing greenhouse gas emissions.
It promaotes adaptive farming practices to safeguard fond security and support sustainable rural livelihoods

under changing elimate conditions—rart icularky relevant for Maua's agriculture-driven economy.

1.4.5 Climate Risk Management Framework (2017}

The framework cmphasizes the integration of disaster risk reduction, climate change adaptation, and
custainable development planning. It encourages cohesive strategies that address multiple dimensions of
climate risk in a harmonized manner.

1. 4.6 National Climate Change Framework Policy (2018)

This policy guides the mainstreaming of climate considerations into national and county planning, budgeting,
and implementation. It mandates climate-responsive gOVeIMAnce across all development sectors, Ensuring
that countics like Mana embed adaptation into their Integrated Development Plans.

| 4.7 Meru County Integrated Development Plan (CIDF) 2023-2027

Meru County's CIDP has mainstreamed climate change across development programmes. The plan
emphasizes climate-smart infrastruciure, environmental conservation, and sustainable resource management,
aligning both county priorities and the municipality’s Integrated Development Plan (1DeF).
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2.0 HAZARD ASSESSMENT

2.1 Imtroduction

The hazard assessment examines the key climate-related threats affecting Maua Municipality and its
surrounding areas, providing a detailed understanding of how these hazards impact the urban environment,
infrastructure, livelihoods, and ecosystems. It evaluates the frequency, intensity, and spatial distribution of
hazards such as flooding, droughts, rising temperatures, and soil erosion, as well as their potential short- and
long-term effects on communities and municipal services. By identifying areas and populations most
vulnerahle to elimate risks, this assessment forms a critical foundation for informed planning, risk reduction,
and adaptation strategics. It also suppons local decision-makers, development partners, and stakeholders in
pricritizing interventions that enhance climate resilience, protect livelihoods, and sustain urban growth in
Maug Municipality.

1.1 Overview of County’s key Climate hazards
The following are the highlights of Meru County’s key climate hazards:

« Agriculture is the backbone of Meru County's economy, playing a central role in food and
nuirition security and providing the majority of employment opportunities. The county's fertile scils
and favorable climatic conditions support both cash erops and subsistence farming. 1 lowever, drought
and Famine in the recent past are a major threat. Farming systems in Maua County include large- and
emall-scale cash crop farming (tea, coffee, miras, bananas. and horticultural crops), mixed
subsistence farming, and livestock keeping, These systems sustain household incomes and cotribute
significantly to the county's GDP.

«  Under the National Agricultural and Rural Inclusive Growth Project (NARLIGP), priority value chains
in Maua include dairy cattle, bananas, coffee, and horticultural crops, selected for their cconomic
importance, resilience, and contribution 10 food sccurity and houschold income. Despite its
agricultural potential, food insecarity remains a challenge. A notable proportion of houscholds are
considercd food poor, while child malnutrition indicators such as stunting and wasting persist,
reflecting vulnerability to climate varigbility and economic shocks,

. Constraints to agricultural prod uetivity include high input costs, pests and diseases, post-harvest
losses, poor toad networks, and declining land availability due o urbanization end land
frazmentation.

« Agro-ecological variations shape climate risks across the county. The semi-arid casiern zones
experience maore frequent dry spells and moisture 5iress, while the hightand and midland zones face
greater risks of flooding, soil erosion, and landslides.

. Ou-farm climate change adaptation strategies practiced in Maua include water harvesting,
conservation agriculfture, use of drought-tolerant and early-maturing crop varietics, timely planting,
fodder conservation, use of certified inputs, diversification of value chains, and sustainable land
management practices such as terracing, grass strips, and retention ditches.

«  Off-farm adaptation strategies include reliance on carly warning systems, weather advisories,
agricultural extension services, training and credit facilities, improved post-harvest handling and
storage, use of indigenous knowledge, and access to market information.
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Table 6: Hazard screening for Maua Municipality

‘Pluvial (surface level) flooding,
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Nash Noodinz and wiban fooding § X * L
Fluvial river) flooding N N N N
Sea level rise M M N M
Coastal flooding, including storm surges N N N N
Waterlogging N i N N

Brought {meteorological, hydrological)

Groundwater salinization

Salme intrusion
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Extreme wind Y N N M
Tropical cyclones N N M N
Sand and dust storms N M N N
Hailstarms N N M N

Crully erosion
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2.1 Climate Indicators and Hazard Thresholds
T characterize Maua priority hazards, appropriate climate indicators were selected o reflect observed and
projected changes in frequency. magnitude, and intensity of hazard events. Each indicator includes
{hreshold levels {Low / Medium / High) to support current and future hazard ¢lassification

Table 7: Hazard screening for Maua Municipality

femperature Metearological
increase: pumberof | Department  (KMD),
Averape mﬂﬂe hot days =32°%C IPCC ARG (2021k
tEmperaure = +1.5°C rise from | National Climnte High
increase 19812010 Change Action Plan
baseling or =10 | {(NCCAP 2018-
consecufive days | 2022); Waorld Bank
b . Climate Portal.
. : 3 KD Ramfall Data
g _ (1980-2023);  State
duration of rainfall
Chamngres it Deepartrnent for
rm@"ta‘nm . Environmend; Climate Hi
3 i
3 y =50 mmm in 24 hours Gk B
E of =150 mm in 3 days 5
Vulnerability Atlas of
Kenys (J018).
EMMD Hanfall
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Pluvial  {surface
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level) flooding, | |
. . within 24 hours or | Management Uit
including  flash . High
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flocding and urban
A days - MNEMA
flowding :
Envvironmental
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Table 8: overview of Mery Cou oty key climaie hazards and their adaptations

 Agro-ccological zone | Key features [ Climate hazards | Adaptations W
Highlands  (Upper | Fertile soils, cooler | Flooding, soil erosion, Improve drainages,
Midlands & lower | temperatures, high | landslides terracing, soil comversation,
highlands, 1,500 - | raindall resilient infrastructyre
1,804}
Midlands {1,300- | Mixed farming, | Flooding in valleys, | Storm  water man:g:mcrf
1, 50:0) moderate  rainfall, | pulleys erosion sustainable lanc use
dense settlements planning, grecn
. infrastructure
Eastern  semi-arid | High population | Prolonged  droughs, Irrigation schemes, jluughf-_i
Zones (Maua CBI, & | density, rapid | moisture stress, crop | tolerant crops, witler
Peri-urban corridors) | urbanization failure harvesting, fodder
conservation
Urban centers (Maua | High population | Flash  Moods, waste Climate-responsive  urban |
CBD & peri- urban | density, rapid | management planning, drainage vogrades,
corridors) urbanization challenges, heat stress | solid  waste Miana gement,
| green spacers A

1.3 Current Hazard Levels and Climate Projections

An analysis of histarical climate data for Mery County, which encompasses Maua Municipalitv, reveals notable
trends in temperature and precipitation. Data from the Kenya Meteorological Department (K101} covering the
period from 1981 to 2015 indicates a moderate increase in mean temperatures across the county, with a rise of
0L.7°C during the long rains season and 0.5°C during the short rains. Broader regional observaiions confirm that
Kenya has experienced a warming trend of approximately 1.0°C to 1.2°C since the 1960z, In particular, drier
areas like Tigania and lower Imenti have seen even mare pronounced increases, with temperaiures rising by up
o 1.5°C, Historically, extreme lemperature events have been recorded in the county, with notably high
temperatures in 1969 and 1989, alongside low lemperatures in 1962, 1964, 1976, and 1983

Precipitation patterns in Maua County have also shown significant changes. Historical data ind cates a moderate
decline in rainfall during the long rains season {March-May}, while the short rains (October-December) have
experienced a slight increase, Extreme precipitation events, such as significant flooding in 1972 due to
exceptionally high ramnfall, have been noted, Conversely, periods of decreased precipitation hove led to severe
droughts in years like 1962, 1976, 1980, 1982, and 1984, Research conducted for the Mount Keva East Region,
which includes Maua Municipality, suggests an insignificantly declining trend in overall ann :al precipitation
from 1989 to 2019. More critically, studies corrohorated by local community perceptions indic ate a s gnificant
reduction in the length of rainfall seasons and, in some analyses, a decrease in the number of rainfil $Ea50NS
per year. This shift means that even if total annual rainfall does not drastically decrease, it often falls over
shorler, more intense periods, leading to rapid runofl” and erosion rather than effective water infiliration, The
increasingly erratic nature of rainfall poses a fundamental chal lenge to the region, making traditi wnal ag fculiural
planning highly risky.

The transition from predictable seasonal rainfall pattcrns to erratic extremes necessitates a poradigm shifi in
adaptation strategies. Farmers historically relied on 2 bi-modal rainfal] pattern, which is becom ng increasingly
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unreliable. This shift requires moving beyond merely coping with "less rain® 10 actively managing
"unprediclable, intense bursts” of precipitation alongside "longer dry spells.” Consequently, integrated water
management approaches arc essential. These approaches should encompass not only water harvesting and
fficient water use but also robust drainage systems and soil conservation measures designed to maximize water
infiltration and minimize erosion during intense rainfall events.

Mareover, the observed increases in temperature significantly amplify the impacts of altered precipitation
patterns. Rising temperatures lead to increased evapotranspiration, meaning that even if rainfall totals Temain
constant, less water will be available for crops and human consumption due 1o higher evaporative demand, This
compounding effect highlights the critical need for efficient irrigation and comprehensive water conservation
measures for both agricultural and urban systems in Maua. Additionally, heightened temperatures increase the
risk of heat stress for both human populations and livestock, adding another layer of vulnerability 1o the

municipality.

In summmary, the changing climate dvnamics in Mana Municipality present significant challenges that require
proactive adaptation strategies. Addressing the complexities of water management, agriculural planning, and
overall resilience against climate variability is cssential for the region's sustainability.

Table 9: Current and future hazards levels for Mana Municipality
Hazard Cugrent AE055P2-45 | 205085P5- ‘ 00sspP2- | 210085P5-

bassline 4.5 8.5

Interpretation of hazard levels

Mana Municipality faces significant risks from pluvial flooding and drought, both identified &= key hazards due to their
likelihood and impect. Pluvial flooding threatens +feastructure and safety, while drought jeopardizes agriculteral
productivity and water availability. Cither hazards, such as fluvial flooding and extreme wind, are considered lower
peiority, highlighting the need for targeted adaptation strategics.

2.4 Changes in Precipitation Patierns

Mana Muonicipality in Meru County e pericnees a bimaodal rainfiall pattern, with long rains {March-May) and short rains
(Detober-December), However, climate change has led to noticeable changes in rainfall pattems.
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Rainfall has become more variable and unpredictable, with delays in the onset and early cessation of rairy seasons, T
marty cases, rminfall now ocours in short, intense storms followed by long dry spellz, rather than being evenly distributed
throughout the season,

There has also been an increase in extreme rainfall events, which can cause flooding and soil erosion, as well as langer
dry periods that contribute 1o drought and warer shontages.

These changes affect agriculture, waler availability, and livelihoods, increasing climate risks for communities in Maua
Ml pality.

For this Urban Climate Risk Profile, hazard levels should be frterpreted in accordance with the table below.

] L S M =T s f'

that are likely 1o m.-n:u-r_'.-.\-'ilh high frequency and/or intensity
izard events that are likely to occur with moderate frequency and/or intensity
laza=d events that are likely to oceur with low frequensy and'or intensity

2.4 Climate and Agro-Eeological Context of Maua Municipality

Maua Municipality is located in lgembe South Sub-County within Mers County in eastern Kenva. The
municipality lies on the eastern slopes of the Nyambene Hills, north of Mount Kenya, at an elzvation of
approximately 1,500-1,700 meters above sea level. This relatively high altitude gives the area 2 moderate
tropical highland climate characterized by mild temperatures and relatively reliable rainfall compered to the
drier northern parts of Kenya. The landscape consists of gently stoping hills and valleys that influencs drainage
patterns, land use. and agricultural practices in the municipality.

The climate of Maua Municipality is gencrally moderate, with average temperatures rangingz between about
I8°C and 24°C throughout the vear. Temperature variations are relatively small because of i mun; ¢ipality’s
altitude and proximity 1o highland ecosystems. The warmest months usuall ¥ oecur between Jar vary and March,
while cooler conditions are experienced between June and August. These relatively stable temperatures suppaort
year-round agricultural activities. However, gradual increases in tem perature associated with climace change
may lead to increased evapotranspiration, affecting soil moisture levels and water availability.

Rainfall in Mava follows a bimodal pattem influenced largely by the scasonal movement of the Inter-Teopical
Convergence Zone. The ares experiences two main rainy seasons: the long rains between March and May and
the short rains between Cetober and December. Average annual rainfall ranges between approximately 1,200
mm and 1,600 mm, which gencrally supports crop production and livestock rearing. Despite this relatively
adequate rainfall, increasing variability in rainfall patterns—including delaved onset o rains. uneven
distribution, and occesional intense storms—yposes challenges for agricultural planning and water resource
management.

From an agro-ecological perspective, Maua Municipality falls mainly within the Upper Midland agro-ecological
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zones of Kenya, which are considered medium to high agricultural potential areas. These zones are characterized
by moderate rainfall, favorable temperamres, and relatively fertile soils suitable for a variety of crops. The soils
in the area are largely volcanic in origin and are gencrally deep, well-deained, and moderately fenile, supporting
both subsistence and commercial agriculture. However, in areas with steeper slopes, spils are susceptible w0
erosion, particularly during pericds of heavy rainfall.

Agriculiure in Maua Municipality is predominantly smallholder-based and relies heavily on rain-fed farming
systems. Farmers grow a variety of crops including maize, beans, bananas, and horticultural crops such as
vegetables and fruits. The arca is also widely known for the cultivation of Miraa (Khat), which serves as a major
cash crop and an important souUrce of ingome for many households. L ivestock keeping, particularly cattle, goats,
and pouliry, is commonly practiced alongside crop farming as part of mixed farming systems.

Despite the favorable agro-ecological conditions, the municipality faces several environmental challenges that
influence its climate risk profile. These ivelude soil erosion on sloping lands, land degradation due to continuous
cultivation, and deforestation in surrounding hill areas. In addition, some water sources such as streams and
springs are becoming less reliable during prolonged dry periods. These environmental pressures, combined with
increasing ¢limate variability, heighten the vulnerability of local livelihoods that depend heavily on apriculture
and natural resources.

Overall, the climate and agro-coological characteristice of Maua Municipality provide relatively strong
agricultural potential but also expose the area to climate-related risks. Variability in rainfall, changing
temperature patlemns, and environmental degradation can significantly affect agricultural productivity, water
availability, and ecosystem stability, Understanding these climatic and agro-ecelogical conditions is therefore
cssential when assessing climate fisks and developing appropriate adaptation strategies for sustainable
development in the municipality.

Historical Climate Hazards and Trends

Maua Municipality has experienced a range of climate-related hazards over the past few decades, which have
had significant impacts on infrastructure, livelihoods, and vulnerable populations. The municipality's histerical
climate trends indicate increasing variability in both rainfall and temperature, contributing to heightened climate
risks,

Flooding: Low-lying arcas along dvers such as the Mboone have historically experienced flash floods during
periods of intense rainfall, particularly during the long rains (March—fay]. Severe flooding events have led to
damage to roads, bridges, and drainage infrastructure, disruption of businesses, and temporary displacement of
residents, especially those in informal settiements near drainage channels.

Dreught and Water Stress: Maua has also experienced recurrent dry spells and droughts, particularly during the
short rains (October—December) when rainfall is delayed or below average. These events have resulted in water
shortages for both domestic consumption and irrigation in peri-urban farming areas, affecting household
livelihoods and food security.

Extreme Heat: In recent vears, heatwaves have become more frequent in urban centers, gspecially in densely
populated neighborhoods with limited tree cover. These events increase heat stress amung vulnerahle groups,
including the elderly, children, and outdoor workers, and exacerbate Waler demand.

Landslides and Soil Erosion: The municipality’s hilly termin, particularly in the northern and western highlands,
has experienced landslides and gully erosion during heavy pains. Areas with steep slopes and deforested land
are especially prone, causing property damage, road blockages, and loss of arable land.
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Observed Climate Trends: Analysis of historical data for Maua Municipality indicates;

* Increasing rainfall variability: More intense storms w
*  Rising temperatures:

higher evaporation rates.

= Shifis in seasonal patterns: Delayed onset of rains and lon
agriculture,

These historical trends highlight the vitlnerability of Maua Municipality to climate hazards nd umiderscore the

Imporance of integrating climate adaptation steategies into urban planning,

management frameworks,

ith short-duration heavy rair fal|,
Gradual increase in average annual lemperatures,

ger dry spells, affecting water supply and

infrastructure dey elopment, and risk

Table 10: Historical Hazard Timelines
- YearPeriod Hazerd type location Social impacts | Physical imp cts ]
1992 Mood Iriene, Makiri Displacement of | Roads and br dge |
and along households damage
_ mboone river
1995 Drought Peri-urban areas | Reduced food Minimal phyveical
security damage y ..
1998 landslide Kithetu and Households Road and retsining
Kaadu affected wall damage
2002 flood Central Maua Households Blocked drair ages
i _ displacement i
20035 Extrerne heat Urban center Heat stress No major physical |
: damage
2008 Mood Makiri. maua Households Road and drai iage
stadium, mava | displacement damage
center
2011 drought Pre-urban areas | Food insecurity | N/A :

2016 Flood Maua center, Households Roads and drainage
s Makiri, Iricne displacement damage =~
2020 Flood Maua center, Household Roads and dra nage

maua stadium displacement | damage, Ak
2023 Flood Maua center Households Roads and drainage
displacement damage

Climate trends show declining rainfall between 1985 and 2015 with projections of increases from 2040 onwards,
Temperatures and CDD have also consistently increased as illustrated
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Figure 3: Rainfall, Temperatures and Drought Trends
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2.6 Fxposure and Vulnerability Profile

The exposure and vulnerability assessment for Mava Municipality identifics urban elements, populations, and
natural assets most at risk from climate hazards, Urban residents, particularly those in informal settlements
along riverbanks and low-lying arcas, are highly exposed to flooding, landslides, and waterlogging, while
critical infrastructure such as roads, storm water drainage, water and wastewater networks, encrgy systems,
schools, and healthcare facilities face medium to high exposurc. Vulnerability is elevated among low-income
households, women-headed households, children, the elderly, and people with disabilities due to limited
adaptive capacity and sensitivity to hazards, Natural assets, including urban green spaces, wetlands, and rivers,
are moderately exposed and susceptible o degradation, while peri-urban agricultural and agroforestry systems
face sensitivity 1o droughts and erratic rainfall. Overall, the municipality exhibits varying levels of exposure and
vulnerability, highlighting the need for targeted adaptation measures to enhance resilience across populations,
infrastruciure, and ecosystéms.

Tahle 11: Kev exposed groups and systems — Mauz mu nicipality

Group/System Exposare \ Vulnerahility Factors |
' Smallholder Dependence on rain-fed agriculture makes | Fragmented land holdings, limited access |
Farmers them highly susceptible Lo droughts and to irrigation, inadequate climate
erratic rainfall, information, and declining soil fertility.
Informal Operate in open-air markets and street Lack of formal structures, poor wasle o
Traders corridors prone to flooding and extreme management, and inadequate drainage
heat. 5y slems. )
Transpori Roads, bridges. and bus terminals are Insufficient maintenance, cnoroachment
Infrastructure vulnerable to damage from foods and on infrastructure, and limited stormwater
| inadequate stormwalce management. LY SICTS. |
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Low-Income | Reside in dénscly populated informal Limited sccess to essent al services, |
Households setllements with poor housing and ncome insecurity, and inadequite waste
infrastructure, and water systems,
Water Supply | Reliant on rivers and springs affected by | Encroachment on water E:Er:ms,
Systems ertatic rainfall and sedimentarion. unregulated land use, and incrensing
demand for water resour s,

2.7 Vulnerability
Vulnerability refers to the degree to which the municipality and its residents, infrastructire, economy, and
ecosystems, is exposed Lo, sensitive to, and unable to effectively cope with the adverse effect: of climate change
and climate-related hazards. It reflects how climate risks such as floods, droughts, heatwaves, and storms impact
the municipal urban systems, and how local conditions, such as poor infrastrecture, Timited resources, weak
governance, and social inequality, affect the municipality's ability to adapt and recover. The vulnerabilitics
arising from impacts of climate change at the Municipality include:

Livelihood Dependency

The livelihoods of residents in Maua Municipality are highly dependent on sctivities that are sensitive: to climate
hazards, with ficoding identified as the primary sk,

Agriculture: Most households rely on small-scale farming, including miraa (khat), maize, eans, vegetables,
and fruits. Livestock rearing, cattle, gouts, and poultry, is also common. Flood events can de stroy crops, wash
away topsoil, damage irvigation infrastructure, and increase the risk of livestock loss, dircetly reducing
houschold income and food SECUrity.

Trade and Small Businesses: Local markets and roadside businesses are critical sources of income for many
residents. Flooding disrupts transportation, damages market infrastructure, and limits access to customers,
resulting in significant income losscs, especially for those trading perishable goods such as vegstables and fruits,
Public Sector and Formal Employment: Employment in municipal services, schools. and ealtheare iz less
directly affected but can still suffer durin £ floods through inaccessible workplaces, damaged i frastrecture, and
interrupted service delivery.

Implications for Climate Bisk: The dependence on flood-prone agricultural and trade activities makes the
population highly vulnerable. Recurring floods exacerbate poverty, disrupt livelihoods, and hinder long-term
economic development. Strengthening food-resilient infrastructure, early warning system:, and ‘ivelihood
diversification is therefore critical to reducing vulnerability in Maua Municipality,

Health Risks and Exposure

Residents of Maua Municipality are exposed to multiple climate-related health risks, including those from
foading. droughts, and exireme weather events. Floods contaminate water sources, increase walerhorne and
vector-bore diseases, and cause injuries and trauma, while droughts reduce access to safe drinking water and
exacerbate malnutrition. Extreme heat events can lead 1o heat stress and aggravate chronic illnesses. Vulnerable
groups, incleding children, pregnant women, the elderly, and those with pre-existing healtt conditions, are
disproportionately affzcted. Limited healthcare access, damaged infrastructure, and inadequate pubiic health
systems further amplify these risks, highlighting the need for resilient healthcare services, early warning
systeins, and community health preparedness,
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Migration Pressure

nfana Municipality faces increasing migration pressure driven by climate-related hazards, particularly fooding
and drought, which dissupt livelikoods and reduce access W hasic services. Loss of crops, livestock, and income
forces some households 1o relocate temporarily or permanently io less-affected areas, while urban cenicrs within
and beyond the municipality experience increased demand for housing, jobs, and social services. This movemen
<irains existing infrastructure, exacerbates competition for resources, and can heighten social tensions.
Vulnerable populations, including low-income famnilies and informal settlement residents, are the mast affected,
highlighting the necd for integrated climate adaptation, disaster risk management, and urban planning siragegics
to manage population displacement.

Infrastructure Vulnerability

Maua Municipality's infrastructure is highly vulnerable to climate-related hazards, particularly flooding, which
damages roads, bridges, drainage syslems, schools, healthcare facilities, and public utilities. Ercsion,
waterlogping, and structural damage disrupt transport networks, limit aceess to essential services, and increase
maintenance costs. Informal settlements and poorly planned urban areas are most at risk. while encrgy, water,
and sanitarion systems are often overwhelmed during extreme events, The vulnerability of eritical infrastructure
not only threatens public safety and service delivery but also undermines economic activitics and resilience,
emphasizing the need for climate-resilient planning, regular maintenance, and investment in adaptive
infrastructure.

Increased Urban Valnerability and Informal Setflement Risk

Urban areas in Maua Municipality are increasingly vulnerable o climate-refated hazards, particularty flooding,
due to rapid population growth, unplanned expansion, and inadequate drainage systems, Informal scitlements
are the most at risk, as they are often located in Jow-lying or flood-prone areas and lack resilient housing,
canitation, and access to essential services. These conditions exocerbate exposure to waterbome diseases,
injuries, and property loss, while limiting residents” capacity 1o recover from disasters. The concentration of
populations in vulnerable urban zones also places pressure on infrastructure, public services, and emergency
response systems, highlighting the urgent need for integrated urban planning, improved drainage, and targeted
support for informal settlement communities.

Hazard Hotspols

Maua Municipality, located within Meru County, is experiencing increasing exposure (0 environmental and
public health hazards due to its urban growth, topography, and infrastructural limitations, Certain areas within
Maua Municipality have been identified as hazard hotspots, where climate-related risks are concentrated and
pose significant threats to lives, livelihoods, and infrastructune. Low-lying rones along rivers and drainage
channels are highly susceptible 1o flaading, while poorly drained urban neighhorhoods and informal settlements
experience frequent waterlogging and property damage, Agricuftural areas on steep slopes face erosion and crop
loss during heavy rains, and drought-prone zones suffer reduced water availability and food insecurity. These
hotspots often coincide with high population density and critical infrastructure, amplifying the potential impact
of climate hazards. Targeted interventions, such as flood control measures, slope stabilization, resilient
infrastructure, and early warning systems, are cssential to reduce vulncrability in these high-risk arcas. The key
hazards include Floods, landslides, drought, public health risks, and poor waste management, concentrated in
specific zones of the municipality as shown in figure 4 below.
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Figure 4: Hazard Hotspots of Igembe south
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3.0 EXPOSURE & VULNERABILITY ASSESSMENT
3.1 lntroduetion

An exposure and vulnerability assessment helps identify the people, seCLors, and systems that are most likely
to be affected by climate-related hazards, In Maua Municipality, this assessment examines how climate
hazards such as droughts, floods, erratic rainfall, and rising temperaiures affect livelihoods, infrastructure, and
natural resounces.

Exposure refers 1o the presence of communities, cconomic activities, and ccosystems in areas that may be
affected by climate hazards. In Maua Mun icipality, many households depend on rain-fed agriculture and
siatural water sources, making them highly exposed to climate variability. Vulnerahility refers to the degree 0
which these systems and communities are susceptible to damage and their ability to cope with or sdapt to

climate impacts.

Understanding the level of exposure and vulnerability in Maua Municipality is important for identifying the
mast affected sectors and developing effcctive climate adaptation and resilience strategies.

3.1 Urban Elements

In Maua Municipality, urban elements encompass the key components of the town that anc exposed to climate
risks. These include people, infrastructure, public services. economic assets, and natural systems, all of which
are essential for the municipality’s functioning and socio-economic stability.

The selection of these elements for the exposure and vulnerability assessment is hased on three criteria: their
importance to urban operations, their sensitivity to climate hazards, and the availability of relevant spatial or
sectoral data, Elements identified as critical and marked “Yes” are included in the Risk and Climate Risk
Assessment (RCRA) for detailed analysis. This approach cnsures that the assessment focuses on the sectors
and assets most valnerable to the impacts of droughts, floods, heatwaves, and unpredictable weather
patterns that are increasingly affecting Maua Municipality,and are analyzed further in subsequent sections.

Table 12: Urban elements inventory on Flooding

Starmwater Channels, culverts, and pipes;
drainape conveymnee | Y heat may increase evaporation,
network recucing cificiency of drainage.
?Jmmr_:nw::ﬁ m Retention  ponds/detention basins;
e R — Y higher femperstures iTCromss
i evaporation, lowering  stoTage
= | CapacTLy. |




incregse

fempernture  rise  may
dmnmrdamigﬂﬁ_limu]ﬂﬁs&

bt Y Baoreholes/wells; surfac: warming
$ b : ¥ }T:l}:hj.w witer table, reducing
Water solid  waste  and ¥ Filiration and chlorinat on; higher
s waier | Y eimperiture - may affect ey
£ Wasneiat [ tresiment faciHilies quality and treatment ef iciency.
M I Wiitar supply M Pipes and distribution nstworks: heat
i Y il cause pipe expansio s and loaks,
Sewer networks N NiA
solid waste and waste A Ponds and treatiment plaiits; mic-obial
water | N efficiency may change with Figher
treaimient facilities lemperatures.
il M Collection points; heat ac celeraies
Trarefor Bl tics = decomposition and odor.
Landfills and dump v Y Methane  emissions  incroase
Bolid  Waste | sites under higher temperarure s,
Management Recveling centers NiA
M Vehicles may experience overhesting;
Collection fleat h'd fuel efficiency affectad,
Y Asphalt soflening and rutiing; hes:
Wl stk £ affeets maintenance frequency
] Y Thermal expansion stress:s joints and
Bridges Y materials,
Puhiiz transpart Y Bus and mini-bus networks; heat can
networks (rail, bus, | Y reduce reliability and passenger
miini-bus, efe.) comfion. _
Ti [mﬂf and Transponation v M Exposure 1o heat: infrastmcture
termi nals e ion and safety coreems, |
Vehicle depots NA N
Mon-motorized v N Heat  redoces  usahility  and
transport networks pedestrian comfiet,
; = N Heat-sensitive goods  require
Er;;ghlaml ogistics ¥ fvitigation; worker safety mpacted,
Energy power plants | MiA ==
Poles  and  power ¥ X sagoing and ethiciency loss during
lines high heat.
Energy Transfommers and ¥ Y Temperature rise reduces i fespan ind
substations increnses failure risk.
s M Higher energy demand ard heat
Streetlighting ¥ Stress on equipment. !
¥ Heat  affects  vendos arwl
Econamic S b petishable goods storage,
Infrastructure Businesses and ¥ W Indoor  heat  increases enery

commercial hubs

demand und reduces produ tivity.,




m'“'m'h"hmld'ﬁ v ¥ Heal. impis worker efficiency and)
rdta e b ledime comfort.
Y Studint and
Education faciliies | Y attendance may decling during
heatwaves.
Social : Y Heat increases patient load for
Infrastructre Healihou ficilities ¥ heat-related ilinesses.
il g ¥ Y :gianahltlty and thermal
Faith-based ¥ N Gathering spaces; heat affects
buildings comfort and attendance.
Cultural and heritage | Y Heat accelerates mterial
ets depradation of historic structures.
. , M Heat may increase fire risk and
: ™ Heat affects staff efficiency and
iﬂimﬂﬂﬂﬂlﬁ Y nfrastructure.
Telecommunications | Y Equipment heat-gensitive;
= netwinks cantages possible
sﬁw Early warming | N Sensors and equipment may be
SYSIEmS affiected by heat; reliability critical.
[isasier Management N
Heat reduces  comfort  and
centers and shelters Y capacity of shelters,
M Heal may  reduce safety  and
Evacuation roufes . 2 AR

™ Exposure to heat waves; incregsed
; Population y morbidity, mostality, and energy
Urhan Residents demanl. .
¥ Houzing gqualily nffects
Heineholds v vulnerability to heat.
T ; Y High vulnerability: peor housing, no
Population living in : v
. i fgenrts b enoling sysiems, limited waler acCess.
Informal Housshelds lacking v M Legal insecurity limils adaptation
Setilement land tenure MEAsAres.
Residents ﬁ.‘“"-“""l S m'é H Limited wter, sanitarion. elestricity
cces th besic b increases heat vulnerability.
gervices
Lonw-incoms M Limited capacity 1o cope with heat
Vuhﬁtﬁh}::&mﬂ househalds Y SHEES,
EI‘“E nall Women-headed Y M Greater vulnerability due to social
G hougeholds and econamic Tactors. ]
Childrenand youth | Y N Physiologically sensitive 1o heat |
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N
morbiditymortal
People with ¥ Limited  mobility/access: hizar
diszbilities (PWD) exposure risk higher,
Homeless populations v M Direct exposure to heat with no
shelter.
mZm
;Imm!ﬂlidemp]uwﬁ: v i Limited adaptive capacity to cone
Wafkers with heat impacts.
Seqsonal workers / v M Temposary  shelters  may  lack
migrant lnborers eooling. ===
Momadic groups in v M Exposure t©o heal  in  informal
peti-urban areas seftings.
Urban refugees and v M Limited resources to cdapt i
_mirants : rising temperstures.
ﬁtﬁ:w i H}wt::f v M Vulnerable dug to socio-eeonamic

ATeas marginalization,
Urksin  parks  and ‘NFA

| gandens N
Urban  Green | Green cormidors N KA
Infrastructure Street landseaping N MiA
Urban forests and N NA
foresit reserves
. i v Y Reduee local fEnperatr ss;
provide witer
; Y Cooling  effect;  watcr  supply
ki % impacted by evaporation
. ¥ Support biodiversity and reduce heat
Uivkian Blye | FiPasian zones o _
Infrastructire Y Surfiace water provides k cal cooling
Lakes, ponds  and ; J
Pesefyoins Y heat increases evaparation.
Coastal ecosystems N NIA
5 M Bensitive 1o heat stress; Jields
Hsha dytiodiivg x decline with temperature increase
Peri-urban ¥ W Productivity declines undr rising
_agriculture temperatures, :
Agrofiresiry v M Provide shading, mitigaiz heat,
Peri-urban and | systerns support resilience.
Agricultural Foresls and forest v N Tempernture regulation, carbon
Systems PESErv s sequestration, = —
Protected areas and N hA
national parks
Suvanmishs arnd N MYA
rangelands =+ =
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Table 13: Urban elements inyentory on

Landslide

Availahle
Inchuded .
o S in  GIS | Description / Relevance to Changes In
C Su i
mieeory vegoey o Format Precipiiation Patterns
(YiN)
(VIN)
| Infrastrocture )
_ | Stormwater Drainage M
& Services
Chanmels, - culverts, pip-:.s, susceplible 1o
Stormwater drainage ¥ 3 flooding during changes in precipitation
eonveyance network patterns; maintenance eritical for Very High
events,
B Retention _ ponds/detention basins;
Siormwater storage Y Iy vartability in rainfall affects storuge anid
flood mitigation.
_w Increased rainfall may cause overload o
ater
flooding; Droushi{ meteorological/lydro icaly
Pumping stations ¥ N i { s e
reduces water availability.
& Wastawater
Management
Giroumidwater " B Leos recharge durin]rd:j.- spells; excessive
ahstraction rainfall can lead 10 contaminstion.
' solid waste and waste o
| Flooding can disrupt operations: sadiment and
winler treatment | Y Y
_ runci¥ affect water quality.
facilities
Leaks and pipe breaks may increase during
Water supply y ¥ variable rainfall;
nebwiorks Dm-ghﬂmﬁmmlngim-hyﬂmlngimn
| reduces supply.
changes in precipitation palterns Can canss
Sewer networks Y H overflows; dry periods reduce flow
wifecting treatment,
Solid  waste and
vulnerable 10 flooding, reduced flow during dry
wisto water | Y M
. spells affects microbial processes.
treatment facilities
Solid Waste Flooding may distupt waste collection;
Transfer facilities ¥ N s S
Mlamagenrent | waste contamination risk increases.
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| changes in precipitation -z can catise

Landfills and dump leachate overflow:
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incrénses fire risk,
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LI Vehicles may be affected by imgessable
roads during Very High rain Sl evens,
changes in  precipitation pattens  causes

T n i ion;
ranspo . S 1 L Mooding amd ETOSI0N,
and Maohility Druuglﬂﬂm:umhgiwl-‘hyd-ulugjﬁ.l} can
lead to dust hazards,
Increased flow  from  chanzes in

Bridges precipitalion patterns may dumage Pridge
Structures; sedimentalion risk.

Flnadin ili ice;

Publix ranspost ’ g i
Drought{meteorologicalhydn logical | reduces

neTworks
Witer-dependent operations.

Trinsportition Floods may interrupt operations;

terninals accesgibility affected by rainf |l variability.

T Vulnerable 1o localicad  flooding: |

calc Er
o maintenance may be affected.,
Pedestri hways and cycling la

T rian pathways and cycling lares may
be waterlogged during chanes in

ITAr=porT networks Pl
precipitation poticms,

Freizht and lopistics Flooding can affect gumﬁ_!rmqa-nn and |

hthes storage; supphy chain disruptions,
Hydropower may fuctuate with rainfall

Energy Energy power plants diesel plants affected by acoess duding
flonds,
Flooding may cause soil eroeion around

Poles and power lines

poles; wind and rain may damage lines.

Transfnt‘m::ﬁ and
subsiations

Susceptible to water damage di ringﬁ.v_-.r

FAmE,

Streetfighting

Flooding may  damage instalfations;

maintenance acoess disrupeed. |




[ Economic Flooding may damage pgoods wvariabie
Markets Y .
Infrastructure rainfall affects local food supply.
) 8.4 Flooding disrups OpErations;
P : M Dmught{mmenmlugiwlﬂndm-!ngml} affects
commercial hubs :
water-dependent businesses.
Iidustrial " 2
! ¥ Flood risk impacts operations and storage;
pomes/ parks’ istes
. orccipiiation variability affects planning.
parks
_s A Government buildings Flooding disrugts services;
oA .
I and service Y Dmuﬂﬂm&nmlngimﬁydmlaglmli fay
Infrastriciur: .
centers reduce water availability.
[ Gohools may close during floods; water
Education facilities ¥ 2 :
shortagres atfect hygiene,
B Flooding restricts access; increased water-
Healthcare facilities ¥ _ )
barne disease during variable rainfall.
Parks and recreafion  ameas  may be:
waterlogged;
Public spaces Y ; ;
Dmughl[mmmlmgmalm}'d:ﬁugmn
reduces usability.
Floods affect eTings: Wwatef 2carc ]
Faith-based buildings N : gillaiac. x
limits services,
Flooding ard changes in precipitafion paflemns
Cultural and heritage i may damage historic sites;
Assens ¥ Drought{meteoralogicalhydrelogical) may
reduce maintenance water supply.
Flooding Timnits ACCEss;
Emergency N : P
. Fire stations ™ Ennughlﬂ:mmﬂrﬂhgmuiﬂwdmlﬂgmﬂlj increases
Scrvices :
fire risk.
Operations may be disrupted by floods:
Police stations !
access limited,
Telecommunicaticns £ Flooding may damage  infrastruciore;
networks rainfall affects mainienance.
Critical for flood and
Early Warming N Drought{meteorological/ydrological) mEC i N
sySIems sensor reliability affected by
1 Very High rainfall. J

4



|_ Disaster management | Flooding may reduce ahﬂ'?t&l:uu:iw;
Centers Y N Droughtimeteorologicalhydr logical )
and shelters increases demand for relief,
Roads may become impassale durlr@ changes
In presipitation patterns; plan ing necded  for
Evacuation routes ¥ N ' Drought{metecrclogicalhydr fogical
evenis,
| Flooding _aflects howsing _ and heali |
Populations Urban Residents Y N Droughtimetecrnlogical/hydro logical) reduces
water availability.
Hiimatiolds ¥ e Infrastructure and waler scosss detemine
vulnerability to precipitation variabiliy.
Informal ] ;
Population  living in High exposure to Moods; poor drainage; water
settlement ¥ M
_ informal settlements contamination risk,
Residenits
Cannot imvest 4
Houscholds  lacking
Y N flood/Droughtmeteorological wdreogical)
Land tenurs
mitigation; highly vulnerable,
Floods  affect  water, nitation,
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clectricity focess;
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] Droughtmeteoralogical hydrol zical)
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affects water supply.,
Wulnerable and Linitod i N
i 10 nes It or
Marginalized | Low-income households B e
Y M Drought{meteorological hydrol gical) events.
Groups
Women-headed - = Vulrerable to  displacemen:  or  water |
househalds searcity,
Increased  exposure o walerbome
Children and youth ¥ M
digeases and heat stress.
Higher valnerability to Very Figh weathe |
Elderly persong Y N ; e i A ]
and water shortages.
People with v " Limited mobility increases caposure 1o
disahilitics (PW) | floods,
i Homeless 5
. Y ‘I N Diirect exposure to rainfall varishi iy, a3
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U ed
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[ s
emploved workers
| Seasonal workess / ' Temporary sheliers exposed to floods and
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Nomadic  groups N " el prowction | fom  varible |
peri-urban areas precipitation.
i Urban refugees  and : ;
: N Limited resources increase eXposure,
migranis
| Minority efhnic i Soclo-sconommic marginalization increases
groups in urban anas vulnerahility.
Matural Lirban Gireen ® h
Assels Infrusiricturs
' Absark prem—
Urban  parks  and .
M Dm:ght{mmfnlagmbhyﬁulngimn reduces
gardens y
greenery effectivensss,
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Green coridors N Ol IR
flooding.
Reduces surface muneff vulnerable o
Strest landscaping M : _
Droughi{metecralogical hydrological).
Provide flowd control and
Urban  forests  and N evapoiranspintion
forest reserves Droughtimeteorologieal hydralegical)
reduces nesilience.
Store flawtwater;
Urban  Blue
Matural wetlands M Droughtimeteorological hydrological) reduces
Infrastrecture .
wiler relenteon.
Flooding can damage  infrastructure;
Rivers i reduced flow in
Drml;!;hi{m:;tmmll:rgimbhﬁﬂlngi-:ﬂﬂ.
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Retain precipitation;
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Constal ecosystems M Mot applicable for Kathwana. =)
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[ Flooding destroys Crops;
Urban agriculture N Drought{meteorologicalydre ngical) reduces
yields,
Peri-urban =
Sy Crop loss floods;
Peri-urban agri e
Agticiltat i=urban agriculture W heat/ Drought{metearclogicalk drodogical) siress,
Systeins
Flood  mitigation  and  microclimate
i : I 2
" L— ” regulation; Droughifmeteoralog ical/ redogical)
stress possible.
Absorh  rainfall
F e Exeess rainfal
¥ Droughtimeteorological/hydrol gical) isereases
TESErVas
fire rigk.
Piotecied areas and 2 Ecosystem services regulate vater flow,; i
national parks vilnerable to precipitation Very Highs=.
A and Floods may damage grizing  aeas |
N Dmlgjlt{nﬂmrulu-giml-'h}dmlngimlj readuces
rangeiands
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Table 14: Urban clements inventory on Drought
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5 formpt
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water availability for reuse;

channels may dry up.

Storage ponds retain less
water due to low rainfall;

il eV apoTation exacarhates
scarcity.
I Drought  reduces
Water WaLeT supply;
Wastewaler Pumping stafions increased pumping demand
hianagement stresses infrastructume.

Groundwater abstraction

Wells and boreholes may

run dry: over- extraction |
Tisks

aquifier depletion.

Water treatment facilities

Reduced  inflow  from
ZOLNCES; waler

queality may warsen dug o
concentration of pol luants.

Water supply networks

Reduced  supply  from
TESEryOirs and
boreholes; stress on
distribation sysiem,

Sewer netwaorks

Low flows may affect
sewnge conveyance; risk of
blockages.

Wastewaler ireatment
facilities

Reduced inflows
affiect Ireatimen
efficiency; concentrale

pollutants,
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Solid Waste
Manageimer:

Transfer facilities

Water  scarcity may
hinder canilation
operations;  collection
miy be delayved.

Landfills and dump sites

Drrought i;cr'ﬂﬂs&: fire
risk and decomposition
rales, affecting safary,

Recycling centers

Limited water supply
may affect  clesning
and proces:.ing,

Caollection fleet

—

Heat and waker
scarcity Iy
increase mamtenance

challenges,

Transport and
Mobility

Road networls

Dust and cracking dug |
to heat;  droughs
reduces sal stability
Limher unpavisd
roads,

Bridges

Low  watser  flow|
reduces  risk  froam
flooding, bost
vegetation erosion may
affect
Toundsaticts,

Public transport netwoeks

Reduced witer and |
Exireme  heat  moy
affeer vehicle
operation and |
ridlership.

Transportation terminals

Heat  and  water
scarciy reduce




cornfiort; hig]‘?
mainterance demand.

Yehicle depots

Ureerheating risks;
waler scarcity affects

Mon-motorized  franspon

networks

cleaning and
operaiions,

Heat stress  affiects
pedestrian and
cvelist safety.

Freight and logistics hubs

Heat grnd water scarcily
may affect storage,
goods
coolimg, ]
operations,

Energy power plants

Hydropower generation |
miy

reduce; cooling

demand  rises  with

high temperatures.

Poles and power lines

Lo humidity
increases fire risk; heat
stress on equipment.

Tranaformers wred

Reduced cooling
gfficiency during heal
waves: higher failure
risk.

C——

Streetlighting

Energy demand may
rise; drought
inedirectly affects

EHVETanGe:.

ar



Economic
[ndrastructure

Markets

W-a.tcr—dqm l
OpCTATion: and
perishablc gonds
affected; wduced local
supply.

Btisinesses and
commercial hubs

Water sCarcity
affects services and
sanitation: productiviry

may
decline,

Industrial
eomes/parks/logistics parks

Operation:  may  be
constrained by water
shortage; -ooling and
process waker limped,

Social Infrastrecture

Gewvernmant buildings |
| and service centers

Limired water
availability aflects
operations; heat spess
impocts sta:T,

Education facilities

Schools afiscted by |

water hostapes;
hizat impacts

Students” pe forman e,

Healthcare facilities

Higher devand for
heat- amd weter- relited

haaith
services; limited wetor
supply.

Public spaces

Heat redusis |
usahility: waler
features dry out,

Faith-based buildings

H-Eﬂtanduru;_

sCancity aﬁeﬂ




gatherings aned

sanitaiicn

Culiwral and  heritage

Dry conditions miy
increase fire sk and

i material degradation.
Drought increases fire.
Emergency Services! F < risk; water shortages
00
S affect firefighting
capacity.
Heat stress affects |
operations; wler
Police stations '
shoriages impesct
facilities,
Fquipment heat
Telecommurnicafions sensitivity; low waler
networks inshirectly affects

cooling of facilities,

Early waming systems

Critleal for monitoring
drought;  SEN5OCS TNRY
he affected by heat,

Dizaster mAnagEErment

centers and shelters

Water shoriages
peduce shelier

capacity; heal stness
increases demand.

Evacuation routes

Heat and dry
comditionsaffiect
acessibility and
safely.

Populations

Lirban Residenis

High exposure to water
scarcity and heat stress
during drought periods. |
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Households

Reduced WELLT

evailahilit and
sanitaticn:  incraased
vulmerahil v o

droasght impacts,

Informal
Settlement
Residens

Population living
informal settlements

in

Highly vilpe rable;
poor accrss Lo warler
and samclation:  heat

EHPOSLINE,

Housecholds lacking land
tenure

Connot  invest  in
pedaptation
(water storage,
cooling).

IMEHSUNES

Houssholds/residents lacking

aecess i basic services

Water searcity  and
hygiene challenges
intensity curing
drought.

Yulnerahle
Marginalized
Groups

and

Losw-income houseliolds

.:_|.'_

Limited resources to
cope  with  waler
shortages,

‘Women-headed houscholds

Increased vulnerability |
diee to-sccial amd
CCONMNIC GONSTa nis.

Children and youth

Heat and - vater scarcity
affect heafth, nut-ition,

andd
schooling.

Elderly persons

Sensitive o heat and
waler $ireis.

People  with disabilities

(PWD)

Limited  mohility
increases cxposure to
drought inpacts,
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M [rect exposurs (o0 heat
Homeless popukations and waler scarcity.
Unemploved or M Reduced adapdive
precuriously employved capacity: food and
workers water insecurity.
! Temporary
Seasonal wiorkers seeommadalions may
migrant lahorers Inck water or shelier
from heat,
M Limited access to waler
Momadic groups in peri-
during drought periods.
urbian areas
[ N Vulnersble  due  fo
Urban  refugess and
: limited resources and
migrants
social support.
M Bocio-cconomic
Minority sthnie groups in narginalization
urban areas increases drought
vulnerability.
— Tirban Green | N
ural Assets i
Infrastructure
N Dirought " reduces
greenery; heat  stress
Utk parks and gardens ¥ ;
impacts vegetation
survival.
M Vegetation may  dry
Green corridors ot reduced
microclimate cooling,
= ™ Drought reduces 1

Street landscaping

shading and thermal
vom fort.
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Uban forests and forest

FEACTVES

Vegpetation  strossed;
fire risk increases;
reduced conling,

Drving reduces  waler

Lrhan Blue stomagre, BCoEyStem
HMatural wetlands [ Y ,
Irfrastrictue SErVICES, and
cooling.
Low fow: limit water
o hydrolisgical
Rivers b'{ S !
drought apacts local
USE,
Drying reduces
buffer Tuane fioms;
Riparian zones ¥ .
veprebalior slress
increases,
Evaporatii nlm;%?_
Lakes, ponds, reservoirs Y wwaler
avaikability declines,
Coastal ecosyvsiems M Mot appliczhle.
Crop lxses  duning
Lrban agriculture b drought; irrigation
needs rise
Pori-urban and Crop yield declines;
Agricultural Peri-urban agriculbure | Y witer scorcity imits
Syvstems irmgaticn.
Reduced wiler
o . availabilit,;, heat sress
5
il affects tre: growti
Drought increases fire
Foresis and forest :
N risk; re-duces
reserves :
eCnsyalem seryIces,
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—_— Y Water-dependeant
Protected Areas and SCORSIS AR
national parks : i
rises.
M Reduced forage; water
Savannahs e N goarcity  for livestock:
rangelands fire risk,

Table 15: Urban elements inventory on Soil Erosion

Included T Dieseription ! Relevance 7]
Category Subcategory in RCRA ::rm'lms Droughilmeteorologicalivd rological)
/M) {Metearological, Hydrological)
(YN}
Infrastructure . ™
i Stormwater Drminage
M | Low flow during
Stormwater drainage o Drroughiti metearologicalhydrological) reduces
conveyance network water availability for reuse;
channels may dry up.
N Stosage pnm'l;.'reiain less waier due to low
Stormwater storape Y rainfall; evaporation exacerbates
=radih gl
] Droughit meteorologicalhydrological)
s redisces wiler suppsly, increased
Pumping stations Y inngiliie e S
ol infrastruciure,
hanagement
Groundwater " M Wells and boreholes may run dry; over-
nb=traction | extraction risks aquifer depletion.
sofid waste and waste | ¥ Reduced inflow from  sounces: water
water treatment | Y quality may worsen dug o concentration of
facilities | pol lutants.
Water supply & M Reduced supply from reservoirs and
networks boreholes; stcss oy istribation sysicm.
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| Low flows may  iffset  sewage

Sewer networks Y ;
conveyanee; risk of blacka pes.
Bolid  waste and
Reduced inflows  aflzct  reatment
waste water Y |
. | efficiency; concenirate pollutanis.
treatmint facilities
Solid Waste s Water scarcity may hin ior saritation |
Transfir facilities Y ; ;
Management operations; collection may be delayed.
Drought{metecrological by deological}
Landfills and dump ) 5 ) i i ik e
Y increnses fire risk and decomposition
Bibez
rates, affecting safety.
Limited water su may affect ceanin
Recyeling centers ¥ : pply may »
ared processing.
Heat and waer scarcity nay increase
Collaction flest Y
maintenance challenges,
Dust  and  cracking due o heat
T and hefmeteorologicalhy drologizal)
ERONAM | Risad petwerics Y PropghKmateonolcg
Mohility reduces scil stability under unpaved
roads,
| Low water flow medvees  risk  from
Bridges Y II‘dehag, but wepetation erosied may
| alfiect foundations,
Public transport v Beduced water and Very Fligh heal my
netwarks affect vehicle operation and ridership.
Transportation v Heat and water scarcity reduce comfor
termingls | higher maintenance demard.
i = Owerheating risks: water soarcity affects
ehicle depots
cleaning and operstions.
Mon-motorized N Heat stress affects pedestrian and cyclist
Iransport networks zafiety.
Freight and logistics = Heat and water scarcin may affect
fiube storage, goods cooling, anil operations,
Hydropower gencration may reduce;
Energy Energy power plants b cooding demand  fAss  wih  high
temperalures.
| Low humidity increases fire risk; heat
Poles and power lines | Y

Siress on equipiment.




Transformers and Y | Reduced cooling efficiency during heat
substations | waves; higher filure risk.
M Energy demand may rise;
Strectlighting ’I Decught{ metecrologeal hydrological )
indirectly affects maintenance.
Y Water-dependent Operaions and
FRsEpeIL: Markets perishable goods affected: reduced local
Infrastructure e
Businesses and M Water scarcity affects services and
| commeércial hubs sanitation; productivity may decline.
[ndustrial Y Crperations may be constrained by water
eones/parkalogistics shortage; cooling amd process water
pitrks | limited,
i‘: Socrl Gmmrllml o 14 Limited  water  availability — affects
Infrastruciure ML BER e operations; heat stress impacts stafT,
cenlers
Y Schools affected by water shorages,
Education facilities b ek e iie
i Y Higher demand for heat- and wates-
Healthcare facilities related health services; limited water
| supply.
| ¥ Heal reduces wsability; water features
Public spaces ki ik
e ™ "Hent and water scarcity affect gatherings
. Faith-based buildings L e
Cultural and heritage M Dy conditions may increase fire risk and
asscls material degradation.
M Drought{meteoralogical hydrological )
i Fire staticns inereasas fire risk: water shortages affec)
il firefighting capacity.
: M Heat stress affects operations; water
FOREE MRS shortuges impact facilities.
Telecommumications ¥ Equipment heal sensitivity; low water
networks indirectly affects cooling of facilities.




Ead ) Critical for monitoring
waring 4 .
: Y Drrought meteorotogical hy drobogical );
S VEIETILE
i sensors may be affected be heat. |
Dizaster management |
Water  shoriages radlce shelter
e E capacity; heat stress | demand
Iy, 55 ISR 825 0T :
and shelters #
Heat and dry  oooditions affect |
Evacustion routes Y iy :
accessibility and satety.
High exposure to water seproity and heat
" 2 slness during
Populations Uirban Kesidents ¥ ¥ .
Drovghtimetecrologicalfy drologizal)
periods. |
Reduced water a'l.raiial}-ll-ij.' and senitation; |
increased vulner ibility o |
Households Y I
Drroughit meteorologicalfy drologizalh
nmpacts,
. Population. living i Hi 1;1 fnicnble oo ke
ol - Vhinera i b= T =11 RS
5 o . o IVIfg N " g }' [
informal sefilements sanitation; heat exposure.
Fesidens
Househiolds lackmig v Cannat invest in adaptaton meisores
|&rd tenure (water storage, cooling).
Hiomeaehioldsresidents | Water scarcity and hygiens challenges
lacking a&ccess 1o Y intensify during
basic services Droughtmeteorological Ty deological ).
Vulnerable
i Low-mmeome households v Lirnited resources to cope with -aater
Marginalized shortages.
Ciroups
Wiormer-headed > Increased vulnerability dus to social and
households ECONCMIC constraints,
Heat and waler scarcity affect health,
Chikdren and youth Y : 3
riutrition, and schooling.
Elderly peraons Y Kensitive to heat and walen Slress.
| Limited mobility increases exposure 1o
Faone L Drought(meteorologlcalty drologisal)
disabilities (FPWDY) »
| impacts.




Huomeless [ Direct exposure to heat and water
populations | searcity.
5 i Reduced adaptive capacity; food and water
precarously | i

insecurity.
employed workers

S&a.émm] workers

migrant laborers

Temporary accommodations may lack
waler or shelter from heat.

Momadic groups  in

Limited access o water  dunng

Drought{meteorclogical/hydrofogical )
peri-urban areas skl
Urban refugees and Vulnerable due to limited resources and |
migranis social support.
SOCH-SCOnamic marginalization
Minority ethric | imcreases
aroups in urban areas 5 Dreousg it meteorologicalydrological )
vulnerability.
Watural Urban Gireen
Aszets Infrastructure
Drroarhil meteardogicalhydrological ) reduces
N e greemery: heat stress impacts
g wagetation survival.
Vegetation — may dry  out;  reduced
Grecn pormom microclimate cooling.
M . Dirought meteorologicalhydrological)
SRS reduces shading and thermal comfort.
Usban forests  and Vepetation stressed; fire risk increases;
forest reserves reducad cooling.
Urban  Bloe Drying  reduces  water  storage,
Infrastruciure o ccosystemn services, and cooling.
Low flows limit water supply; hydrological
Rivers Drought{ meteorclogicalhydrological)
impacts local use.

Drving  reduces buffer  functions;

vegetation siress increases,

PCSETVINDS

Evaporation ihETB:BE:FE‘, water availability
declines,
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Coastal ecosyslems N Mot applicable,
s SEE N Crop losses during
Urban agriculture Drought{meteorologicalhy dralogical;
irvigation needs nise.
Peri-urbin and N n
Agricultural . : Crop yield declines; water scarcity’ limits
Peri-urban agriculture I
Bwatems irrigation.
M Reduced water availabilitv: heat siress
Agrofreesiry systems ,
afficcts tree growth.
Y Droughti metcorologicaly drological)
Forests.  and  forest gh ; 4
increases fire risk; reduocos ccosystem
MERE 2R
| services,
Protected areas and b Water-dependent ecosystems stresed;
national parks fire risk rises.
Bavannidis and N Reduced  forage; wakr  scarcity  faor
rangelands livestock; fire risk

3.1 Exposare, Vulnerahility, and Impacts of Climate Hazards on Urban Elements

Table 16: Interpretation of exposure and volnerability levels

Urban Elemént

A ! Climate Hazard

Exposure

YVulnerability Likczly Tmpacts

Slormwater
drainage network:  flooding

High

Flooding, blockage,
reduced draimage

S e efficiency

Drought

land=lide

Medium

dedium

Reduwced water
retetion, drving of
chaimels

Mledium

Dariage & open
Low channals,  debris

accirmilation

Loil erosion

Lo

Lirmited direct
Hnpact; minoe
X InEIon Ce o
heat -related
miat-irial

deg adation,

Medium
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riflows,
Stormwater storage floodi figh i D'JE 5
nz damage
Reduced storape
High Meadium due

evaporation
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Sl erosion

Mlediim

D iage ks
abo e-grousd
srwclures

landslida

Low

hledium

Evaporation losses
and

maizrial strase in

slorage tanks.

Water  pumping
stations

Drcighi

| High

High

RBeduead wler
suply, ope-ational
stre 35

Foding Medium

Medium

Flond risk.
tem oy
disrsplion

landslide

| Medium

Medium

Str. ctural damage,

seryice infermuption

Soal erosin

| Midium

Muedium

Incy cased ewrgy
derr ond for
coo g, edquipment
efficiency
redvction.

Groundwater
ahstraciion

Droughi

High

We'ls drving,

reduced recharge,
over-

extraction

Mocing

Cor tamination risk
fror: fleoding

landslide

Pl email dlirect
elffesl

: Sailk ereosin

Medium

High

Drec line in
grosndwater levels
due 10
higlar evaporation
ard
dem and; heat
affets [
peri ormancs,

wiksle wiler
creatment facilities

Drvasght

High

High

Redweed inflow,
walr quealily issues

[Mooding

Wledium

Sedium

Flooding, sediment
boad
alfeting treatmient

al




landslide

Medium

Bledium

Struciusal
damage, rocf
dammage

Lol erosin

Medium

Medium

Thermal  stress
o ecuepment;
reduced efficiency
in
biological treatment
processes.

solid waste

Drought

Medium

Medium

hlodesste

Mhoding

High

High

Catastrophic

landslide

Hizh

High

Catastrophic

Soil erosion

Medium

Medium

Moderate

Willer
netwirk

supply

Drrought

High

High

Reduced supply,
increased leakage
i

Land slide

bledium

Medium

Pipe damage,
flooding  affecting
diztribaiticn

Soil erosion

Medium

Medium

Damage o
exposed
infrastructure

Road networks

[Flooding

High

Medium

Medium

Medium

Flooding, erosion,
accessibility issues

Burface cracking,
dust problems

Mooding

Medium

Medium

[Debris obstruction,
miner  sirectural
dampge

landslide

High

Medium

Asphalt ml‘lm“E
and cracking;
reduced lifespan.

Bridges

S 0il erozion

| High

Iledium

Flood  damage,
sediment
aocumulation
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Drmought

flooding

Mledium

Mirimal direct

effect

Medium

Medium

Darimge 1
exp sed
COIY ponents

Saoil erosion

Mediuim

Mediim

| Thermal exaansion

Siress; joint
dam age.

Public iransport
networks

changes in
et lerms

precipitation

Medium

Bervice distuption,
pou ¢
inac cessibil Ty

Drecauglit

Medium

Mooding

Medium

Medium

Redugad  water-
dependent
opeations

Mledimm

Vehicle and
sheller damnge

Avernge surface temperatures
INCTEASE

Medium

Medium

Reduoced comfort:
inersased

b e and
cooing dengnd

Drooght

changes in precipitation

pittens

High

High

Reduced cooling
efficiency,

by opower

fluc zations

Medium

Medium

Flocding risk o
facilities

flonding

Puledium

Medium

Sfrustural diumage,
power
outaces

landslide

Peleclinian

hledium

Red iced

efficiency;
inerssed oo oling
waler  demand;
oviet heating risk

Poles and power

Drought

Medium

Mledium

Soil  drying can
affiet poke
staks [ty

flooding

Medium

Medium

Floc derosicn
affiizing poes

lanadslide

High

High

Line.  bresikage,

oula es

Soil srosion

High

Mledium

Sagying of lines;
reduzed

trare mission
efficizncy.




Emergency services| Drought

Mredium

High

hdaior

flooding

High

High

hajor

landslide

| Medium

Medium

. Moderate

Baoil erosin

Medium

M edinm

Moderate

—

Pelarkers

de comimercial
huhs

Flooding

High

High

Flooding of stalls,
monds damiage

Drought

High

High

Reduced wwater
availabifity, erop
supply impsct

landslide

Medium

Wedium

Roof and signage
damage

Soil erosion

Medium

Discomfort  and
reduced  activity
during heat;
spoilage of
perishable goods.

Healtheare faciliticsflooding

hledium

High

Flooding, service
desrupticn

| Dirounghit

High

High

Water sn-:!-rtagé,—
heat  siress on

patients

fandslide

Medium

Medium

| Roof damage,

operational
digrupdion

=il erosion

elediurm

High

[nerensed  patient
lgad  from  heat-
related  illnesses;
cooling syl

siress.

Education
facilitizs

flonding

Mledium

Flooding, school

closures

High

Mediom

YWater scarcity, heat
siress
affecting leaming

Tandslide

Medium

Medium

Structural damape
to roofs and
shelters

Znil ercsion

High

Leasning
ey iromment
deterioration; |




hea stress
o st ents.

3 e Floding of
Urban residents changes i PreCERMing High High brories water-
panerns 4
bore disessed
Waler scarcity, heat
Dir : A
ught High High ress, food
insecurity
Sirycivral
i : : dansage o
fosding Mediiim Medium Housing, debeis
haz inds
Higher .mﬂlim
Sl erosion i cos 5 heat stress for
High Mdium vuliizrable
meinbers,
Irifowinial Floddi ! Flonding,
p e zh High High sani iation
ehisraption
Deo . L tted wiler
ught Hizh High | @ocuss, heat
stre s
1 ! : Hevsing  damage,
floccing High High exposire 10 debris
Ver, High heal
exposure dise o
undr sulixted
heaking; hagh
hezalily risk.
Sl . . Low vadoptive
Sl High High capecity;  limited
respurces o cope
with hear
Lack: of watrand
sooling exacerbates
heat valnersbility
s P | Flocd  camage,
b WEE doding High High disription of
livelihoods
Drought ' Watyr  starcity,
High High crop'food impact
Strstural
lanckslide Medium High darm e to
o img
e e s




Limited acoess (o
cooling
f!weq-age surface temperaures High High techniologies;
InCTeEse increased healil
risks
Average surface temperatures I
increase
Lirlbam water A 3
; floodin Flooding,  waier
bodies & e High Medium quality impacts
wetlands
| Reduced wiler |
Drought Hi High levels, ecological
igh 14
siress
flooding linimal direct
Mediim Low effect, minor
debris damage
“Matural wetland Evaporation losses;
- : Am&gﬁ surface temperatures Medium Medium wilgr
AR quality decline,
| Peri-urban . .
agriculture landslide Maditm Meditm ;?Hmh!:ﬂm'm
& ngrofurestry : Ll -
| (1] ; - Crogp failure,
gt High High e
Mooding Medium | Medium ‘:h';’?'h oy
Peri-urban Reduced
icul Soil erosi " productivity; water
agriculiun: o] erosion High High B i
irrigation.
Table 17: Impact Matrix
VRN e Climate Hazard Expiosiire Vulnerahility Impact
1 Ausset
: ! Land slide High Medium Major
drainage network
il i Pelectium Medium Moderate
flooding Pl et ey Lo hlinor
Hoil erasion Low hedium Puinoe
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Stormwater sto chanoes in fpitation
g ot ol High Mo Wi
FHIIFITIE
Drought x
High Medium Major
flooding Medium Lowr Minor
Cira
gt High High Citastrophic
Water pumpd
] il changes if precipitation ] )
stationg Mdediuam hleditm M ndepate
paticms
flaoding Pededivam hedium Mioderate
Soll erosion Ml Medim M oderate
D
ot High High Citasiroghic
Grround wiber
absirction flocding Medium Medium Moderate
flanding I Low Low In ignific it
landslide Medium High Major
i Dn':ughl o = ch !
| :Lﬂ-ll"i':q.‘.d M
Wiksle waler i g
Treatment -
i Saoll eroston Medium Medium M clerate
facilities
focding Medium Medium M =derate
landslide Medium Medilm M oderate
(]
rought High High Castrophic
Water  supply
setwork Suil ervsion Medium Medium M sderate
fandslide Medium Medium It 3derate
Mooding k
High Medium b fjor
Solid  Waste | Drought ‘
Madium Medium ot sderate
Munagement




. et
o T e High Catastrophic
patieris
flooding High High Catastrophic
Snil erosion

Mediim hdedium Muoderte

i landslide

High Medium Major
Road networks Dircaught
G Meadium hdedium Moderie
“Very High winds{Gusty winds) Medium Medium Moderate
Mwerage surface tem IFes
il i High Medium Kifajer
increase
chanpes in ipitntion
g High Mediam Major
patterns

Brid Drought

i Low Medium Minoe
flooding Mediom | Medium Mosderate

e A urface term Fog
e b Mcdinm Medium Moderate
ITeCNERSE
cha i cipitation

— = o [ High Medium Major
pattems
Pulblic transport Se—

networks & Medium Kicdhim Madirate
flooding hdedium | Medium Maodarate
landshide -

Pecinem Wledium hoderate

i Drought

i High High Catastrophic

E i~ ] -
e B ol erosion . !
plants Medium hediven hoderate

flooding Medium Medium Muoderate

landslide

Mednam Medium hoderare
and | Dirought i

i Medium it Moderate
power lines
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Medium Medium Moderate
Tlooding High High Cizastrophic
landsdide il
High Medium e ijor
Sail erosion _ -
o High High Criastrophic
Dircvrght i ) 5
O = High High Ci tustrophic
hiibs Hlooding Medium Medium Miderate
lanlshide High Meadium M ijor
Mooding
Moedim High Mipar
Healtheare 4
b Drought ,
facilities High High Calastrophic
Landsl, ide Medium Medium Moderate
Boil erosion hedium High Mejar
Floocling
Medium High e jior
Education facilitics
Dircanghit
High Mediwm Mz ior
Soil erosion Medium Medium Pli derate
land:lide
High High Catnstrophie
landsfide
High High Calistrophic
Urban residents Droughi 3
High High Catastrophic
flooding Medium Medium Moderate
landslide
High Medium Ma or
Informal andsiide ;
2 High High Cabstrophic




Dvought {
" High High Catastrophic
Nooding High High Catastrophic
landslide
: High High Catastrophic
E il ol
L g o High High Casstrophic
Sarvices
Medium High Major
landslide
bledinirm Medium Moderate
flooding I 7
High High Caraszrophic
[owW-Ingonme ——
households High High Catastrophic
landslide Medium High “Majar
B F’.’au erosion ] _
High High Catastrophic
flooding g : ;
High Medium Major
[irfsam water
bodi Drrought
- High High Cutastrophic
& willands Sl erosin Medium Lo Mimor
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4.0 CLIMATE RISK ASSESSMENT

The Climate Risk Assessment (CRA) for Maua Municipality identifies how climate hazards affect people,
infrastructure, and livelikoods by combining hazard, exposure, amd vulwerability.

The main climate hazards in Maua are drought, soil erosion, fiveding, and landslides, Exposure is high for
residents. roads, markets, water sysiems, and farmland, eapecially in low-lying areas, steep slopes. and
poorly drained zones. Vulnerability i increased by dependence on rain-fed agricalture, degraded soils,
limited food and slope protection infrastructure, and low coping capacity.

For this Urban Climite Risk Profile, the following matrix summarizes overall risk for each urban element by
combining the assessed hazard level and the estimated impact level.

Table 22: Risk matrix : |
[ Urban Element / Asset | Climate Hazard Impact Level
Stormwater  drainage | flooding Major
network Soil erosion Moderate
Stormwater slorage finoding Medium
| Drought Major
Dirought Catastrophic
Waler pumping stations landslide Moderate
Soil erosion Medeeate
Drough Catastrophic
Greumbwat:t sbatraction landslide Moderate
drought Insignificant
L Drought Catestrophic
\;ﬂ;;‘:amr trealmierit Flooding Moderste
Soil erosin Moderats
(ooding Catasirophic
Water supply network landslide Moderate
drought Moderate




;”:J'imm WO | Srought Moderate
landslide Catastrophic
flloding Catastrophic
flooding Major 1
Road networks Landslide Major i1
S0l erosion Moderate
i flooding Major
Bridges Drought Minor
landzlide Mujor
. flooding Major
blie  tnepot g Moderate
landshide Moderate
Drought Catastrophic
Encrgy power plants fooding hoderate
lamsdshicke Maoderate
Drowght Moderate
Poles and power lines fooding Moderate
landslide Catastrophic
Bail ercsion Mlagor
! W changes i precipitation paterns Catastrophic
E:;]-iel-ﬁ & commercial Drought e T &
landslide Moderate
Soil erosion Major I |
Flooding hlajor
Healtheare facilities Drought | Catastrophic =t |
floeding Major 1 |
Education facilitiss I = | L4 ]




flocding Moderale
flooding Catastrophic
Urban residents Drought Catastrophic
| landskide Moderate
Flooding Catastrophic
Informal scttlements Diroasgahi | Camstrophic
Emergency Services flooding Catastrophic
Dirought Major
Landslide MAoderate
flooding Catastrophic
Laow-income houscholds “Drcighl Catmstrophic
landslide Major
W flooding Major
E;I:nlznndgm!m' bodies & Drought Castrophic
landslide Minar
Average surfice [emperatures increase Moderate
: | Soil erosion | Moderme
f;';;ﬁglwlm& Dircugzhi Cas,asu-nﬁhbu
flooding Moderate
landstide Catastrophic
Vulnerahility Level
2 Medinm
Expusure ::E;m
Level Low
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For this Urban Climate Risk Profile, risk levels should be interpreted hased on the table bel vw
Ta bll: 13. lnterpretlﬂum {.rrmh ln'c:h

i -.

Tag b & 1%
w4 LI LT R
|t T | __hl-'

't"':r_'u' hlgh I'15|E5 are unw:-:epdahl: Risk should be uwndnd. reduced ur transferred. |
immediate planning and implementation of risk reduction measures |s resquired.

Allocate resources and coordinate inlerventions to prevent or

minimize impact.

High risks should be actively addressed. Develop and implement mitigation retions
promptly. Menitor environmental indicators and ensure readiness of
emergency Or adaplalion measures,

Medium risks should be managed. Flan and implement mitigation activi ies to
| feduce them 10 acceptable levels. Regularly review climate data and risk lovels.

Low risks are acceptable under current conditions. Minimal control or moni loring
1= needed, provided they remain stable and do not escalate.
Very low risks are negligible in terms of likclihood and consequenc s, Mo

irnmediate action is required beyond routine monitoring and periodic review.

4.1 Current and Future Climate Risks on Urban Elements

Table 24: Summary of nuudmg risks t‘crr Maua Municipality

me Horlzon & 2050 2100 2100
Climate Scenarlo | Cusrent | SSP2- 58P2- | 5SPs-
'_ g T e 4.5 4.5 .5

Hazard Level High High High High

Em fe | Catastrophic Very Very Very Very vty
R High Migh |High | High ligh
Managemen B "




Bolid Waste ol ‘
i i High |Migh |High |High | High
e High  |High |High |High | High
Energy Catastrophic Yery Yery Very Very Very
High High High High High
Economic Catastrophic Yery Very Very Very Very
Infrastruciure High High High High High
Seetal Infrastructure | Catastrophic Very Very Very Very Very
High High High High High
Emergency Services | Major Very Very Very Yery Very
High High High High High
Urban Residents Catastrophic Very Very Yery Very Very
High High Higzh High High

TS tigh | High  [High |High | High

Wulnernbla and | Catastrophic

Yery Very Wy Wery Very

m'm High |High |Hih |High |High
Urban Blue | Camstrophic Very Very Yery Very Very
Infrastructure High High High High High
Pﬂi:mh::;al ard | Catastrophic Very Very Very Very Very
i High | High |High |High | High

Table 25: Summary of Changes ndslide for Maua Municipality
s - e




Stormwater Major Yery Very Very Very Very
Drainage High High High High High
Water & | Moderate i
Wastewater High High High High High
Management

Solid ~ Wasle | Catastrophic Very | Very Very Very Very
Management High High High High High
Transpor and | Major Wary Very Very Yery .'l-"en.' 1]
Mability High High High High High
Energy Moderate High High High High figh
Eeonomic Catastrophis Wery Yery Wery Very Very |
Infrastructurs High High High High High
Socil Majar Very Very Very Very Gery |
Infrastructure High High High High High
Emergency Catastrophic Wery Very | Very Very || Vey |

Services High ‘High High High ‘High
LIrban Residents '

Enfrastruc e |

Catastrophic Wery Very Vary Very Very
High High High High FHigh
Informal Catastrophic L , . v _x |
ery -
Settlement Residents = % n}. ¥ i
High High High High High
Vulncrable  and Catastrophic |
? Very Yery Very Vary L
Plureimalized Groups . , ; :
High High High High Figh

Peri-urban anwd
Agricultural
Systems

Maoderate

a8



Table 26: Summary of soil Erosion risks for Maua Municipality
Time i 2050

Wastewater Medium | High High High High
Maragement
Solid Waste | Moderaie

Medium | High High High High
Management
Transport and | Major Very Viry

Hi ¥

Mability High High gh High ligh
Encrzy Moderate Mediom | High High High High
Feonomic Major Very Very

Hi i IHi
Infrastructure & High e High e
Social Catastrophic Very Very Very Wery Very
Infrastructure High High High High High
Emerge hoderate

o Medium | High | High | High | High

Urhin Residents

Informal
Setilement Fesidents

Catastrophic

Very
High

Very
High

Very

Wery
High




Vulnerable  amd | Catastrophic

R :n:r Very Very Very Very

T igh High High High High

Urban Bhee | Moderate _ )

il 1 Medium | High High High High

Peri-urban  and | Catastrophic

ki) Very Very Very Very Very
i Hi Hi Hi

- l High gh gh High igh

Al 20050 Hal AL
| Current heP2- R
KSPS-E5

Stormwater Drainags:

Water & Wastewater | Moderate i ! :
i Medium | Medium | High High High
Solid Waste Management Catastrophic :E :E’E; Very High :’: Very High
Transport and Mabil ity Moderate Medium | Medium | High High | High
Enerey Moderate Medium | Medium | High High High
Economic Infrastructure Modernate Medivm | Medium | High High High
Social Infrastructure Moderate Medium | Medium | High High High
Emergency Services Moderate Medium | Medium | High High High
Lirhan Residenis




Llrban Blue Infrasouciune

i Vi W | W
Informal Satilement | Catastrophic v.er-' H’,!n' Very High ey Very High
Residents High High
Yulnerahl and | Bdaj ]
i I High High Very High
Margmalized Groups

FEI'I-:l:I:rﬁnn

anud

Agricotisral Systems

hlodenite

bledium

High

High

High

o



4.2 Hazard Hotspots

Maua Municipality, locatzd within Meru County, is experiencing inereasing exposure to envirommental and
public health hazards due to its urban growth, tepography, and infrastructural limitations. Cortain areas within
Maua Municipality have been identified as hazard hotspaots, where climate-related risks are concentrated and
pose significant threats to lives, livelihoods, and infrastructure, Low-lying zones along rivers and drainage
channels are highly susceptible to Nooding, while peorly drained wrban meighborhocds and informal
settlements experience frequent waterlogging and property damage. Agricultural areas on steep slopes face
erosion and crop loss dusing heavy raing, and drought-prone zones suffer reduced water aveilability and food
nsecurity. These hotspols often coincide with high population density and critical infrastructure, smplifying
the potential impact of climate hazards, Targeted interventions, such as flood control measures, slope
stabilization, resilient infrastructure, and carly warning systems, are essential to reduce vul erability in these
high-risk areas, The key hazards include Floods, landslides, drought, public health risks and poor waste
management, concentrated in specific zones of the municipality as shown in Figure 4.
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4.2.1 Landslide-Prone Zones

Landslide risk in Maua Municipality is mainly associated with steep and hilly terraing, particularly in Kitheou and
kaadu areas, where sofls are unstable and heavy rainfall events are frequent, These zones are commonly found along
escarprnents and elevated slopes surrpunding the municipality, Prolonged or intense rainfall saturate s soils, reducing
shope stability, while human sctivities such as deforestation, culfivation on steep slopes, unregulated construction, and
poor drainage systems further increase susceptibility. Lands) ichet-prone areas pose significant risks to romsds, ~esidential
structures, farms, and public utilitics, often resulting in displacement of households and disruption of economie
activities. With increasing climate variability and more frequent extreme rainfal L, landslide risk is e pected so rise,
emphasizing the need for slope stabilization, regubated land use. improved drainage, and early waming mec @nisms.

4.2.2 Flood Risk Areas

Flooding in Maua Municipality primarily affects low-lying areas and sections of the urban core with i adequaie drainage,
Areas along River Mboone and other natural watercourses are highly vulnerable during the long and : hort rai ny scasons.
Densely developed market zones face heiphtened risk due to sncroachment on riparian reserves, blocked drains, and
limited stormwater management systems. Flood impacts include road damage, disruption of trade anc! transpon,
comtamination of waler sources, and increased incidence of witerborne diseases, Climate wvariabilit has amplified the
frequency and intensity of heavy rainfall, underlining the nead for improved drainage, riparian comi for protection, and
integrated urban fMood manapement.
Kev Mocd hotspots:
* [riene Area: Frequent fooding along main streets; blocked draing and open cubverts; business disruption and
risk of electrocution from exposed power lines.
* Makiri Estates: Low-lying residential areas; poor drainage; stormwater mixes with sewage, creating sanitation
hazards.
= Mboone River: Limited flocdplain protection; overflows during heavy rainfall causing lamage to nearby
seftlements and infrisiructure,

4.2.3 Soil Erosion-Prone Zones

Soil erosion in Maua Municipality is most pronounced on steep slopes, degraded farmland, and areas with sparse
vegetation cover, particularly near the Nyambene Hills, Heavy rainfall, deforestation, over-gultivation, and poor soil
conservation practices sccelerate opsoil loss, gully formation, and sedimentation of watercourses. Erosion reduces soil
fertility, agrieuliural productivity, and slope stability, and increases the risk of downstream Mooding. Measures such as
terracing, reforestation, and proper land management are essential to reduce erosion-related hazards.

4.2.4 Drought-Prone Zones
The main climate hazard hotspot zones in Maua Municipality, where exposure and vulnerability ar: highest,
include:
I. Kithews and Kasdu (Hilly/Landslide-Prone Areas)
o Steep slopes and escarpments with unstable soils.
o High risk of landslides during heavy rains,
o Impacts: damage to roads, residential structures, farms, and public utilities,
Z, lriene Area (Lrban Flooding Hotspot)
= Low-lying urban streets with poor drainage.
Rizk of Mash floods during intense rainfall.
Impacts: business disruption, electrocution hazards, contamination of water systems,
3. Makir Estates (Residential Flood Zone)
= Densely populated low-lying residential area.
o Risk of stormwater and sewage mixing, creating sanitation hezards,
4. Mboone River Corridor (Flooding Hotspat)
= Central urban zone along the river with limited floodplain protection.,
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o Risk of river overflow during heavy rainfall.
o lmpacts; damage to nearby settlements and infrastructure.
5, Steep Slopes and Degraded Farmlands (Soil Erosion Zones)
= Areas on Myambene Hills and other sloped terrains.
o High risk of soil erosion and gully formation.
o Impacts; reduced soil fertility, agricultural losses, and sedimentation in walercourses,
6. Rain-Dependent Farming Areas (Drought-Prone Zones)
- Farmlands on the outskirts of the municipality and settlements reliant on springs or shallow
wells.
Risk of crop failure and water scarcity during prolonged dry spells.
Impacts: food insecurity, reduced household income, and livestock losses.

Table 28: Hazard Hotspots .
Climate Hazard Areas / Locations Affected |

Landslides Kithet, Kandu Farmland loss, road/bridge damage, soil
erosion
Drought | Water Scarcity Peri-urban farms Reduced crop vields, livestock stress, water
; shortages
Heat Stress | Extreme WMaua Center, Makirl, peri- | Health risks (heat stress), reduced erop and
Temperatures urban residential livestock productivit '
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5.0 WHAT'S NEXT?

This section outlines the key conclusions from the climate risk assessment of Maua Municipality and highlizhts the
steps needed o strengthen resilience and adaptation to cliate hazards,

3.1 key Findings

5.1.1 Multiple Climate Hazards Affect Maua Municipality:

*  The municipality is exposed to drought, foeoding, landslides, and sodl erosion, esch affecting specific zones
and sectars.
*  Low-lying uhan arcas, steep slopes, degraded farmlands, and water-scarce zones are the most vulnerabie.

5.1.2  High Yulnerahility of Urban and Rural Systems:
*  Residents, infrastructure, markets, water gysterns, and farmlands are highly exposed.
*  Vulnerability is drivan by rain-fed agriculture, poor driinage, unregulated construction, def: restation, and
limired early warning systems,
5.1.3 Flooding and Landslides are Key Urban Risks:
*  Maua CBD, Iriene Arca, Makiri Estates, and the Mboone River corridor are flood hotspots.
»  Kithetu and Kaadu hills, along with steep slopes of Nyambene Hills, are highly prone to lamdslides,
3.1.4  Soil Erosion and Drought Affect Agriculture and Water Security:

*  Degraded soils and rain-dependent farming areas are valnerable 1o crop losses and reduced productivity.,
*  Water scarcity during prolonged dry spells threntens livelihoods and food security.

3.1.5  Climate Variability is Intensifying Risks:

Increasing frequency of extreme rainfall, prolonged dry spells, and rising temperatures is expected tc exacer bate
existing hazards,

.16 Need for Targeted Adaptation and Resilience Measures;

Priarity actions include improving drainage, slope stabilization, soil conservation, water harvesting, early waming
systems, and sustaingble land use planning,

Identifying and pricefizing hazard hotspots enables efficient allocation of resources 1o reduce risk.

These findings provide & foundation for developing an actionable climate adaptation strategy for haua Miumici pality,
ensuning that both urban and rural communities are befter prepared fo withstand elimate-relmted hazo ds.

#.2.1 Future Climate Trends Likely to Intensify Risks
Climate projections for Maun Municipality indicate that existing hazards are likely to become more § ‘eijuent ond
severe, increasing risks to people, infrastructure, and livelihoods. Key trends include:

I. Rising Tem peratu res
*  Average temperallires are expected to increase, contributing to heat stress on humans, cropel, and
livestock

*  Higher temperatures may also increase evaporation, worsening water scarcity in drowght-prone
areas.

2. Increased Rainfall YVariahility
* Rainfall patterns are expected to become more unpredictable, with delayed cnsets, shoner
raimy seasons, and prolonged dry spells.
= This will affect rain-fed agriculture, water availability, and soil moisture, ncreasing the
risk of crop failure,
3. More Frequent and Intense Extreme Weather Events
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Heavy rainfall events are projected to become mose comman, increaging the likelihood of flooding, Mash
floods, and landslides
Uirhan areas, steep slopes, and river corridors will remain particularty vulnembla.

. Prolonged Droughts

o Extended periods of below-average rainfall may become maore frequent, intensifying water
scarcity, food insecurity, and livelihood disruption in agriculiural and peri-urban zones.
Soil Degradation and Erosion Acceleration
o [ncreased rainfall intensity combined with unsustainable land management miy accelerate
soil erosion on slopes and degraded farmland, reducing agricultural productivity.
Compounded Risks to Vulnerable Populations and Infrastructure

The combined effects of heat, drought, floods, and landslides will disproportionately affect low-income
houscholds, informal settlements, smallholder farmers, and eritical infrastructure.

These trends sugpest that elimate risks in Mava Municipality are likely to intensify, making it urgent 10 implement
proactive adaptation measures such as improvid drainage, slope stabilization, drought-resilient agricalture, water
harvesting, and robust carly warning systems.
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Extreme Flooling,
Systen Failun:

Extreme Flooding
Wastewnter System Failure

»  Higher Flood Frequency
Drainage » Tlooding «  Drain Overflows
Water d |« Flooding +  Flood Overflows
Wastewater «  Sanitation Hxsards
Management
Solid Waste  «  Fiooding = Increased Flooding,
MMeragement s [Dwain Blockage s Waste Dverflow

Severa Flooding
System Collipse,
Public Healh Risk




. landslide «  [landslides landslide
Econoinic «  flooding »  Teoding + Hooding
Infrastructure. |+ landslide +  landslide +  Londdide




Emergency Services - fooding «  flooding «  flooding
o landslide o lendslide & landslide

+  landslide »  landslide «  landslid:
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informal Settlement| «  flooding

Rﬂﬁidﬂlﬁ - landsiide N lanuhl.'ide - lamdslide
o drowght # li'l:l'lll-ﬂ“ - drotght

»  soil erosion

Vulnersble and | - flooding o fooding «  flooding

Marginalized «  landslide o lamdslide +  landslide

CIroips

Lirhan {ireen | = ﬂ.l:l:ldil'!ﬂ - ﬂﬂﬂim ® ﬂﬂ:ﬂl‘lm

Infrastrisciun o landslide «  lamslide landslide

Urban Blue | « floodmng +  flooding v flooding

Infrastructure « landslide o lendslide «  landslide

& 3ol erosion
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Figure 5: Environmentally Fragile Areas of Maua

ENVIRONMENTALLY FRAGILE AREAS - MAUAAND ITS ENVIRONS |
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