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The African Development Bank states that Africa is one of the regions in the tivatldre
most vulnerabldo the impacts of climate change. The majority of bathnerabilityled and
scenaricled studies carried out in the region suggest that damagemfalimate variability
and change, relative to population and Gross Domestic Prodocid be higher in Africa
than in any other region in the world.

Ly 2NRSNJ (2 KSt L) FRRNBaa GKA&a &aA3IyATAOlNyd

Community Access Padrship (AfCAP)(a research programme funded by UK )Aid
commissioned a project that started in April 2018 aimwasto produce regional guidance
and to advanceclimateresilient rural accesen Africa through research and knowledge
sharing within and between participating countries. The outpshould assist the
development of aclimateresilient road network that reaches fully into and between rural
communities.

The study focusal on: (a) appropriége engineering and nogngineering adaptation
procedures; (b) sustainable enhancemerfitthe capacity of three AfCAP partner countries
to deal with the likely impacts of climate change on rural road netwofBssustainable
enhancementof the capacity ofadditional AfCAP partner countries; and (ghtake and
embedmentof research output@cross AfCAP partner countries.

A Climate Adaptation Handbodias been developed thatrovides relevant information and
guidance on climate adaptation procedures for ru@dd access, along with a methodology
to address climate threats and asset vulnerahiliiye Quidelinepresented in this document
acts as a supportindocumentto the Climate AdaptatiotHandbook andaimsspecifically at
providingchange nanagemenguidelinesrelating tonon-engineering adaptation options.

Change ranagement with respect to Climate Change has the potential for making significant
strides towards creating resilience to climate effects in a -effgictive way. The Change
Management Guidlines coverspolicy and planning, stakeholder and asset management
and proposes recommendations fothe formulation of strategies and programmes for
improvement.

Capacity Buildingzhange Managemen€limate Adaptation; Climate Change; Climate
Impact; Climate Resilience; Climate Thré&dimate VariabilityRisk; Rural Access;
Vulnerability

Safe and sustainable transport for rural communities

ReCAP is a research programme, funded by UK Aid, with the aim of promoting safe/and
sustainable transport for rural communities in Africa and Asia. ReCAP comprises the fAfrica
Community Access Partnership (AfCAP) and the Asia Community Access PartneGhi). A
These partnerships support knowledge sharing between participating countries in ordr to
enhance the uptake dbw-cost, proven solutions for rural access that maximise the use of
local resources. The ReCAP programme is managed by Cardno Emengjieig MUK) Ltd.

www.research4cap.org
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The ease for population groups to reach or participate in service acti
using a transport network.

In human systems, the process of adjustment to actual or expe
climate and its effects, in order tmoderate harm or exploit beneficie
opportunities(i.e. actions that reduce hazard, exposure and vulnerabil
In natural systems, the process of adjustmeatactual climate and its
effects; human intervention may facilitate adjustment to expected clim
andits effects

The ability of systems, institutions, humans and other organisms to ta
to potential damage, to takadvantage of opportunities, or to respond i
consequences

The circumstancethat arise when the anticipated risks or experienc
impacts of climate change require action to ensure the safefy
populationsand the security of assetmd resourcesincluding ecosystem
and their services

The array of strategies and measuthat is available and appropriate fo
addressing adaptationThey include a wide range of actions that can
categorized as structural, institutional, ecologicabehavioura] amongst
many others

An approach to postlisaster recovery that reduces vulnerability to futu
disasters and builds community resilience to address physical, s
environmental, and economic vulnerabilities and shocks

The abilityto enhance thestrengths and attributes ofas well as the
resources available to, an individual community, society or organisatic
response to change.

A collective term for all approaches to preparing and suppor
individuals, teams, and organisations in making organisational
institutional changes in order to equip them to address and resolve ne
recurring challenges impacting on theand their stakeholders (e.g
impacts of climate variability and change on their operations)

Climate change refers to a change in the state of the climate that ca
identified (e.g., by usingtatistical tests) by changes in the mean &md
the variability of its properties and that persists for artended period,
typically decades or longer. Climate change may be due to natural int
processesor external forcings such as modulations of the solar cyc
volcanic eruptions and pers&nt anthropogenic changes in th
composition of the atmosphere or in land use

Climate variability refers to variations in the mean state and ot
statistics (such as standadeviations, the occurrence of extremes, etc.)
the climate on all spatial and temporal scales beydhdt of individual
weather events. Variability may be due to natural internal proces
within the climate systemsuch as oceaatmosphere couplindinternal
variability), or to variations in natural or dmbpogenic external forcing
such as variations in solar output or changing concentrations
greenhouse gassdexternal variability)
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Severe alterations in the normal functioning of a community or a soc
due to hazardous physical events interacting with vulnerable st
conditions, leading to widespreaghd adverse human, material, econom
or environmental effects that require immeste emergency responseo
satisfy critical human needs and that may require external support
recovery.

The set of technical, financial and institutional capacities needec
generate and disseminate timejnd meaningfuarning information to
enable individuals, communities and organizations threatelmgd hazard
to prepare to act promptly and appropriately to reduce the possibility
harm or loss.Dependent upon context, EWS may draw upon scien
and/or Indigenouknowledge.

The presence of people; livelihoods; species or ecosystems; environrn
functions, services, ancesources; infrastructure; or economic, social,
cultural assets in places and settings that couldaldeersely affectedy
hazards

An extreme weather event is an event that is rare at a particular place
time of year. Definitions afare vary, but an extreme weather event wou
normally be as rare as or rarer than the 10th or"9@ercentile of a
probability censity function estimated from observations. By definitic
the characteristics of what is called extreme weather may vary from p
to place in an absolute sensé&/hen a pattern of extreme weather persis
for some time, such as a season, it may be eldss arextreme climate
event, especially if it yields an average or total that is itself extreme (
drought orheavy rainfall over a season).

The overflowing of the normal confines of a stream or other body
water, or the accumulation ofvater over areas that are not normall
submerged. Floods include river (fluvial) floods, flash floadsan floods,
pluvial floods, sewer floods, coastal floodspundwater floodsand glacial
lake outburst floods

The potential occurrence of matural or humarinduced physical event ¢
trend that may cause loss bfe, injury, or other health impacts, as well .
damage and loss to property, infrastructure, livelihoogksvice provision
ecosystems and environmental resources.

The consequences of realized risks on natural and human systems,
risks result from theinteractions of climateelated hazards (includin
extreme weather and climate events), exposure, amdinerability.
Impacts generally refer to fdcts on lives, livelihoods, health ar
wellbeing, ecosystems and species, economic, social and cultural as
services (including ecosystem services)d infrastructure. Impacts ma
be referred to as consequences or outcomes, and can be adver:
benéficial.

The practice of identifying and evaluating, in monetary anc
nonmonetary terms, the effects of [climate] change on natural and hur
systems.

The chance of a specific outcome occurring, where this might
estimated probabilistically.
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about the location, design and operation of assets will determine t
long term resilience to the effects of climate change.

Theability to move people and goods efficiently and effectively for so
economic activities between an origin and destination using a trans
network.

The capacity of social, economic and environmental systems to cope
a hazardous event drend or disturbance, responding or reorganising
ways that maintain their essential function, identity astfucture, while
also maintaining the capacity for adaptation, learning and transformati

The potential for adverse consequences wherensthing of value is a
stake and where theccurrence and degree of an outcome is uncertain
the context of the assessment of climate impadtse term risk is often
used to refer to the potential for adverse consequences of a clim
related hazard, orof adaptation or mitigation responses to such a haze
on lives, livelihoods, health an@vellbeing, ecosystems and speci
economic, social and cultural assets, servidexluding ecosysten
services), and infrastructure. Risk results from the intecectiof
vulnerability (of the affected system), its exposure over time (to t
hazard), as well as the (climatelated) hazardand the likelihood of its
occurrence.

The qualitative and/or quantitative scientific estimation of risks.

Plans, actions or policies to reduce the likelihood and/or consequenc
risks or to respond to consequences.

Road criticality refers to the importance of a rural access road to
communities it serves in terms of t@2 YY dzy A 1 @ Qa4 RS LJ
for accessing markets, goods and services.

Events and trends, often not climatelated, that have an importan
effect on the exposedsystem andthat can increase vulnerability t
climaterelated risk.

The degree to which a system is affected, either adversely or benefic
by climate variability or change. The effect may be direct (e.g. in resp
to a change in the mean, range, or variability of temperature) or indi
(e.g. damages csed by an increase in the frequency of coastal flooc
due to sea level rise).

The propensity or predisposition to be adversely affected. Vulnerat
encompasses a variety of concepts and elemgeimduding sensitivity ol
susceptibilityto harm and lack of capacity to cope and adapt.

Processthat G i SYLIWia (2 ARSyidGAFTe (K¢
vulnerability(to climate variability and change).
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°C Degrees Celsius

$ United States Dollar

ADB Asian Development Bank

AfCAP Africa Community Access Partnership

AfDB African Development Bank

AM Asset Management

AsCAP Asia Community Access Partnership

BPC Bipartisan Policy Centre

CGFIT Climate Finance Impact Tool (JICA)

CCAP Climate Change Action Plan (AfDB)

CMIP5 Coupled Model Intecomparison Project Phase 5

CRED Centre for Research on the Epidemiology of Disasters
CRMA Climate Risk Management and Adaptation (AfDB)
CSIR Council for Scientific and Industrial Resea@®buth Africa
CSsSs Climate Safeguard System (AfDB)

DANIDA Danish International Development Agency

DFID Department fa International DevelopmenfUK)

DMC Developing Member Country (ADB)

EBRD European Bank for Reconstruction and Development
EU Europearnion

GIS Geographic Information System

IDA International Development Association

IFC International Finance Corporation

IPCC Intergovernmental Panel on Climate Change

IRI International Roughness Index

JICA Japan International Cooperation Agency

LoS Level of Serviceability

MCA Multi-Criteria Analysis

MDA Ministry, Department antbr Ageng/Authority

NDP Nordic Development Fund

NGO Non-Government Organisation

ODA Official Development Assistance (JICA)

RAMS RoadAssetManagement System

ReCAP Research for Community Access Partnership

SMS Slope Management System

UK United Kingdom (of Great Britain and Northern Ireland)
UKAid United Kingdom Aid (Departmerdrfinternational Development, DFID
UN ESA United Nations, Department of Economic @ddcial Affairs
UNFCCC United Nations Framework Convention on Climate Change
UNISDR United Nations International Strategy for Disaster Reconstruction
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development, the Africa Community Access Partnership (AfCAP), a research programme funded by UKAId,
commissioned a project in April 2016 to produce regignatlance on the adaptation of rural access roads

to climate change. The project aims to provide pragmatic,-beseficial engineering and neengineering
adaptation procedures and guidance to road sector institutions through research and knowledgey sharin
within and between participating African countries.

The study covers climate threats and adaptation for both existing and new infrastructure. It addresses the
issues of appropriate and economic methodologies for vulnerability and risk assessments; prioritisation of
adaptation interventions; and optimisatioof asset resilience in the context of lewelume rural access
roads. In addition, it provides evidence of cogiconomie and sociabenefit links to rural communities
arising from more resilient rural access to support wider policy adoption acrosa.Afric

The study focuses on the following:
a) Demonstration of appropriate engineering and rengineering adaptation procedures
b) Sustainable enhancement of the capacity of three AfCAP partner counficesEthiopia, Ghana
and Mozambique) to deal with thekily impacts of climate change on rural road netwarkkese
three countries represent nearly the full range of climatic systems ifSaltaran Africa
c) Sustainable enhancement of the capacity of additional AfCAP partner countries
d) Uptake and embedment oksearch outputs across AfCAP partner countries.

The Handbook on ClimatéAdaptatiorf provides a methodology for carrying out a climate adaptation
assessmentor rural access tsupportsociceconomicsustainability It also focuses on those activities and
actions thatconventional engineering standards and procedures do not necessarily. dhveHandbooks
supported by three separatguideline documentshat coverthe following

Change Management

ClimateRisk and VulnerabilityAssessmeritc this guidelinetakes users through the steps involved

in conducting a risk and vulnerability assessment at natiiatrict-level, as well as a local
/project-level risk and vulnerability study when implementing new or maintaining/retrofitting
existing infrastructure.

A EngineeringAdaptatiorf ¢ this guideline introduces primary climatic attributes and the potential
effects of these, followed by the provision of suggested adaptation measures for each
infrastructure component, also highlighting the critical importance fiéaive drainage provision

and of timely and appropriate maintenance of road assets.

> >

Theguidelinedocumentin handis a supportingdocumentthat deals with change management related to
climate change adaptatiorit covers, inter alia, policy anglanning, stakeholder and asset management,
and recommendations for the formulation of strategies and programmes for improvendensuch, this
Guideline targets especially decision makers in government at national, provincial/state and district level.

1The AfCAP Partner Countries currently consist of the Democratic Republic of Congo, Ethiopia, Ghana, Kenya, Liberia,
Malawi, Mozambique, Sierra Leone, South Sudan, Tanzania, Uganda and Zambia.

2Head, M., Verhaeghe, B., Pai@eeen, P., le Roux, A., Makhan$. and Arnold, K. (2019). Climate Adaptation: Risk
Management and Resilience Optimisation for Vulnerable Road Access in@lfriate Adaptation Handbook,

GENZ2014C. London: ReCAP for DFID.

3Le Roux, A., Makhanya, S., Arnold, K. and Roux, M. (2019). Climate Adaptation: Risk Management and Resilience
Optimisation for Vulnerable Road Access in Af@enate Risk and Vulnerability Assessment GuidelBteN2014C.

London: ReCAP for DFID.

4PaigeGreen, P., Verhaeghe, B. and Head, M. (2019). Climate Adaptation: Risk Management and Resilience Optimisation
for Vulnerable Road Access in AfriEagineering Adaptation Guidelin€s=N2014C. London: ReCAP for DFID.
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The overall project aim is tadvancepreviousAfCARresearch ando sustainablyenhance the capacity of
AfCAPpartner countries to reduce current and future climate impacts on vulnerable rural infrastructure.
The study covers threats and adaptatiooptions for both existing and new infrastructure through
research, and consequent uptake and embedment, at both policy and practical levels, of pragmatic, cost
beneficial engineering and neengineering proceduredasd on the recognition of locallypecific current

and future climate threats.

Thefundamentd research objectivef the projectis to identify, characterise and demonstrate appropriate
engineering and noengineering adaptation procedures that may be ieménted to strengtherhe long
term resilience of rural accedsased on a logical sequence of definihg following concepts

Climate threats

Climate impacts

Vulnerability to impact (risk)

Adequacy of funding

Non-engineering adaptationgeferred to in this documeras Change Management optigns
Engineering adaptations

Prioritisation

T I D D B D D

The second objective, which focuses capacity building and knowledge exchangés to meaningfully
engage with relevant road and transparinistries, depaments and agencies/dhorities in a knowledge
dissemination and capacity building programme based on the outputs from reseairgiconducted

The third objective is to ensure that there &focus onthe uptake and subsequent embedmerdf
outcomes aimd at a range of levelg from informing national policies, througto regional and district
planning, down to practical guidance on adaptation delivery at rural roaddevel

It also pays attention téthe management of measures that could be taken in a scenario when butigets
road construction and maintenancae inadequate or absent. furthermore focuses on those activities
and actions that conventional standard approachesy not necessarilycover.

The projectwas supported by demonstration studi¢sat were conductedo assess the appropriateness
and practicality of the recommendegbproaches foclimate adaptation. Thesstudies wee carried outin

three countries namelyEthiopia, Ghana anellozambiquec countriesthat represent and covemost of the
farming systemsfound in SubSahararAfrica (includingmixed;maize,commercial and small scale farming,
agro-pastoral,root crops etc.)Countries such aslozambiqueare regularlysubject to extreme eventsuch

as floods andropical cyclones. Both Mozambique and Ghana are on the receiving end of water flowing out
of major international river basinsvith most of their economic activity and population concentrated along
the coast and in lovlying deltas

The Climate AdaptatiorHandbookis the overarching documerthat provides relevant information on
climate adaptation procedures for rural road access, along with instructions on an appropriate
methodology for addresing climate threats and asset vulnerabilitgp asto increase resiliencén the
foreseeable future. It has been developed to cover a wide range of climatic, geomorphologic and
hydrological circumstancesommorly applicableto Ethiopia, Ghana andviozambique, but equally
applicable to anyof the other SubSahararAfrican countries

The Handbook illustrates the fundamental principles, processes and steps required for climate resilience.
Detaik regarding actual adaptation measures are included in the accompanying Guideline documents
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coveringChange ManagemenNon-engineering options)Climate Threatsind VulnerabilityAssessment
and EngineeringAdaptation

Althoughthe Handbookhas been developefbr low-volumerural road applicationé, most ofthe principles
contained withinthe Handbook may also apply tchigh-volume roadslt is however important to note that
the priorities and design parametefsr low-volume roadsmay differ from those for high-volume roads
and therefore caution is advised

There are three specifioverlapping applicabns of the Handboolkn the context oflow-volume roadqsee
Figure )

Adaptation
Handbook
|
New infrastructure Rehabilitation and _
_ Maintenance
and structures retrofitting

Figurel: Applications covered in thédandbook

For the three applicationsake note of the following

9 Accessibility objectives are the sanbeit the design and construction processes nidfer.

1 Principles othe adaptation methodology remain the same

9 Existing infrastructurés expectedo have morehistoricalknowledge and understanding of climatic
and hydrological effects

1 In allthree countries studiedmaintenance backlogs of existing roads were the most problematic
issuethat needed resolvingndthus were deemedthe highestpriority.

1 Rehabilitation and retrofitting of vulnerable assei® the costliestoperatiors.

[ New Infrastructure and structures ]

Overall, onstrucion of especiallynew low-volume rural roadinfrastructureis rare The limited funding
available is mostly used for upgrading, repairs and rehabilitation, except for limited areas of realignment
that are necessary to avoid congestion in cities (e.g. ring roads) or to improve geometric and safety
conditions.

Although thee are many initiativeso improve rural access, most of these involve the upgrading of existing
tracks, earthroadsor gravel roads to higher standards (busguallystill low-volume), together with the
improvement of existing or construction of new drainage structures.

5 Lowvolumerural roads are road thattypically carry less than 1 million equivalent standards axles (80 tonnes) over
their service life.
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[ Rehabilitation and retrofitting ]

In casesvhere the required serviceability criteria cannot be met or where future conditions are expected
to lead toa disruption or failure of the infrastructure components, retrofitting of the existing facilities is
required. This type of activityan however be costly.

Rehabilitation is also required where a stture, embankment or cuttingasfailed due toextreme climate
effects andwould need additional measures to ensure future resilienast inventories of such failures
would support the prioritisation, design atihplementation of more resilient measures

[ Maintenance of existing infrastructure}

Many of the potential problems related to climate susceptibility can be minimised by good maintenance
practices In most subSaharan countries, a significant maintenance backésgltsfrom historical climatic
events as well aan inability to fund routne maintenanceThis has lefparts of the infrastructure more
susceptible to climateelated damage. An important part @featingresilience is to identify these areas
and implement measures as soon as possible or as funding permits. Woel& however,in most cases
seldom be sufficientundsfor the necessary measures.

Failure to address the maintenance backlegaild effectively result in a dmothing scenario, whictwvould
require additional planning, emergency and reactive resources failpyirojected increases in extreme
events.

The methodology comprisaxf five stages with each stage coverirgeveral activies as set out iTablel.
However, these stages will be applied with slightly different rigour depending onhe scale and
circumstancesssociated witlits application.For example, the stagasould be applied differently abne
end of the scalavhere there isa fully funded road corridgrcomparedto the oppositeend of the scale
where thereis adistrict maintenance backlggvith scarce or zero funddt is important to note that the
policyand strategy directivess well as the appropriate data support systemght not alwaysbe in place
and the level of competence to implemeatiaptation would therefore vary significantlyBecause of this
wide range of circumstances, the Handbook is split into two pBdst A covers th&8ituational Reviewand
Adaptation Managementand PartB covers the appropriatilethodology.

The Handboolalsopays attention tothe management of measures that could be taken when budgets are
inadequate or absent underspecific¥ [ @ Scér@rio

This guideline document features the change management aspects in more ttetadtures the items
listed in Part A of the Handbook as well as parts of the methodologyitesas in Table lhighlighted in
green). It does not address all aspects of theapthtion methodologyinsteadit focuses on the core issues
affected by the introduction of climate change adaptation predominantly within relevant raub
transport ministries, department@and/or agencief&uthorities (MDAS) This also extends to activities that
arenew to MDAs such as undertaking climate risk screening.
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Tablel: Contents and scope of thadaptation methodology

Part A Situationalreview and adaptation management

Covers: Problemidentification (including evidence)
Identification of probable causes
Drivers of change (polieyriven)
Change management
Approach and delivery
Effective data management
Stage 1 Climate risk screening (national/regional)
B.1.1 Needsdetermination
B.1.2 Identification and mobilisation of stakeholder/partner involvement
B.1.3 Setting of policy, objectives and scope (network level)
B1.4 Analysis of observed and projected climate effects
B.1.5 Data gathering and risk analysis
Stage 2 Impact and vulnerability assessment (project/local level)
B.2.1 Projectlevel climate risk screening
B.2.2 Climatesensitive impact assessments
B.2.3 Data gathering and vulnerability assessment
Stage 3 Technical and economic evaluation options
B.3.1 Identification of strategies and potential adaptation measures
B.3.2 LYLI OG0 FraasSaavySyd 2F WR2 az2vYSi
B.3.3 Stakeholder consultations
B.3.4 Prioritisation and selection of adaptation measures
Stage 4 Project desigrand implementation
B.4.1 5S@St2LIYSYd 2F Iy AYLASWSHIiaOS
B.4.2 Design parameters and optimisation
B.4.3 Construction supervision and documentation
Stage 5 Monitoring and Evaluation
B.5.1 Development of anonitoring and evaluation plan
B.5.2 Reporting on and sharing of implementation experiences

Figure Zllustratesthe manner in which thestrategic approaclecouldvary, based orthe type of activity and
adequacy of funding available Development Partnerfunding €hown in green would normally be
comprehensive/prioritisedwhereas parfunded projects(shown in yellow)would require prioritisation

that is highly selective and mayy necessity be skeletal in the activities that can be funded. Feedback
provided by AfCAPpartner countries identifid maintenance as being heavily underfunded ior some

cases absent.In such caseghe activities should be based on available resourcéshown in red) This

strategic approach is further discussed in SectichRW[ D@ a (i Q ;BeErkoyl UMIBAaptation
management in cases of poor or inadequate budget scena@iestion 4.5Q[ 2 g O2 a;M Sé&c®B y | NA
4.6:Management of Delivery
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Figure2: Strategic approach based dgpe of activity and adequacy of funding available

This guide document is linked to the Adaptation handbook and it also refers to other guideline documents
that form part of the documentation set (see Figure 1). Sections in this rahattare linked to the
Handbookare marked with a greeframe marker(see below.

Section linked to thédaptation Handbook.

This document also contains information boxes to provideitaathl information or that make reference to
added examplesThese are indicated in shaded blue boxes (see below).

Information Box

A listof recommended actionis also placed in summary boxt#st are marked orange (see below).

Recommended actions

Some remarks deal specifically with a poor, inadequate budget situation (predominantly referred to as the
Y[ HR MRS YAYDoYRURAZRHIQWAOSYIFNR2d {SS INBSY YINJSR

Remarksdealing witha poor, inadequate or absent budget scenaric
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This Section details the situational analysis and adaptation managel
which is summarisedsPart A in the Adaptation Handboak

The African Development BanR@18 states that Africa is one of the regions in the wotlct is most

vulnerableto the impacts of climate chang&he majority of bothvulnerabilityled and scenarided studies

carried out in the region suggest that damages from climate variability andgehaalative to population
and Gross Domestic Producguldbe higher in Africa than in any other region in the world.

Overthe past four decades (197815) African countries have experienced more than4®dd recorded
weatherrelated disasters(meteorological, hydrological and climatologic8§RED and UNISDR, 2015
Engelbrecht et al., 201®) ¢ KSaS RA&laGdSNBR KI @S KIFEIR aA3ayAFTAiol yi
particular on rural communities and their livelihoods. The impacts of thesaraldhazards (floods, storms,
droughts, extreme temperatui® landslides and wildfires) were also felt across all economic sectors and
havecauseddestruction to energy, transport, water and sanitation infrastructure.

Many conmunities and countriesare dependent on natural resources to sustain their livelihooés a

result of their dependency, exposure and vulnerahijlttyey have been particularly at riséf losing life,
livelihoods and economic activity when natural hazards do occur. The high social vulnerability and low
adaptive capacity of these communitiess well as their high exposure to natural hazards has resulted in
the death of more than 600,000 people5 due to droughts), left 7.8 million people homeless¥@due

to flooding and storms) and affected an estimated 460 million people over the past four decades (CRED,
2016).

The African continent may be facing a potential direct liability in excess of Bil&th to repair and
maintain existing roads damagéday temperature and precipitation changes directly related to projected
climate change through this CentuChinowskyet al, 2011) This liability does not include costs
associated withfuture impactsto critically needednew roads nor does it include indirect socieconomic
effectsand disruption oflivelihoodsresultingfrom the dislocation ofcommunities and from loss of rural
accesslt is estimated thaby 2050an additional 230 million peopleouldlive in rural areasvithin the 15
AfCAPsupported and partner countries, makirmgproved rural accessibility a high priority in Afri¢eN
ESA, 208). Table 2and Fgure 3 next showthe projected rural population growth in tabular and graphical
format respectively
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Figure3: Rural population growth/decline for AfCAP countries and partner countries 192050
(custom data acquired via UN ESA, 2018)

Table2: Ruralpopulation growth in AfCAP countries and partner countries

AfCAP countries and 2015- 2050 Rural Urban % Urban %
partner countries growth (‘000) 2015 2050
Nigeria 49 032 47.8 67.1
Ethiopia 37 375 19.5 37.6
Uganda 37 033 16.1 321
Democratic Republic of the 20 456 42.5 60.4
Congo

United Republic of Tanzani 25085 31.6 53.0
Kenya 19 766 25.6 43.9
Mozambique 12 105 32.2 49.1
Malawi 14 274 16.3 30.2
Zambia 9278 40.9 58.3
South Sudan 6 490 18.8 33.9
Cameroon 3924 54.4 70.0
South Africa -4 526 64.8 77.4
Ghana 1075 54.0 70.5
Sierra Leone 607 39.9 57.2
Liberia 1005 49.7 65.2
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2.2  Projected Climate Change over Africa

To understand the potential impacts of climate change across the African continent the development and
analysis of appropriate regional climate data is essential. Initiatives such as the Coordinated Regional
Downscaling Experimentl (CORDEX) has assistad oevelopment and coordination of downscaling of
climate models to provide a set of highsolution regional climate projections for the region (CSAG, 2018).
Many publicationshave been produced reflecting this work and this has also contributed tordoent
development of downscaled climate models specifically for this prof&intulations of the Coupled Model

Inter comparison Project Phase 3 (CMIP3) and Assessment Report Four (AR4) of the Intergovernmental
Panel on Climate Change (IPCC), all obtafoethe A2 (low mitigation) emission scenario of the Special
Report on Emission Scenarios (SRES), were downscaled to high resolution over Africa (Engelalrecht
2015). It featured a number of variables including rainfall, temperature and drought wsirigus
percentiles.Examples of projected climate change over Africa are displayed in Figures 4 and 5. Figure 4
provides an example of the projected changes across a range of downscalings for maximum temperature
(left) and extreme rainfall events (rightsimilarly, Figure 5 illustrates changes in rainfall (left) and the
average value of the Keetdbyram drought index (right), for the period 268200 relative to 19611990

under a low mitigation scenario.

(d) rnde 90 perc
0N .
Extreme Rainfall events .4

A

(a) tmax 90 perc
Maximum temperature

e e T
¢ N

305

405
20w

ow 0 10E 20E 300 40E S0E 80 10w [

Figure4: Example of projected changes in maximum temperature and extreme rainfall events
(Engelbrecht et al, 2015)
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Figure5: Examples of projected changesrnainfall and average value of the KeetdByram drought index
(Engelbrecht et al, 2015)
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African temperatures are projected to rise rapidly, faster than the global average temperature, and in the
subtropics at a rate of about twice the global ratetefnperature increase (James and Washington, 2013;
Engelbrecht et al., 2015). Moreover, the southern African region and Mediterranean North Africa are likely
to become generally drier under enhanced anthropogenic forcing (i.e. forcing due to human fagtols),

East Africa and most of tropical Africa are likely to become wetter (Christensen et al., 2007; Engelbrecht et
al., 2009; James and Washington, 2013; Niang et al., 2014). More uncertainty surrounds the projected
climate futures of West Africa andeéhSahel, with some climate models projecting wetter conditions and
equally credible models projecting drier conditions under climate change (e.g. Christensen et al., 2007,
Niang et al., 2014).

Climate change is naxpectedto take place only through chaag in average temperatures and rainfall
patterns, but also through changes in the attributes of extreme weather evé&asthe southern African
region, generally drier conditions and the more frequent occurrence of dry spells are likely over most of the
interior (Christensen et al., 2007; Engelbrecht et al., 2009). Flooding events relateddf kowt weather
systems are also projected to occur less frequently over South Africa (e.g. Engelbrecht et al., 2013). Tropical
cyclone tracks are projected to #hnorthward, bringing more flood events to northern Mozambique and
fewer to the Limpopo province in South Africa (Malherbe et al., 2013). Further to the north, over Tanzania
and Kenya, more largecale flood events may plausibly occghould the future tmate regime be
characterised by a higher frequency of occurrence of strong El Nifio events. Intense thunderstorms are
likely to occur more frequently over tropical and subtropical Africa in a generally warmer cl{mgte
Engelbrecht et al., 20)3Uncetainty surrounds the climate futures of West Africa, the Sahel and the Horn

of Africa, particularly within the context of how climate change may impact on the occurrence of mega
droughts over these regions (Lyon and DeWitt, 2012; Williams et al., 201&ridReeal., 2013).

A survey of affected countries, followed by meetings with relevant government officials and workshops, has
revealed similar experiences and problems to be addressed urgently:

A Road damage backlogs from climatic effects are increasingnaialarming rate and need
appropriate guidance to address

A Maintenance budgets are not adequate to deal effectively with climate effects requiring better
Return on Investmerand help with &Do Nothing/Minimalapproach

A Appropriate new policies and straj&s need to be embedded in plans, programmes and projects

A Knowledge and capacity on climate adaptation need strengtheimirigoad/Transport MDAs in
areas such as policy, planning monitoring and evaluation, standards development and asset
management

A Rekvant climaterelated data needs to be collected to support a new approach

A There is a need for more effective engagement wdigvelopment partners with evidence to
support funding applications.

More information on climate change informationresflected in theClimateRiskand
Vulnerability Assessment Guidelines

Flooding isone ofthe extreme climate events expected to increase over-Salharan Afric§Serdecznyet
al, 2017) This is due tanore frequent and more intensextreme eventsthat causedamage or total
destruction of roads and associated structures. Another common problem is land movéna¢raffects
natural slopes adjacent to roadsis well as cuts and embankmenisat comprise pa of the road
development.These problems are generally exacerbated by factach adailure to

A take into accounextremeconditionsand signs indicating impending problefasid to take
appropriate actiom
A maintain the infrastructure adequately
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A havefunding available to implement tinkgpreventative measures
A manageand use adjacent to roads whichangecan affect surface runoff and destabilise sloped
areas along roads initiating landslides (Hearn, 2015)

The followingsectionsbriefly elaborate oreach of these factors.

Not taking action to address the risks associated with extreme climate events stemfofrooauses:

A Lack of knowledgeNot familiar with orunableto understand the form or scale of the problem
A Lack of optionstnadequate/insufficieninformation onappropriateadaptation measures

A Failure to actUnableto put appropriate measures in place or to address the problem

A Insufficient fundsNot appreciating the scale of the problem wnableto secure funding

Many gvernmentson the African continenturrently lack knowledge and understanding of the scale of
the problem. Even where there is a basic understandingre is often a failure to act becauselequate
policies and strategies are not in pla¢ailure to acts likely toresult inincreasel costs related to dealing
with disruption, loss of access, rehabilitation and semonomic development. Shocks from unexpected
extreme climate eventsalso severely undermine community and business resilieredred harm the
development gains made in such regions

Historically, road asset maintenance has been sporadic and inadequate resulting in deteriorating assets.
Records, management systems, supervision, monitoring and quality control havewsskor outdated
Probems have been exacerbated by somsuctance ofdevelopment @rtners to set up maintenance
funds within their new build or rehabilitation programmes. Consequently, significant maintenance backlogs
are commonplacacross the contiant (Mostafa, 2018; Gwilliam et al., 2008)

Capital and maintenance budgets asften insufficient, even whe relatively welmanaged Roadurds
have been established. Poor prioritisation, through inadequate data and management systermftehas
led to wasteful use diunds(Donnge<t al.,, 2007)

In recent years,an increase in extreme weather and unpredictable rainy seasons has created
unprecedented backlogsf maintenance and rehabilitatio(Schweikertet al.,2014) Emergency funds are
often woefully inadequate to address the increasing scale of dantgeto climatic conditionsThe
situation is often exacerbated when cash flows anspended and budgeted funds do not materialise. In
the worst casesbacklogs cannot be addressed and maintenance programgnescept for routine
maintenanceg are suspended

Based onconsultatiors held with national stakeholdersand responsesto a mailed questionnaire
(Verhaeghe et al., 201,Ahere is clear evidence thahe lack of funds and inadequate budgets (to deal with
the effects of climate changeffects allAfCAP partner countries, resulting in substantially underfunded
maintenance, capital wéis and associated programmes. In many countries, only routine maintenance is
carried out unless Development Partner funding is available.

Managing accesso road infrastructure for the rural poulation is particularly challenging in these
circumstancesand isoften referred to asa No-Adapt or Do-hothing scenario.In these circumstances
specific actions and plans can be undertaken to reduce the impact of climate events and manage access
through a planned programme of information management, earérning systems, community selfelp
programmes emergency planning and stakeholder collaboration. Specific guidantieese circumstances

is set outin Adaptation Management with Inadequate Budgets ScenariBection 2.4+ and throughout
Section 3.
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Effects from changing and more extreme climate events rmyeadayscommonplace in many African
countries. Although multisector policiend strategieson climate change are beinigtroducedin many
countries, those specific to the roads and related infrastructure sector afeen lacking The relevant
policies, strategies anplansneedto be modifiedto changethe way in whictclimate change is addresse

It is essential that the necessariews onand understandig of climate changare modified at the highest
levels.Climatechange considerationshould be incorporateéhto government goals and policieend could

be general statements concerning adequate attentiompotential issues, or statementargetedat specific

types of vulnerabilities (e.g. sdavel rise)In countries where physical movement is still criticahds are

lifelines and their continued operatias essential to sustain livelihoodMoretti, et al, 2018) According to

(Lohesha, 201&hey are a critically enabling condition for improvement of living conditiand quality of

life in rural areas

Government and MDA policies on climate adaptation fmd and transport are virtually absent. Where
present,roads areusuallyrepresented as a subset of aifrastructure, including energy and water fip,

but it is more common for@aptation policies to be muklsectoraland tocover agriculture, energy, forestry

etc. Development partners in particular the World Bank,are now recognising the importance of
establishing specific policies and strategies for the road sector. Policy development is usually an integral
part of strategic planning, programming, implementation and feedback. Policy sets the scope and content
of strategic planning for programmes and plans which, when implementexild be expected tocreate

more susainable rural acces$lonitoring and evaluation will provide evidence and experience that can be
fed back to modifyr improve policy.

) International
Government .
commitments
A /
MDAs A
% Ministries Policies,
g N\ <——> Strategies and
o plans, etc.
é Departments Agencies
B / \ U —— :
K] v v i i
% Provincial government Implementation:
- v ‘
Local government
S v
Projects

Figure6: Generalised government structure with policy links

Integrating adaptation at policy and planning levieédps tocleaty recogniseclimate risks and the need for
adjustments torelevant national policies. Incorporating climate chamnge policiesat this level means that
it cascades into sector plans and other levels of decision making. Guidance intended to strengthen cross
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sector cooperation betweeministries is essentiglas multiple institutions often deal with the climate
change data aspects

Recommendedictions

The following actions are suggestiedaccommodate or improve climate adaptation

Review Government Policy

Review Environmental Policy

Review 26 10- and 5yeardevelopment plans

Inspect strategies dfIDAs

Augment sectorial goals, objectives and strategies

Foster crossectorial cooperatiorthrough engagementagreementsand multidisciplinary

management

1 Modify the scope of national climate change committdesnclude or enhance transport
sector involvement

1 Alignimplementation programmein accordanceavith the above

= =4 a8 8 -8 -9

Policies and plans should be adaptive and robust, and steer the incorporation of climate charaeasto
such asspatial planning, longerm improvement plans, facility designs, maintenance practices, operations,
and emergency response plans.

Effective adaptation and mitigation activities aséll lacking. This isug to poor coordination between
sectas and limited capacity for mainstreamirgd the lack othe incorporation of climate adaptatiom
planning and budgetingdespite the widespread recognition ofdaptation as an important issue among
public, private and civil society actorkistead, idependentactions have been sporadic and ineffective,
despite the inclusion of adaptatioand mitigationpolicies and strategies in the environmental sections of
central and districtlevel government.

The application of a climate lens is recommended at the national or sector(lez&D, 2009 examine
the following
A Extent to which the policy, strategy, regulation, or plan under consideration could be vulnerable to
risks arising fronelimate variabity and change
A Extent to which climate change risks have been taken into consideration irfotmeulation of
progranmes
A Extent to which the policy, strategy, regulation, or plan could lead to increased vulneraiility
maladaptation or, conversely, to miag important opportunities arising from climate change
A Pre-existing policies, strategies, regulations, or plambe revised,as well asvhat amendments
might be warranted to address climate risks and opportunities

A first quick application of the climate lens should enable a policy maker to decide whether a policy, plan or
progranme is at risk from climate change. If deemed to be at risk, further work is required to identify the
extent of the risk, assess climateartye impacts and adaptation responses in more detail, and identify
possible recommendations and downstream actions.

Recommended policy option actiorfer adapting the transport sector to climate change, developed by the
Bipartisan Plicy Centre (BPC, 2018)e shown in Table 3. It describes the research/policy objestine
sets out appropriate policy responseshe policy optionscover the full spectrumof planning, asset
management, institutionathanges standards/regulations and performanogeasures
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Table3: Policyoptions for adaptingthe transport sectorto climate changgBPC, 2010)

Research/Policy
Overview

Policy Description

Possible responsible
institution (s)

Develop
appropriate model
outputs

Integrate climate data angrojections, and more
information about the likelihood and extent of
extreme events, into transport planning.

Environmental
Meteorologyand
RoadsTransport MDAs

Identify inventory
assets

Make an inventoryf transport infrastructure and
locations that are vulnerable to climate impacts.

Roadsfransport MDAs

Identify secondary
impacts

Conduct research on demograpfsiocio-economic
responses to climate change and land use
interactions, and how these resporsaffectthe
transport sector.

Planning, Economic
development and
RoadsTransport MDAS,
Academic Institutions.

Support decision
making

Provide modelling and adaptation planning tools t
local governments to help identify vulnerabilities.

MeteorologyDepartment

Facilitate
coordinationand
collaboration

Facilitate and support crogtisciplinary
coordination and collaboration among the public
sector, private sector and local stakeholders to
assess impacts, vulnerabilities, and adaptation
options.

Climateresearch
coordinating committee

Plan for emergency
preparedness

Develop climate change strategies to integrate
emergencyresponsesnto transport infrastructure
design and operations.

Disaster Management
Agency, Transport
Ministry

Expand planning
timeframes

Assist transporagencies to incorporate the effects
of longerterm climate change into their planning
processes.

MeteorologyMDA

Refine risk analysis
tools

Planners/engineers require support to develop an
use probabilistic techniques in rigkalysis tools to
address uncertainties that are inherent in
projections of climate phenomena.

RoadsTransport and
Planning MDAs

Consider landise

Work with appropriate agencies to influence land
use decisions and avoid inappropriate developme
in hightrisk areas.

MDAsdealing with Land
use planning

Develop risk
assessment and
adaptive
management
approach

Adopt an iterative risk management approach to
provide transport decision makers a more robust
picture of the risks to various components of the
transport network.

RoadsTransport MDA

Develop new
design standards

Develop new design standards and codes to
incorporate projected climateondition changes

RoadsTransport MDAs

Update regulations

Require climate change adaptation screening in
envirormental impact assessments.

RoadsTransport MDAs

Make institutional
changes

Make institutional changes to facilitatbe

integration of climate change impacts into the
decisionmaking process for transportation plannir
and investment.

RoadsTransport MDAs

Assess costs and
benefits

Provide guidance to identify opportunities for
adaptation and to assess cost estimates and beng

for adaptation initiatives angrogrammes

RoadsTransport MDAs
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Research/Policy Possible responsible

Policy Description

Overview institution (s)
Develop Develop performance measures tdarm RoadsTransport MDAs
performance prioritisation and decision making on adaptation
measures approaches and projects.

Where relevant policies are absent or restrictéoey should be developed or augmented to cowdimate
adaptation in its broadest sens@/herean absence of adaptation policies, plans and programmesaand
lack of fundingcausesevere constraints tthe management of road infrastructure strategy for élow
cosi(scenario should be developed. The teto Nothing(ls normally used to signifittle or no designated
budgets or funds to deal with adaptation relating to vulnerability threats, existing darbagklog or
maintenance issues relating to road assetthus limited action is taken. In such a scenaria proactive
management strategy shuld be developed to minimise disruption to rural access and to semdmomic
development.

At a strategic level, it is preferable to develop a national climthteat, vulnerability and adaptation
strategythat would support the national climate policies. The resoltshe strategyshould inform the next
steps through the identification of specific vulnerabilities and locations where more resilient infrastructure
is neededlt should consider the prioritisgon process and its apightion to the road network at regional
and dstrict levels.Greater resolutionmay be required depending on the threat and risks involyvexhd

may influence future planning and development decisions. Finally, detailed assesshenld be carried

out at corridor or project level and strategies should be refined furtheérile considerationis given to
budget implications and planning requirements

SpatialData Infrastructure (SDIs)s lacking in Africa and hence data harvesting/collection is more difficult
and requires crossollaboration between departments. Collafation between ministries andapartments

is necessaryo share knowledge and data when these studies are carried Ieoit. example, the risk
assessments require data fromhe meteorologicaloffice, roads authorities and disaster management
departments.

Figure7 demonstrates thecontinuousprocess of establishing policies, implementing thewaluating their
successand finally providingfeedbackfor policy formulation.
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Figure7: Processes to set, implement and update policies and strategies

Climatic factors have direct impact on the condition of infrastructure as well as operations ad
maintenance. Once the significance of these implicatioas beenassessed, adaptation strategies can be
developed to respond tdhem (see Figure 8). The responseshould in turn affect the condition and
resilience of the infrastructure, as well as the operations and maintenance requirements.

Through an adaptive approach, asset managers can evaluate the effect of adaptation strategies on system
performance and tailor futle adaptation actions The aim of these actions i® further improve
performance and enhance the resilience of the road netwaskunding becomes availabBy taking pre

active measureghe most vulnerable infrastructure can be protected, thereby redgdhe risk of system

failure and the consequent harmful impact on human life and secmnomic activity.

Climate factors:

Selection and -Temperature
Implementation of -Precipitation
Strategies Wind

-Sea level

Impacts to:
-infrastructure

-operations & maintenance

Figure8: Climate driver impacts resulting in a need for adaptation strategies
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Decisions pertaining to priority areas, alignment, land zoning, spatial planning, technology, and
implementation plans are also generally made at policy and sector planning levels (ADB, 2011). Many of the
examples of international adaptation strategiesyredn the participation of multiple partners such as
ministries of infrastructure and ministries of environment, wharie more readily established if set at the
policy level.Examples include th&U Commission report on thEU adaptation strategy (2013)he
AustralianNational Climate Resilience and Adaptation Stratéfjl5)and the Irish National Adaptation
Framework Department of Communications, Climaietion and Environmen2018

Information Box1

Infrastructure assets and networks are capitaénsive, londived and interdependent across
sectors. Decisions made now about the location, design and operation of these \aeséds
determine their longeiterm resilience to the effects of climate change. Strengthening resilienc
this area is an essential component of climate adaptation, particularly since adeapdteliable
infrastructure underpins growth. Taking climate resitie into account can protect investment
returns, support business continuity and meet regulatory requirements. As such, infrastructu
owners, operators and investors have an incentive to manage these risks, but a range of bar
may prevent them from ding so. These barriers include a lack of awareness or information; s
termism and misaligned regulatory incentives

Four priorityactions by national governments could support infrastructure resilier@&C[D2009):

1. Ensurethrough capacity developmenthat stateowned utilities, professional associations and
regulators haveor developsufficient capaity to use climate projectionand facilitate partnerships
between sectors to better understand and address infrastructure interdependencies.

2. Account for climate risks when making public sector investments. Review the allocation of liabilities
and investment responsibilities between the public and the private sector in Public Private
Partnerships (PPPs)uiew of climate change.

3. Align spatial [anning policies, national and international technical standasdswell aseconomic
policies and regulation in support of infrastructure resilience. Governments may want to ensure
that international, national and local approaches are aligned in ordéiatilitate privatesector
adaptation.

4. Raise the profile of climate risk disclosure by encouraging participation in voluntary initiatives,
supporting the development of common approaches at the international Jesad using
information gained from risk disclosures when planning climate adaptation at the natioedal lev

Recommended actions

A Build awareness and capacity to facilitate relevant partnerships.

A Incorporate adaptation considerations into, for example, tq@m$ master plans. Thiss
expectedfurther secure the likelihood of meeting transpeslated objectives and may als
identify new priorities.

A Align spatial planning policies, national and international technical standards, and eco
policies andegultionsin support of infrastructure resilience.

A Gather policydriven information orestablishthe explicit link between pilot project and polic
mainstreaming. Adaptation strategies are tested and evaluated in the context of a
policy sphere and sucssful measures are fed back into the given policy. This integratior
help improve the policy's general direction aaasure theachievement of its objectives.

A Integrate adaptation strategies into local comprehensive plans

A Constrain locationsf highrisk infrastructure.
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Information Box2

The Organisation for Economic -Gperation and Development (OECD, 2009) identifies
national and sector levels as policy entry points that may be useful for adaptation mainstree
National policies and planfclude national visions, poverty reduction strategies, multiy
development plans, and national budgets. Sector development plans, such as transport

plans and their budgets, often flow from national plans and policies. Projects support sectst
and in some cases also national plans, particularly those that are-seotw, regional, and o
extremely high priority. Therefore, influencing these overarching frameworks can affect

projects are prioritised and the criteria they must meet iderto be financed.

Implementation of aradaptation srategywill require sufficient trained resources to implement action
plans and programmes.

Recommended actions

T

Assignsufficient resources to adaptation activities, to provide tapacityfor implemeninga
phased and consistent approatdwardsaddressing climate change risks

Developa programme of training and piloting of the Adaptation Strategy for technical
operational specialists

Agreefor programmes of vulnerabilities to be progreskto options analysis and action pl
development

Initiate I W gdkAyG1Q  LINtRaH IBddsYior'the early implementation of adaptatio
actions where these are straightforward, low cost and their benefits are clear.

Adaptation policies and strategies have to be developed to address the needs of vulnerable communities
and budget constraints thahayimpact on specific areas or activiti€Ehe strategyshouldbe directed at

those areas or regions where there is evidence of adverse effects and where vulnerability assessment
identified the greatest risks to assets, businessed aommunities. The stratgy shouldcomprisethe
following componentsas a minimunto allow maximum active management of the network and help to
communities and markets:

A

Preferred serviceability and accessibility criteri@his is the baseline against which all options can
be gauged. It conforms with agreed strategies and management targets relating to serviceability
and accessibility.

Key focal points requiring normal and emergency acce$beserelate typically to medical
educational, welfare, kegupply water supplyand power supply type facilities. Ideallthey should

be identified through a GIS system and incorporated into an asset management system.

Early warning:Thislinks local monitoring withreaktime regionalmeteorological information to
provide an early warning management system that can be translated into a series of actions by
coordinated stakeholdersWhere early warning systent® not exist these should be established
and possibly linked to disaster resgse functionsThis however is also dependant on cosiswell
astechnical and skills requirements.

Emergency responseThis deak with immediate and threatened access to communities and
facilities

Vulnerable communitiesCollaboration isneeded with @d amongcommunitiesto help maintain
access. Through a consultation andbrmation-sharing programmea network of individuals and
communities should be established to provide selpport and actions to help maintain
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accessibility throughout andfter intense weather periods. Work plans and assistance programmes
should be developed to assist thoa#o are particularly vulnerable.

A Isolated communities Contingencyplans are to be developed and temporary measures put in
place to establish minimum accegmssibly through diversion§uchplans may be temporary or
permanent andshouldprioritise the most vulnerable socieconomic groups.

A KeyA-to-B routes with active diversionsThese areo be deployed as part of a communication
campaign. Temporary diveosis shouldbe developed and managed with active communication
channels to deal with changing daily and weekly dynamics.

A Routes closed for short/long periods and permanentig€ontingencyplansshouldbe developed.
Nonrkey routes might be left closed for tgyarary or extended periods during adverse weather
periods.

The strategyfor this scenaricshouldbe a balance between active and reactive managentleat involves

all stakeholders and communities. It requires naanagement plan, communication plarand an
implementation plan with associated actions and responsibilities. These plans then form the basis of a
cooperative communication and action campaign

Recommendedictions
Maintaina safe and serviceable netwarkthe following ways

A Developproactive strategy and programmes to identify where options can be applied
strategic way(Roadlanning andasset nanagementdepartments)
Developcontingency plangPlanning and disasteranagemendepartments)
Ensue the delineation of alternative routePlanning anddisastermanagemendepartments)
Establishemporary measuregPlanning and disaster managemeipartments)
Monitor climate changes and their effeaiBlanningdepartment collaborating with climate
institutions)
Address themplications and consequences of doing little or nothiigansport planning, asset
management and transport policyedartment9

> > >

>

Besides protecting the value of assets, road user safety should also feature as a prominent issue in any
climate change riskssessment and response strategy. Similarly, the protection of road workers should be
looked after, particularly during extreme weather events where they may be tasked to clear debris, redirect
traffic or institute emergency repairs.

A continuous programra of monitoring and evaluatiohy the RoadéTransportMDA (in collaboration with
disaster response instituti@is needed in those areas where no physical interventions take jsdacthat
all unexpected circumstances can be dealt wilkso by emergencyresponse Climate change andsit
effectsshouldbe monitored and evaluatetb update the managementlans.
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Changemanagementhas the potential for making significant steps towards creating resiliencege with
likely climate effectsin a costeffective way. It covers policyplanning, implementation, stakeholder
engagementsand asset managemenand involvesthe formulation of strategies and programmes for
improvement. Change managements important for implementing institutions as iolate change
adaptation is likely to result in changes to desiggsidelines project planning and execution, asset
management systems, ettt can alsolead to the need to creat& new unit or departmento address
climate change issuewithin the institution. It may therefore change the institutional tradition of
responding to climate events to an approaithwhichlong term measures to reduce climate risks and
secure livelihoodare implemented(Wilby et al, 2011).Change managemeialsopaysparticularattention

to the management of measures that could be takara scenario wherdudgets aregpoor, inadequate or
absent Changemanagementoptions are often referred to asonengineering optionand consist of a
range of policy and management improvements. Associated activities to adiesslaptationof road
infrastructure and asset management tend to be more strategic and organisational in their nature than
engineering options andre generaly appliedin conjunction with engineering options

By implementing an integrated approach, stakeholders can anticipate and mitiggi@iveimpacts in a
more effective way.Thissectionfeaturesa wide range of issues that relate to change managenaek
strategiesto deal with climate effectdDue to the multidimensional aspects of climate change, some items
are more closelyrelated to infrastructure whilst other deal with related domains such as environmental
management and early warning.

Relevant stakeholders includinginistries, DepartmentsAgenciesAuthorities, institutionsand research
organisations should be consultedzurthemore, specific engagement of local communities, fnon
government organisations, angmallto-large businesses operating in the sectesuld be important for
conducting a vulnerability assessment and émgagingin the selectbn of the most effective adaptation
strategies.

Recommended action

Consult with relevant stakeholdedgaling with climate change research and dstiah aghe

following:

A Central government agencig¢bat have a vested interest iroad infrastructure planning an

development

National planning department

National transport sector stakeholdeliscluding pads and tansportMDASs

Investors/funders of road asset projects

Other relevant government ministries/ departments (e.g. agrica@fanvironment, science an

relevant technology sectors)

Climate change committees

Multi-sectoral committees

A Institutes dealing with meteorology/hydrology (e.g. water resources, hydrology and
control)

A Emergency servicesd/or the national departmentlealing with disaster management

Relevant businesses and NGOs

A Locallevel stakeholders directly affected by the activities of the projéa. organisations
involved in road construction and/or maintenance; community representativiesal

> > > >

-
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government representativeswho report to various district and central governme
departments and agencies; affected village groups)

A District representative of central government agencies and departments awtsted interest
in road infrastructure planng and development(e.g. road and transport, disaste
management, environment, agriculture, social and economic development, health, educa

A District road engineers

In addition to engineering support, and depending on the nature of the project, it may be necessary to
consult other technical experts including hydrologssteconomiss$, climate specialists and/or social
scientists.

Remarkson dealing witha poor, inadequaé or absent budget scenario

For project planning, management and coordination purposes, the following stakeholders s
also be engagetb identify and implement remedial actions for dealing with the consequence
potential road closures caused [Bxtreme) weather events

A Local communities and businesses

Local schools, clinics and hospitals

Farmers and traders

Charitable organisations

NGOs

Developmenipartners

> > >y >y >

Climate changes necessitate the introduction of different design criteria, asset management policies,
maintenance cycles, operational strategies, and therefore different funding requirements andhodels.

Recommended actions

Enablethe more effective management of th@ad network by doing the following:

A Improve investment decision tools (e.g. risk assessmentlmstfit analysis, return on
investment) and decision rules for prioritisation of adaptation options and investments

A Estatlish and implement adaptation plans to provide primary and alternative access routi
from a transportation perspective, to mitigate impacts

A Establish emergency routings that have climate resilience

Information Box3

Exampls of actionstaken byUKHighways England to align strategies (Highways Agency, 2008

A Aligmentofi KS NRBI R Fdzi K2NAG&2Qa NBAaALRYyaAoAf Al

A A focuson the activities of the road authority, and how they need to change in response
changing climate

A Identification ofpriority areaswithin institution for action

A Integraion, where possible, with the ways in which the road authority fulfils its cur
responsibilities

A Establisment of clear responsibilities for developing and implementing adaptation actior
specific areas of activity, aridr facilitating strategic oversight of progress and residual risk

A Some actions requirdekxibility to enable the adaptation process to evolve and accommoc
changing demands placed on the road authority, developments in climate science ar
results of research and/or monitoringsome of these items are new additions within rc
departments.
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It might be prudent to appoint aClimate Change Adaptation Programme Manageithin the
RoadsTransport MDA who should be responsiblefor overall management of the implementation of the
Adaptation StrategyHis/her keyresponsibilities could includiae following

A Monitoring legislative and other policy developments

Developingraining materials for technical and operational specialists

Monitoring developments and updating climate trends information

Maintainingthe vulnerabilities schedule

Disseminaibn and communicatiorof outcomes and decisions

Agreeingan annual programme of work with asset managers for options analysis and the
development of adaptation action plans

A Producingactivity and progress reports

> > > > > P

Remarksdealing witha poor, inadequate oabsent budget scenario
For planning, management and coordinatipurposes, relevant plans should also include:
A Information on

0 routes thatmight have tabe closed during extreme weather events or prolonged rainfall,
0 routes thatshouldremain open
o how the open routes link together tensurereliable access to key destinations.

A Contact points for vulnerable communities to receive help, advice and support.

Asset management and associated procedures is a key compateerdelivering more resilient
infrastructure. Asset management systems araportant elements in overall change management as it
represents the link to decision and planning systems.

Recommended actionélso indicating possible responsible et}

Improwe theresilience of the networky doing he following

A Catalogudhe asset inventorfAsset Management Unit)

A Map (by using GIpinfrastructure assets in vulnerable areasventory assets that are
susceptible to climate change impagIS function ilRoads/Transport MDAelse collaborate
with appropriate institution(s)

A Collectelevation information as standard practi¢€|S functionn Roads/Transport MDAelse
collaborate with appropriate institution(¥)

A Use standard data collection systems betweelstdcts so that asset information can t
compiled nationallf{Asset Management Unit)

A Manage construction and operations to minimises effects of seasonal weather extrems
(Planning, Maintenance and Operation unit)

A Update operating procedures to takaccount of the impacts of climate chan¢eg.update
the procedure for working in high temperatupg®lanning Unit Operations Unit)

A Incorporate procedures to augment operational management and particularly inadec
budget scenariasSuch procedureshouldcover:

0 Road weather programmes with a means of sharing dijp-date information on the
internet, via texting or mobile to a network of agreed contact points

o Disaster preparedness planning in collaboration bothwith institutions and with
communities

0 Alternative transportation accessagreed with formal and informal transport supplier

o Evacuation planning at all levelsfrom individuals, families, to whole communities wi
cross agreements between communities to help and support each other
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A Featue road user safetyas a pronment issue in any climate change risk assessment
response strategy.

A Manage thesafe protection of road workersparticularly during extreme weather even
where they may be tasked to clear debris, redir traffic or instiute emergency rpairs
(PIARC, 20)2

Weather variability and the shoraind longterm effects of climate changeouldnecessitate more frequent
maintenance, rehabilitation and reconstruction of road infrastructure (e.g. access roads, geotechnical
structures, bridges and drainage structures), as well as different design requiremahttef whichcould

have animpact onthe budgets of road authoritieg€arly warning systems could enabigime preparation

of emergency response actions, the monitoring of high risk roads (to prevent loss of live), and informing
construction and maintenance sites of risks. These sys@msiormally present in a national disaster
centre, however some roads departments alsovdalisaster management functions to deal with
departmental responses. Links to such early warning/disaster risk ceate®ssential for a roads
department.

Recommendd actions(also indicating possible responsible egt}

A Identify the most coseffective adaptation options to design and construct assets that
more climate resilient and to ensure that ¢aleather) rural accessibility can be sustain
(Roads engineering unit)

A Develop and implementisk-reduction climate adaptation strategies and action plgRslicy
unit)

A Perform periodic maintenance withviewto rectifying emerging problem aregMaintenance
department)

A Allocate funding for emergemgc repairs and for shoftto longterm strengthening of
infrastructure (In house funding function or links to a disaster fund established
government)

For affected infrastructure that is already in place, preparing emergency and maintenance contingency
plans and budgetshouldenable quicker response for the most vulnerable areas. This reduces extended
periods of road closures amather more seriousonsequences of disasters.

Condition assessment and performance modeléing expected tde improved bythe following
A Monitoring and identifyingasset condition in conjunction with environmental conditions (e.g.
temperature, precipitation, winds) to detmine the degree and extertb which climate affects
performance
Incorporatingrisk appraisal into performance modelling and assessment
Identifyinghigh-risk areas and highly vulnerable assets
Usingsmart technologies to monitor the condition of infrasttuce assets
Keeping records of maintenance activities, including specific location
Keeping records of road closures due to, for instance, flooding

> v >y > >

Recommendedictions(Gallivan et al., 2009)

A Establish or enhance cressinisterial committees for managiraaptation to climate change
including for transport.

A Strengthen departments of disaster risk management and meteorology to imf
information basedon which to make decisions.
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A Introduce early warning and response systems for transport ministriesiniprove
maintenance schedules and to respond quickly to ftisaster recovery needs.

A Promote lowrisk adaptation strategiegsuch as cleaning drainage infrastructurspot
maintenance, and focussing maintenance and construction on high risk attests)are
expected tohave development benefits regardless of the nature of climate changes that
take place. This is a useful approach where uncertainty is high regarding climate chan
capital investments for largscale infrastructural changesinnot bejustified.

A Incorporate climate change adaptation into environmental impact assessments and str
environmental assessment guidelines. This can take place specifically in the transport
or, preferably, as part of the national standards. Road aaddport ministries can test tool
and adaptation approaches by applying strategic environmental assessmentdimate
change to their sector policies and plans.

For infrastructure that is already in place, increadimgmaintenance contingency budgeis areas where
climate change impacts are acuteould allow more intensive supervision and monitoring of the most
vulnerable areas (ADB, 2011). This can reduce road closures and more serious consequences of disasters.
Furthermore, maintenance managementssems can include early warning systems to anticipate extreme
events so that crews and contractors can be prepared for an upcoming high rainfall event and possible
landslides.This should ensure that forced road closures are kept to a minimdédternatively, preemptive

road closures may minimise losses of property and Hi@ancialresources are already insufficient to
address dayo-day maintenance problems and emergency repairs caused by weather variapitiych

less to make investmentsndhe basis of changes that may or may not occur years or even generations into
the future. Here however, the identification ofareas of higher priorities for action couldsult in the more
effective application of limited financial resources.

The following specific stages of data collection are recommended following a shomit (by
Roadé#TransportMDAS:

Stage 1 Initial screeningto determine the functionality of the road network in terms of access and
potential hazardsTheitems being recordd at this point may includthe following

Evacuation routes/highways being blocked and/or over congested

Road closures plus reaspior closures (brokenabandoned vehicles, other objects dme road
or unpassable damage

Bridge damge/closure

Flooding as a result a@in event or secondgy flooding due to broken pipes

Risk of secondary spills, leaking gaeep or fallen power lines

Pedestrians or peoplevacuating on foot

A
A

D D >

Stage 2 Detailed assessment or repair needsthis stage Wl involve amore detailed damage assessment
of targeted infrastructure to determine the actual damage and repairebuilding requirementslit will
also includeassessinghe feasibility of emergency repairs that may temporarily restore the functionality of
the route, with more intensive restoration happening at a later stage.

Although the specific roadr route functions may change over time, the road infrastructure remaines af

the top critical infrastructures during the entire duration and in the direct aftermath of the disaster. Zable
(Hallegatte et al.2016) lists some of the prioritiegeffort and resourcesfpllowing an eventalong with the
specific road network function for each of the priorities. Although access is in most cases the main function
for the road network, being able to carry sufficient capacity (e.g. during evacuations) could also be
important.
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Table4: Immediate priorities following a disaster

Road Network

Priority | Objective Priority Function

High Supportimmediate rescue 33% Access & capacity
Enablesupportfrom otherareas 17% Access

Medium | Supportlifelines 15% Access
Repairkey infrastructure 14% Wider mobility
Facilitateaccessibility between communities 7% o

Low Protectenvironment 6% Connectivity, access
Protectprivate poperty 4% and capacity
Protecteconomy 4%

Source(Hallegatte et al.2016

Decision making following @isaster event is uniqu® each event andet ofcircumstances. Where funds
are scarce or absent, actions and solutions are particularly challengittgpugh it is believed that asset
management processes could be of great value during these planning stage#)considerationsuch as
the followingshould be kept in nmd (World Bank2017):

A Planningin terms ofdistinct stages(response recovery, and rebuil)i following a disasterc Each
one of these stages may include a full asset management cycle, although the planning time horizon
of the stages diffes:

0 Responsg planning for the next hours and days
0 Recovery planning for weeks anchonths
0 Rebuildg planning for the longerm, even longer than normal asset management cycles

A Chaosc Postdisaster reviews of major even{®.g. recurring destruction of embankments and
structures in the Limpopo basin in the Gaza Province of Mozambfter) document the initial
stages of the planning processes to be-arganised and fragmented. Having greent planning
strategies in place assists bridging this stage quickly. Some of thevent planning strategies may

include:
0o Where will the data be socedfrom?
o0 How to mobilise planning work forces?
0 Wherearethe most likely places whie planning will take place?

o How will the planning processes be managed?

A Nature of the disasterc The nature and specific damage following a disastér inform the
planning needs

A Mobilisation of workforce ¢ Getting workforces mobilisednay posea significant challenge after
major eventsas workers will also have their own fai®d and properties to attend to

A Community involvement in decision making Disastes are often associated with significant tragic
circumstancesuch adoss of life, destroyed properties and the displacement of large numbers of
people.Obtainingcommunity involvement in the decision making and actual rebuilding is vital. This
priority brings a specific need to the planning process, how it is done and how it is communicated

A Voluntary sector, NGOs and charitie§ Agreementwith key organisationsabout what can be
mobilised for different circumstances and how the chain of command will work

A Police, military and emergency servicesAgreementwith key organisationsbout what can be
mobilised for different circumstances and how the chain of command will work
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A Build back betterc Thisconcept ensugsthe best outcome for the community when decisions are
made and financial aspects#ten become only one of the consideration& main consideration
during this stage istriking abalance between cost and future proofing

Environnental Impact Assessments addretbe effects that roads have on the environment. Climate
adaptation is the conversavith the environment affecting the road infrastructurélowever, many of the
issues and considerations overlapoain be harnessed for both

Some biophysical drivers of vulnerability include poor land management, deforestation, slash and burn
agriculture, monoculture cropping, slope instability, and geophysical instabilities. Some ecosystems, such as
mountain ecosystems, are also inherentlpma sensitive to changes, while othgssich as lowying coastal

areas and desert margihsre more exposed to climate changes and rigisphysical drivers that may
exacerbate damages to roads and stream crossings are potentially numerous andnchale the
following

A Deforestationand loss of land cover

A Anthropogeniaoastal and riverbank erosion

A Ovetextraction of groundwater for domestiagriculturaland/or industrial use
A Ecologicatiegradation caused by unsustainable development

Using GIS, it is useful to map areas that are particularly vulnerable to a combination of local conditions and
climate variability. This assessment can be conducted in the context of initial environmental and social
assessments for a road transport proje€he mapping can point out areas that are vulnerable because of
their geographi@nd sociceconomic characteristics

A Areasthat are sensitive due to topography (e.g. steep slopes), soil composition, geophysical
instabilities or elevation (e.g. meters almsgea level)

A Areasin the watershed that are exposed to climatelated hazards, including floods, landslides and
droughts

There are a number of examples where the environment can be used to alleviate climate effects.
Environmental bufferghat moderate danage from floods, droughts and landslides include increased
vegetative land cover anthe presenation and conservation ofmangroves, wetlands and forestsall of

which help to regulate the hydrologic cycle. Other means of modifying the environmentallbggdrand

river basin management in the vicinity of rural roads include:

Vegetative membranes for embankments or slopes that are unstable or at risk of erosion
Vegetative pavement or channel lining

Flowdeflecting plates or upstream vanes to modify flows

Basins to collect silt and debris

Plant and bush planting to prevent bank erosion

Streamtraining and channel improvements to reduce unstable or unsteady flow
Tetrapodd artificial concrete blocks)

Checldams (installing sills or drop structures)

PP ip i A P PP 2

Adjustments can also be made to environmental management plans by selecting more drangjteat
tolerant indigenous species during pasinstruction rehabilitation works or during maintenance works.
Some of these responsibilities do nesidewith the RoadéTransportMDA and will require collaboration
with other MDAssuch as EnvironmenForestry, Agriculturand Water.

An integrated system appiach should beadopted. For examplegcosysterdbased adaptation strategies
should be designed and implement&alfocus on environmental or green planning for project roads to
improve flood and drought management.lirGate-change resilient trees carbe planted along
embankments of all project roadsgether with selected grass and biomaterialEhisactivity should take
placeafter the roads have been pavesh asnot to obstruct roadwork during the rainy season.
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Otheractivities suggestetbr managingloods anddroughtsincludethe following

A Restoe thenatural form and processes such as allovstrgams and rivers to take natural courses
Use bioengineering anldcal plant species to prevent soil erosion.

Allow unstable slopes to collapse and limit shoreline armouring

Restoreshorelines

Createdrainage ponds and ecological overflow systems

Conducttargeted removal of dikes

Drainwetlands.

> > B> > B

Recommended actions

Road/ Transport MDAs should incorporate appropriate adaptation measures into th
implementation plans

A Introduce climate change vulnerability and adaptation considerationsriteria used for
selecting projects for implementation and financing

Develop sectospecific and countrgpecific screening tools to identify projects at risk
Incorporate contingency budgets for specific adaptation interventions as the need.arises
Adjust zoning regulations for transport infrastructure (for example, to avoid flood 2ones
Design flexible transport infrastructure that can accommodate incremental changes over
Incorporate climate change indicators into budgeting frameworks to enstreumtability.

> > > B>y P>

Surface water hydrology characteristiasd theirmanagementconstitute a key component oadaptation
management. A full understanding of quantities, direction, intensity and period of river catchment flows is
fundamental to adaptation options and measures. Effects range fromediate (within and immediately
adjacentto the road or structurg, to intermediate (where flows and tributaries from immediate river
catchmentsmay affect theroad assety to remotecatchments(that can betransregional andransnational

in their geography

Data management is essential to predict quantities and reperiods for the study areas so that designs
and maintenance regimes can be set out.

In addition, water body/river management practices and structucesild affect the resilience of road
assets. Controlled or uncontrolled water managemprgcticesshould need to be taken into account when
selecting design and maintenance approaches.

During periods of heavy rainfall, the presence of waiety cause impassable conditiosplash and spray,
limited visibility andincreaseddiscomfort.All of thesecould havean impact on safety. Generally, roads are
designed to transport water as quickly as possible from the road surface to the road verges and drainage
systems. High precipitation ratesspecially in hilly areas can cause roads to have a thick surface water
layer or even to be flooded to a certain extent, not only because the water cannot be trans@ovtad
quickly enoughbut also because water flowan to the road from the surrounding environmeni the

latter caseespecially not only wateris transported but also other materialsuchas mud, resultig in
reducedpavement friction (PIARC 20112

Recommended actions

A Cooperate on an inteministeriallevel for riverine and water body management, includi
flood management and emergency controls

A Cooperate on an internationdevelwhere major rivers cross more than one country
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Most current standardsand national guides do not incorporate adaptation principles in any meaningful
way. Investments in the transport sector are generally guided by a large number of design standards and
regulations that in most cases are reflective of historical rather than future airoamditions. The revision

of regulatory and design standards in the transport sector may significantly enhance the resilierase of
transport sector investments to climate chang@ngoing dialogue with national transport sector
stakeholders offers an ogptunity to initiate such revisionln some instancedransport authorities(for
example in Mozambique and Ghana)ave initiated a review of standards and design guidelines to
incorporate issues of climate adaptation.

The impact of using inappropriate dgss and guidelines can be considerable, whether for new
infrastructuredevelopment rehabilitation, upgrading or maintenance of assets. Operational responses are
often gearedtowards addressingshort-term impacts of climate change, particularly recent damage of
existing infrastructure. To make decisions about rehabilitating or retrofitting transportation facilities,
especially those with long design lives, transport planners and engineers must aldectchow climate
change could affect these facilitiesin coming years. Adapting to climate changeuld require re
evaluation, development and regular updating of design standards that guide infrastructure design. In the
interim, producing addendums/appelices to existingtandardsand design documentwill greatly assist

the immediate implementation of more appropriate approacti@®B, 2018; Environmental Agency, 2016)

Updated design requirements, including technical standards and specifications, gimouide additional
resilience and reduce vulnerability. These updated requirements apply to designs for new structures or new
roads, as well as to designs for maintenance, renewal and improvement works.

The full development of desigrstandardsis a timeconsuming and systematic process that involves
professional organisations in an extensive research and testing programme over a period of débades
once thestandardsare in place, engineers are reluctant to change thém the effects oflanate change
result in more regular and abrupt impacts on road pavements, more reguevatiation and updating of
design rules, standards and specifications for road pavemaatsd be required. Thisvould also require
more intensive shortto mediumterm researchas well asdevelopment and implementation efforts to
develop and validate these new design rules, standards and specifications.

The suggestegrioritisation of changes to standards is set out in Figure 9. In a survey of transport officials

in Asia (Regmi et.aR011), respondents were asked if they agreed with 14 statements regarding changes in
design standards and practices. A larger percBrfla 2 F NBaLRyRSyida FyasSNBR
pertaining to addressing changes in precipitation and flood damabes emphasising the importance of
drainage management and protection.

Recommended actionéalso indicating possible responsible et}

A Inspect all existingstandards guides, manuals and similar publications/documents
determine whether climate threats and associated adaptation are adequately co
(RoadgTransportMDAs with assistance from specialists dealing with climate change)

A Determine which documents are being updated @e soon to be updated) and initiat
actions to incorporate adaptation in their Terms of ReferefiReadsTransportMDAS)

A For thosewith no immediate plans to updatelecidewhether to bring forward the updatero
whether to produce some form of augmentatigRoadsTransportMDAS)

A Form a multidisciplinary/multisector working group to scope out and deliver the nece
adaptation augmentation requirements based on the prioritisation set out ak
(RoadsTransportMDAs but couldalsoinvolve Development Partners
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Figure9: Prioritisation of changes to design standards and proposed changes to management
Source(Regmi et a] 2011)

A current constrairt is that climate change impact assessments do mifficiently consider road safety
(Hambley, 2013)Road user safety should feature prominently in any climate change risk assessment
process Risks that could be attributed directly to climate change effects incthdefollowing (PIARC,
2012:

A Aquaplaning of vehicles on water accumulated on the road surface and indugsip instability
from potholes or subsidence

A Skidding of vehicles caused &jack of friction during or shortly after intense precipitation events,
or as a result of bleeding of bituminous road surfacaused by high temperatures

A Loss ofcontrol over a vehicle as a result of severe wind conditions, high currents during flooding,
etc.

A Reduction in visibility during intense precipitation events and sand storms

A Impairment as a result of flooding, landsligesud flows etc.

Recommended actionéalso indicating possible responsible et}

A Conduct risk assessments part of normal network management. This activity should
augmented to cover additional riskdue to adverse weatheror adaptation activities
(RoadgTransportMDAS)

A Carry outroad safety auditdor new construction programmes artstoadenthese audits to
coverthe effects of adverse weather and the associated adapta{RoadsTransport MDAS,
with assistance from road safety specialists)
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