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Abstract  

The African continent may be facing a potential direct liability in excess of $150 billion to 
repair and maintain existing roads damaged from temperature and precipitation changes 
directly related to projected climate change through this Century.  This liability does not 
include costs associated with impacts to critically-needed new roads, nor does it include 
indirect socio-economic effects generated from dislocated communities and from loss of 
rural access. 

In order to help address this significant threat to Africa’s development, the Africa 
Community Access Partnership (AfCAP), a research programme funded by UKAid, has 
commissioned a project that started in April 2016 and is expected to be completed by 
December 2018, to produce regional guidance on the development of climate-resilient rural 
access in Africa through research and knowledge sharing within and between participating 
countries. The output will assist the development of a climate-resilient road network that 
reaches fully into and between rural communities. 

The study focusses on: (a) demonstrating appropriate engineering and non-engineering 
adaptation procedures; (b) sustainable enhancement in the capacity of three AfCAP partner 
countries; (c) sustainable enhancement in the capacity of additional AfCAP partner 
countries; and (d) uptake and embedment across AfCAP partner countries. 

This second Quarterly Progress Report outlines the progress that has been made since the 
first Quarterly Progress Report of August 2017. It primarily focusses on the following five 
activities: (a) progress on the establishment of demonstration sections; (b) further progress 
made on the development of a climate threat and vulnerability assessment methodology; 
(c) feedback on the workshop held in Mozambique in September 2017; (d) the adaptation of 
conventional asset management practices to incorporate climate effects; and (e) the status 
of the country reports primarily focussing on the aspects of change management. 
 

Key words  
Asset Management; Capacity Building; Change Management, Climate Adaptation; Climate 
Change; Climate Impact; Climate Threat; Climate Variability; Demonstration; Risk; Rural 
Access; Resilience; Vulnerability  
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AFRICA COMMUNITY ACCESS PARTNERSHIP (AfCAP) 

Safe and sustainable transport for rural communities 
 

AfCAP is a research programme, funded by UK Aid, with the aim of promoting 
safe and sustainable transport for rural communities in Africa. The AfCAP 

partnership supports knowledge sharing between participating countries in 
order to enhance the uptake of low cost, proven solutions for rural access 

that maximise the use of local resources. AfCAP is brought together with the 
Asia Community Access Partnership (AsCAP) under the Research for 

Community Access Partnership (ReCAP), managed by Cardno Emerging 
Markets (UK) Ltd. 

 
See www.research4cap.org 
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Glossary (within the context of this project) 

Adaptation Autonomous or policy-driven adjustments in practices, processes or structures to 
take account of changing conditions. 

Adaptive Capacity The degree to which adjustments in practices, processes and structures can 
moderate or offset the potential for damage or take advantage of opportunities 
created by a given change [in climate]. 

Adaptation Needs The circumstances requiring actions to ensure safety of populations and security 
of assets in response to climate impacts. 

Adaptation Options The array of strategies and measures that are available and appropriate for 
addressing adaptation needs. They include a wide range of actions that can be 
characterised as structural, institutional, or social. 

Capacity Building The ability of enhancing strengths and attributes of, and resources available to, an 
individual community, society, or organisation to response to change. 

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

Climate Change Change in the state of the climate that can be identified (e.g. using statistical 
tests) by changes in the mean and/or the variability of its properties, and that 
persists for an extended period, typically decades or longer. It refers to any 
change in climate over time, whether due to natural variability or as a result of 
human activity. 

Climate Variability Variations in the mean state and other statistics of the climate on all spatial and 
temporal scales beyond those of individual weather elements. Variability may be 
due to natural internal processes within the climate system (internal variability) or 
to variations in natural or anthropogenic external forcing (external variability).  

Disaster Severe alterations in the normal functioning of a community or a society due to 
hazardous physical events interacting with vulnerable social conditions, leading to 
widespread adverse human, material, economic, or environmental effects that 
require immediate emergency response to satisfy critical human needs and that 
may require external support for recovery. 

Early Warning Systems The set of capacities needed to generate and disseminate timely and meaningful 
warning information to enable individuals, communities, and organisations 
threatened by a hazard to prepare to act promptly and appropriately to reduce 
the possibility of harm or loss. 

Exposure The presence of people, livelihoods, species or ecosystems, environmental 
functions, services, and resources, infrastructure, or economic, social, or cultural 
assets in places and settings that could be adversely affected. 

Extreme Weather Events An event that is rare at a particular place and time of year. Definitions of rare 
vary, but an extreme weather event would normally be as rare as or rarer than 
the 10th or 90th percentile of a probability density function estimated from 
observations. By definition, the characteristics of what is called extreme weather 
may vary from place to place in an absolute sense. When a pattern of extreme 
weather persists for some time, such as a season, it may be classed as an extreme 
climate event, especially if it yields an average or total that is itself extreme (e.g., 
drought or heavy rainfall over a season). 

Flood The overflowing of the normal confines of a stream or other body of water, or the 
accumulation of water over areas not normally submerged. Floods include river 
(fluvial) floods, flash floods, urban floods, pluvial floods, sewer floods, coastal 
floods, and glacial lake outburst floods. 
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Hazard The potential occurrence of a natural or human-induced physical event or trend 
or physical impact that may cause loss of life, injury, or other health impacts, as 
well as damage and loss to property, infrastructure, livelihoods, service provision, 
ecosystems, and environmental resources. In this report, the term hazard usually 
refers to climate-related physical events or trends or their physical impacts. 

Impacts (Consequences, 
Outcomes) 

Effects on natural and human systems. In this report, the term impacts is used 
primarily to refer to the effects on natural and human systems of extreme 
weather and climate events and of climate change. Impacts generally refer to 
effects on lives, livelihoods, health, ecosystems, economies, societies, cultures, 
services, and infrastructure due to the interaction of climate changes or 
hazardous climate events occurring within a specific time period and the 
vulnerability of an exposed society or system. Impacts are also referred to as 
consequences and outcomes. The impacts of climate change on geophysical 
systems, including floods, droughts, and sea level rise, are a subset of impacts 
called physical impacts. 

Impact Assessment The practice of identifying and evaluating, in monetary and/or nonmonetary 
terms, the effects of [climate] change on natural and human systems. 

Likelihood The chance of a specific outcome occurring, where this might be estimated 
probabilistically. 

Mitigation The lessening of the potential adverse impacts of physical hazards (including 
those that are human-induced) through actions that reduce hazard, exposure, and 
vulnerability. 

Resilience The capacity of social, economic, and environmental systems to cope with a 
hazardous event or trend or disturbance, responding or reorganizing in ways that 
maintain their essential function, identity, and structure, while also maintaining 
the capacity for adaptation, learning, and transformation. 

Risk The potential for consequences where something of value is at stake and where 
the outcome is uncertain, recognising the diversity of values. Risk is often 
represented as probability of occurrence of hazardous events or trends multiplied 
by the impacts if these events or trends occur. Risk results from the interaction of 
vulnerability, exposure, and hazard. In this report, the term ‘risk’ is used primarily 
to refer to the risks of climate impacts. 

Risk Assessment The qualitative and/or quantitative scientific estimation of risks. 

Risk Management Plans, actions, or policies to reduce the likelihood and/or consequences of risks or 
to respond to consequences. 

Stressors Events and trends, often not climate-related, that have an important effect on the 
system exposed and can increase vulnerability to climate related risk. 

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

Vulnerability The propensity or predisposition to be adversely affected. Vulnerability 
encompasses a variety of concepts and elements including sensitivity or 
susceptibility to harm and lack of capacity to cope and adapt. 

Vulnerability Assessment Process which attempts to identify the root causes for a system’s vulnerability [to 
climate variability and change). 
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Acronyms, Units and Currencies  

$ United States Dollar 

AfCAP Africa Community Access Partnership 

ADB Asian Development Bank 

AfDB African Development Bank 

AM Asset Management 

ANE Administração Nacional de Estradas (National Roads Administration, 
Mozambique) 

AsCAP Asia Community Access Partnership 

CAA Climate Adaptation Assessment 

CEDR European Conference of Directors of Roads 

CSIR Council for Scientific and Industrial Research, South Africa 

DFID Department for International Development, UK 

DFR Department of Feeder Roads, Ghana 

ERA Ethiopian Roads Authority 

EU European Union 

GIS Geographic Information System 

IIMM International Infrastructure Management Manual 

JICA Japan International Cooperation Agency 

LVRR Low Volume Rural Roads 

NDF Nordic Development Fund 

PMU Programme Management Unit, ReCAP 

RAMS Road Asset Management System 

ReCAP Research for Community Access Partnership 

SANRAL South African National Roads Agency Ltd 

TMH Technical Methods for Highways (South Africa) 

TS Transport Services 

UK United Kingdom (of Great Britain and Northern Ireland) 

UKAid United Kingdom Aid (Department for International Development, DFID) 

UN United Nations 

VCI Visual Condition Index 
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1. Executive Summary  

Africa is experiencing dramatic changes to the continent’s climate, which is causing widespread 
damage to road infrastructure and its associated assets. Rural accessibility is being compromised in a 
number of countries and sub-regions for increasing proportions of the year, with both direct and 
indirect adverse effects on livelihoods and associated socio-economic development.  

In order to help address this significant threat to Africa’s development, the Africa Community Access 
Partnership (AfCAP), a research programme funded by UKAid, commissioned a project in April 2016 
to produce regional guidance on the development of climate-resilient rural access in Africa through 
research and knowledge sharing within and between participating countries. Research is being 
conducted on appropriate and economic methodologies for risk and vulnerability assessments; 
prioritisation of adaptation interventions; and optimisation of asset resilience in the context of rural 
access. In addition, evidence of cost, economic and social benefit links to rural communities arising 
from more resilient rural access will be required to support wider policy adoption across Africa.  

Previous outputs from this project included an overview of current and projected climate threats 
and their impact on low-volume road infrastructure in particularly AfCAP Partner Countries; risk and 
vulnerability assessment methodologies; adaptation methodologies; and engineering and non-
engineering adaptation options. Preliminary work was also done to establish demonstration sections 
in three lead countries, namely Ethiopia, Ghana and Mozambique, followed by workshops held in 
these countries. The purpose of these workshops was to assess these outputs as well as to identify 
the countries’ priorities for uptake and embedment.  

The current focus of the project is on demonstrations of appropriate practices, capacity building, and 
the uptake and subsequent embedment of outcomes at a range of levels, from informing national 
policies, through regional and district planning, down to practical guidance on adaptation delivery at 
rural road level. The demonstrations will largely focus on demonstrating the vulnerability 
assessment and climate adaptation methodologies.  

This second Quarterly Progress Report presents the progress made since August 20171. It primarily 

focusses on the following five activities:  

a) progress on the establishment of demonstration sections;  

b) further progress made on the development of a climate threat and vulnerability assessment 
methodology;  

c) feedback on the workshop held in Mozambique in September 2017;  

d) the adaptation of conventional asset management practices to incorporate climate effects; 
and  

e) the status of the country reports primarily focussing on the aspects of change management.  

 
 

 

                                                           
1 An overview of the activities undertaken between April 2017 and June 2017 are presented in the Inception 

Report for Phase 2 (Verhaeghe et al., 2017a) and those undertaken between June 2017 and August 2017 in the 
first Quarterly Progress Report (Verhaeghe et al., 2017b) 
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2. Introduction 

2.1 Brief Introduction to the Programme and Beneficiaries   

The Africa Community Access Partnership (AfCAP) is a programme of applied research and 
knowledge dissemination funded by the UK Government though the Department for International 
Development (DFID).  AfCAP is promoting safe and sustainable rural access in Africa through 
research and knowledge-sharing between participating countries and the wider community.    

The proposed main beneficiaries of this Regional Project are the AfCAP Partner Countries, which 
currently consist of the Democratic Republic of Congo, Ethiopia, Ghana, Kenya, Liberia, Malawi, 
Mozambique, Sierra Leone, South Sudan, Tanzania, Uganda and Zambia. The main focus is on low-
volume road network and transport services that serve rural communities.  

The AfCAP Partner Countries are shown on the map below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

2.2 Delivery Organisations 

The delivery organisation of the project is a Consortium consisting of the Council for Scientific and 
Industrial Research (CSIR), Paige-Green Consulting (Pty) Ltd and St Helens Consulting Ltd. The 
Consortium is led by CSIR. 

2.3 Key dates 

The period of implementation of this project is 33 months, from April 2016 to December 2018. It is 
conducted in two phases: 

 Phase 1: April 2016 to February 2017 (11 months) 

 Phase 2: April 2017 to December 2018 (21 months) 
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3. Project Background 

3.1 General  

Africa is experiencing more extreme climate events such as droughts, floods, storms and cyclones. 
Dramatic changes to the continent’s climate is causing widespread damage to road infrastructure 
and its associated assets. Rural accessibility is being compromised in a number of countries and sub-
regions for increasing proportions of the year, with both direct and indirect adverse effects on 
livelihoods and associated socio-economic development.  

In order to help address this significant threat to Africa’s development, the Africa Community Access 
Partnership (AfCAP), a two-phased research programme funded by UKAid, commissioned a project 
in April 2016 to produce regional guidance on the development of climate-resilient rural access in 
Africa through research and knowledge sharing within and between participating countries. 
Research is being conducted on appropriate and economic methodologies for risk and vulnerability 
assessments; prioritisation of adaptation interventions; and optimisation of asset resilience in the 
context of rural access. In addition, evidence of cost, economic and social benefit links to rural 
communities arising from more resilient rural access will be required to support wider policy 
adoption across Africa.  

Outputs from Phase 1 address current and projected climate threats and their impact on low-volume 
road infrastructure; risk and vulnerability assessment methodologies; adaptation methodologies; 
and engineering and non-engineering adaptation options. Preliminary work was also done to 
establish demonstration sections in three lead countries, namely Ethiopia, Ghana and Mozambique, 
followed by workshops held in these countries. The purpose of these workshops was to assess these 
outputs as well as to identify the countries’ priorities for Phase 2 of this project.  

Phase 2 will mainly focus on demonstrations of appropriate practices, capacity building, and the 
uptake and subsequent embedment of outcomes at a range of levels, from informing national 
policies, through regional and district planning, down to practical guidance on adaptation delivery at 
rural road level. The demonstrations will largely focus on demonstrating the vulnerability 
assessment and climate adaptation methodologies.  

During Phase 2, synergies will be sought with relevant Development Partners’ programmes such as 
Ethiopia (World Bank), Kenya (World Bank), Mozambique (EU, NDF, World Bank) and Tanzania 
(DFID), focussing on programmes that are aligned with the general objectives of this project. This is 
considered important to prevent duplication of efforts and to harmonise approaches that could be 
deployed across the sub-Saharan region. 

3.2 Research Objectives 

The overall project objectives remain as follows (quoted from the project’s Terms of Reference):  

 The fundamental research objective of this project is to identify, characterise and 
demonstrate appropriate engineering and non-engineering adaptation procedures that may 
be implemented to strengthen the long-term resilience of rural access 

 Capacity Building and Knowledge Exchange. The appointed consultants must engage 
meaningfully, from project inception onwards, with relevant partner-country Road and 
Transport Ministries, Departments and Agencies/Authorities in a knowledge dissemination 
and capacity building programme based on the outputs from the research. Capacity building 
should include a wide range of targets from central government agencies to village groups.  

 Uptake and Embedment are integral elements of this project. The appointed consultants 
must ensure that there is focus on uptake and subsequent embedment of outcomes. This 
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must be aimed at a range of levels from informing national policies, through regional and 
district planning, down to practical guidance on adaptation delivery at rural road level.   

The focus of Phase 1 of the Project was primarily on the establishment of an approach to climate 
adaptation through research and knowledge exchange. A further aim was to provide consensus for 
the implementation of demonstration sections in Ethiopia, Ghana and Mozambique, and to 
deliberate on the initial guideline documents produced at workshops held in these three countries.  

Phase 2 will mainly focus on demonstrations of appropriate practices, capacity building, and the 
uptake and subsequent sustainable embedment of Phase 1 outputs at a range of levels, from 
informing national policies, through regional and district planning, down to practical guidance on 
adaptation delivery at rural road level. The demonstrations will largely focus on demonstrating the 
vulnerability assessment and climate adaptation methodologies. 

3.3 Scope of Phase 2 

The following five distinct parts have been adopted for Phase 2, reflecting the programme’s aim and 
objectives (cf. Inception Report for Phase 2 (Verhaeghe et al., 2017a) for more information on the 
methodology and programme): 
 

1. PART A: Demonstrate appropriate engineering and non-engineering adaptation 
procedures 

Identify, characterise and demonstrate appropriate engineering and non-engineering 
adaptation procedures that may be implemented to strengthen the long-term resilience 
of rural access. Assess the socio-economic impacts of adopting more climate resilient 
adaptations. 

2. PART B: sustainable enhancement in the capacity of three AfCAP partner countries 

Engage meaningfully, from project inception onwards, with relevant partner-country 
Road and Transport Ministries, Departments and Agencies/Authorities in a knowledge 
dissemination and capacity building programme based on the outputs from the research. 
Capacity building should include a wide range of targets from central government 
agencies to village groups.  

3. PART C: sustainable enhancement in the capacity of additional AfCAP partner countries 

Carry out situational analysis and initiate capacity building programme in additional 
countries. 

4. PART D: uptake and embedment across AfCAP partner countries 

Uptake and embedment will assume the format of informing national policies, through 
regional and district planning, down to practical guidance on adaptation delivery at rural 
road level.   

5. PART E: Phase 3 recommendations 

Set out costed long-term monitoring and evaluation proposals, as well as any future 
actions that may be required to strengthen uptake and embedment. 
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4 Activity Progress 

4.1 Overview of activities between April 2017and June 2017 

The following activities were reported in the Inception Report for Phase 2 (Verhaeghe et al., 2017a): 

1. The outcomes of two workshops on climate adaptation, namely: the Tanzania 
Stakeholder Workshop (April 2017), and an AfCAP Workshop held at the 8th Africa 
Transportation Technology Transfer Conference held in Zambia in May 2017;  

2. Assessment of methods and/or screening tools used by the World Bank, the EU, the 
European Conference of Directors of Roads (CEDR) and the Asian Development Bank 
(ADB) to map climate vulnerability regionally, nationally and locally, and benchmarking of 
the method proposed by the AfCAP Project Team against these four methods; 

3. Progress on the drafting of a generic Handbook outlining the climate adaptation 
methodology, as well as on guidelines for non-engineering adaptation measures.   

4.2 Overview of activities between June 2017 and August 2017  

The following activities were reported in the first Progress Report for Phase 2 (Verhaeghe et al., 
2017b): 

1. Progress on the establishment of demonstration sections;  

2. The development of a climate threat and vulnerability methodology for application at a 
local/project level; and  

3. The development of the draft Climate Adaptation Handbook and the three associated 
guidelines, namely Change Management Guidelines, Climate Threats and Vulnerability 
Assessment Guidelines; and Engineering Adaptation Guidelines. 

4.3 Overview of activities between August 2017 and November 2017 

4.3.1 Demonstration sections 

Whereas the designs for the demonstration sections on the Mohambe - Maqueze road in 
Mozambique have been completed (cf. Verhaeghe et al., 2017b) and the contractor has initiated 
construction, some challenges are still being experienced with the proposed demonstration sections 
in Ethiopia and particularly Ghana. Sections in Ethiopia and Ghana that were on upgrading/ 
improvement programmes were identified and inspected in the three countries with local staff 
during Phase 1 of this project, and adaptation measures for each road were identified. The following 
stage was to develop detailed designs for the demonstration sections. However, since then, several 
changes have occurred, both in terms of:  

(a) the physical demonstration sections themselves; and  
(b) the implementation methodology to be deployed to ensure relevance and maximise uptake.  

With respect to (a), the current status of the demonstration sections in the two countries is as 
follows: 

i. The Tulubolo to Kela road in Ethiopia that was initially planned to remain unpaved will now 
be upgraded to a paved standard. A Design and Build Contractor has been appointed, and 
the design of the rehabilitation/upgrading works has been initiated. Further information of 
the Tulubolo to Kela road is provided in Section 4.3.1.1. 

In view of the scope change, the Project Team will have to review the proposed designs for 
the demonstration sections, also to identify new demonstration sections, but the most likely 
scenario for the Project Team would be to identify a new low-volume access road on which 



Climate Adaptation: Risk Management and Resilience Optimisation for Vulnerable Road Access in Africa: 2nd Progress Report 

Page 14 

to construct the demonstration sections. The above will be investigated in early December 
2017, prior to the Workshop to be held on 7 and 8 December in fairly close proximity of the 
Tulubolo to Kela road.  

ii. Confirmation is still being awaited as to whether or not the rehabilitation of the Tampion to 
Tidjo road in Ghana will go ahead as planned. Based on information received from the 
Department of Feeder Roads (DFR) on 7 November 2017, the project is still at the 
procurement stage. 

With respect to (b), it was emphasised that there can be no disconnection between the 
Handbook/Guidelines and the Demonstrations. The Handbook and Guidelines need to be validated 
against the Demonstrations to ensure that they are practical at low-volume rural road level, while 
the Demonstrations should also form the basis for capacity building of local stakeholders in 
adaptation design based on the Handbook and Guidelines.    

Because of the above linkages, delays in the initiation of the demonstration sections have also 
impacted on the workshops to be held in the three countries. 

4.3.1.1 Tulubolo to Kela Road in Ethiopia 

As part of the AfCAP climate vulnerability project, the selection of a road for the construction of 
Demonstration Sections is required. This road needs to be on an improvement/upgrading/ 
rehabilitation programme with funding already allocated for the works. 

In the case of Ethiopia, the Tulubolo to Kela road was selected. It was a gravel road linking not only 
Tulobolo to Kela, but also linking the village of Chulule to Tulubolo (27.1km) and Chulule to Kela 
(52.8km). The road width was approximately 6m, but often narrower in hilly terrain. When the 
Project Team, based on the recommendations of the Ethiopian Roads Authority (ERA), selected this 
road, the original plan of ERA was to rehabilitate this road, but still maintain its status as a low-
volume unpaved road. 

An economic analysis spanning the period 2021 to 2040 was conducted, evaluating the project 
viability, the design alternatives and the economic costs. Based on the analysis of three scenarios – 
the upgrading of the existing pavement to an asphalt concrete pavement, upgrading to a double 
bituminous surface treated pavement and a do nothing scenario – the analysis concluded that 
upgrading the existing road should be supported since it would be viable. The outcomes of the two 
design alternatives were fairly identical with the asphalt concrete pavement being slightly more 
viable than the double bituminous surface treated pavement (19.7% compared to 19.5%). 

According to the economic analysis, the construction period is assumed to take place from 2019 to 
2020; over a period of two years, but with a construction start date beyond the end date of this 
AfCAP project. 

Based on the draft designs presented to the Project Team (the Team is still awaiting a copy of the 
Final Concept Design Report), the intension is now to upgrade the road to a paved standard. The 
following are proposed: 

i. Use the existing road as a subgrade, or improve its quality; 
ii. Construct a 200mm to 275mm granular subbase, the thickness of the layer being dependent 

on the quality of the subgrade); 
iii. Construct a 175mm crushed stone base course; and 
iv. Apply a 50mm asphalt concrete surfacing. 

In general, it is proposed to widen the carriageway from 6m to 7m with 1.5m shoulders (surfaced 
with a single seal) on each side. Drainage channels on one or both sides of the road will also be 
provided, with an additional furrow in hilly areas, particularly where significant cuts and fills will be 
required. 
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Typical cross-sections are presented in the figures below:  

 

 

With respect to traffic, the following were projected (AADT: Annual Average Daily Traffic): 

i. Section A (Tulubolo to Chulule): 
a. Current AADT (estimated up to 2016): 380 AADT 
b. Forecasted AADT: (i) at midlife 1,928 AADT; (ii) over full project life 4,755 AADT 

ii. Section B (Chulule to Kela) 
a. Current AADT (estimated up to 2016): 99 AADT 
b. Forecasted AADT: (i) at midlife 648 AADT [at Kela 300 AADT]; (ii) over full project life 

1,586 AADT [at Kela 737 AADT] 

Based on the information presented above, the Tulubolo to Kela road can no longer be considered 
to be a typical low-volume rural access road, although this can only be confirmed after having 
received and studied the Final Concept Design Report.  

In order to advance this project, it is proposed that the current Tulubolo to Kela road still be used as 
a training ground for the first Workshop that will be held in Ethiopia in December 2017, where one 
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of the main purposes of the workshop is to induct and to provide hands-on training in the use of the 
Climate Adaptation Handbook and associated Guidelines, also with the purpose to identify areas in 
the Handbook and Guidelines that would require further improvements.   

This said, a more appropriate road for the construction of the demonstration sections will have to be 
found – to be discussed with ERA and the ReCAP PMU. The new road selected for the demonstration 
sections will be subjected to a full climate assessment as per the Handbook procedures. 

4.3.2 Climate threat and vulnerability assessment methodology 

4.3.2.1 District-level climate risk screening 

Previously the Project Team developed and demonstrated a district-level vulnerability assessment 
method, namely the “District-level climate risk screening” in the Climate Threats and Vulnerability 
Assessment Guidelines (le Roux et al., 2017).  The method was comprehensively demonstrated 
through a case study of Mozambique.  Since August 2017, the team went on to implementing the 
method for firstly Ethiopia and this will be followed by Ghana.  The plan is that Ghana would be 
completed by the end of December 2017. Preliminary results from the district-level climate 
screening for Ethiopia have been produced and are in the process of being analysed and written up.  
Figure 1 shows maps of information layers that are combined when calculating the score for the 
vulnerability indicator.  These maps show historical flood affected areas, network coverage, access 
index and frequency of extreme rainfall days, all of which are overlaid with the road network 
condition and town hierarchy information.   
 

 
Figure 1a: Ethiopia – Flood exposure and accessibility to roads 

 

 



Climate Adaptation: Risk Management and Resilience Optimisation for Vulnerable Road Access in Africa: 2nd Progress Report 

Page 17 

 
Figure 1b: Ethiopia – Network coverage and density of roads 

 

 

Figure 1c: Ethiopia – Rural road accessibility and population isolation 
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Figure 1d: Ethiopia – Road exposure to 2050 projected changes in climate 

 
During September 2017, further revisions of the draft journal article (title: “A framework for 
assessing the vulnerability of rural access roads to a changing climate”) were undertaken. As part of 
the revisions a higher impact international journal is now targeted, namely the International Journal 
of Disaster Risk Reduction.  The intention is to submit the paper by the end of December 2017 at the 
earliest, or January 2018 at the latest.  

4.3.2.2 Local-level road vulnerability assessment  

In August 2017, the team finalised the “local/road level climate risk and vulnerability assessment” 
methodology (le Roux et al., 2017).  Vetting of the local assessment method shown in Figure 2 is 
currently underway and the plan is to refine the method once critical feedback has been received 
from all the stakeholders. 
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Figure 2: Framework developed for assessing road vulnerability to climate threats at local community scale 

 
In the top-down geospatial indicator-based district-level climate screening method, a vulnerability 
score for each district is obtained by jointly considering all climate threats which are primarily 
expressed in terms of climate indicators.  In contrast, compositionally complex climate threats are 
considered in the local assessment, leading to the quantification of road vulnerability to each 
composite threat rather than using a single indicator to quantify vulnerability all threats 
simultaneously.  A single non-differentiated vulnerability indicator would not be sufficient to inform 
engineering design decisions and to aid in adaptation of road asset management systems for 
inclusion of information to support climate proofing interventions.   
 
Rural access roads are mostly unpaved. Therefore, composite climate threats considered include 
erosion and failure of earthworks, flooding of road surface and loss of road structure integrity. The 
proposed local road vulnerability assessment would therefore require a combination of already 
digitised fine resolution geospatial data and “field survey data” consisting of local road environment 
visual inspection and the community’s input on observed climate impact severity. Therefore, during 
September 2017, the Project Team developed a tool to collect local road data (Figure 3). To aid the 
development of the tool, the South African Department of Transport’s Unpaved Roads Network 
Level Visual Assessments sheet and recommendations from the Overseas Road Note 20 (TRL Limited, 
2003) were consulted in addition to ideas already conceived during the development of the method 
detailed in the Climate Threats and Vulnerability Assessment Guidelines. This tool will complement 
the detailed strip maps already developed by the Project Team. 
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Unpaved Road Network Level Visual Assessment  

         Road Link Identification  

Province    District    Date    

Road code    Road name    Prepared by   

From km   To km   
   

         Visual Segment Identification  

Segment number   Segment start km   
Segment end 
km 

    

         Road Description 

Road type  Gravel  Earth  Track  
 

Road width    

Wearing course 
material 

      
 

Moisture  Wet Dry 

         

   
1 2 3 4 5 

 

General performance 
 

Very good  Good  Average  Poor  Very poor 
 

         
Gravel quality  

 
Very good  Good  Average  Poor  Very poor 

 

Influencing factors  
   

Clay  Sand  
Gravel / 
stones  

         
Gravel quantity    Plenty  Sufficient 

Isolated 
exposures 

Extensive 
exposures 

None  

 

  
  

     

Road profile/shape 
 

Very good  Good  Flat  Uneven Very uneven 
 

         
Riding quality  

 
Very good 

(>100km/h)  
Good 

(100km/h) 
Average 
(80km/h) 

Poor   (60km/h) 
Very poor 
(40km/h)  

Influencing factors  
 

Corrugation
s  

Loose 
material  

Stoniness Potholes / ruts / erosion  
 

         
Drainage from the 
road  

Well above 
ground 

Slightly 
above 
ground  

Level with 
ground  

Slightly below 
ground 

Canal 
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Isolated problems  
 

Potholes  
Subgrade 
exposure  

Transverse 
erosion  

Longitudinal 
erosion  

Rough area / 
Slipperiness  

Degree (1-slight, 2-moderate, 3-severe)           
 

Extent (1-isolated, 2-moderate, 3-
extensive) 

          
 

         
Maintenance action  

 
Local repairs  

Routine 
blading  

Reshaping 
Reworking / 
Regravelling  

Drainage 
improvement  

         
Road environment 

Topography 
 

Gentle hill 

Flat area 
(no visible 

water 
body) 

Floodplain Steep hill 
 

         

Slope protection works (steep 
slopes, embankments)  

Stable slope 
with 

protection 
works 

Unstable 
slope, with 
protection 

works 

Unstable slope, 
inadequate 

protection works 

Unstable 
slope, no 

protection 
works 

 

         

Land cover and use (vegetation) 
 

Forest/dens
e vegetation  

Village 
(vegetation 

present) 
Arable land  

Degraded 
land  

         
Proximity to water body  

 
Not visible 
from road 

Visible but 
far 

Visible and 
nearby 

Crosses the 
road  

         

Condition of water drainage 
structure  

No silt/ 
vegetation 

(clear) 

< 20% 
covered in 

silt/ 
vegetation 

20- 50% covered 
in silt/ 

vegetation 

> 50% 
covered in 

silt/ 
vegetation 

 

         

Previous environmental damage  
 

None  
Minor 

erosion  
Wild fires, major 

erosion 
Flooding / 
landslides  

Indicate direction of previous 
environmental damage (use 
arrows) 

 
      

 

         
Other comments on general area 
around road 

  

         Road use 

Access to facilities 
 

Border post Schools Health centres 
Market/tow

n  

         
Number of alternative roads 

 
None 1 2 More than 2 

 

         

Common vehicle types 
 

Carts, 
motorcycles/ 

bicycles 

Small 
private 
vehicles 

Light utility 
vehicles 

Trucks 
 

Figure 3: Field assessment sheet developed to aid additional data collection for local assessment 
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4.3.3 Workshop held in Mozambique 

4.3.3.1 General 

A Workshop was held in Chibuto in the Province of Gaza, Mozambique, on 19 to 20 September 2017. 
The workshop was attended by ANE delegates, as well as by a number of consultants and 
contractors currently working on World Bank funded road projects in the Gaza Province; roads that 
are being reconstructed after flood events. 

The Workshop served the following two main purposes: 

i. For the Project Team to induct ANE staff and invited consultants/contractors on the 
proposed climate adaptation methodology as outlined in the following Handbook and 
Guidelines published (in draft) by the Project Team in August 2017: 

a. Climate Adaptation Handbook (Head et al., 2017a);  
b. Change Management Guidelines (head et al., 2017b; 
c. Climate Threats and Vulnerability Assessment Guidelines (le Roux et al., 2017); and 
d. Engineering Adaptation Guidelines (Paige-Green et al., 2017). 

It should, however, be noted that, whereas the basic principles of Change Management 
were outlined, the primary focus of the Workshop was to induct the delegates on the 
Climate Adaptation Methodology. 

ii. For the Workshop delegates to identify potential shortcomings of, and recommendations for 
improvements to the methodology (and supporting documentation) so that the above 
Handbook and associated Guidelines will eventually add significant value to ANE as well as to 
their consultants and contractors.  

The format of the Workshop was as follows: 

i. Day 1: Overview of the Handbook and associated Guidelines, predominantly focussing on 
Stages 2 to 4 of the Adaptation Methodology as described in the Climate Adaptation 
Handbook, these being: 

a. Stage 2: Impact and vulnerability assessment at project level 
b. Stage 3: Technical and economic evaluation of options 
c. Stage 4: Project design and implementation 

The purpose for only focussing on Stages 2 to 4 was to provide sufficient guidance to the 
Workshop delegates to enable them to apply the concepts in practice (Day 2 of the 
Workshop). 

ii. Day 2: Hands-on training of the Workshop delegates on identifying potential climate-related 
threats and vulnerable assets, and potential adaptation measures on preselected sections of 
the Mohambe to Maqueze road. 

Information on the Workshop programme, the delegates who attended the Workshop and the 
assessment of the Workshop by the delegates are presented in Annex A. 

4.3.3.2 Climate threats and vulnerability assessment methodology component of the Workshop 

The local road environment inspection tool presented in Section 4.3.2.2 was piloted on the 
demonstration sections of the Mohambe to Maqueze demonstration road in Mozambique at a 
Workshop. 

The Mohambe to Maqueze road is shown in Figures 4 and 5. 
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Figure 4: Mohambe to Maqueze demonstration road 

 

 
Figure 5: Mohambe to Maqueze demonstration road 

 
Day 1 of the workshop involved presenting and discussing the Handbook and Guidelines. Two 
presentations were given on the Climate Threats and Vulnerably Guidelines, the first which focused 
on the district level assessment (Stage 1 of Climate Adaptation Methodology) and the second on the 
methodology and practical implementation of the local level assessment (Stage 2). 
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Figure 6: Mozambique Workshop Day 1, Handbook and Guidelines training 

 

Feedback on the Climate Threats and Vulnerably Guidelines presented on Day 1 of the workshop 
included: 

 Agreement that more guidance on GIS data management practices and standards is needed 
to ensure efficiency in field work and data collection, meaning that missing data and 
unnecessary duplication or repetition of data collection are avoided. 

 Historic flood lines should be considered in the local level assessment, indicating where 
people should not build houses based on historic flooding patterns (although this is more in 
line with planning policy enforcement). 

 The guidelines should provide guidance on how to adapt structures (bridges/culverts) and 
road surfaces, which is more in line with the engineering guidelines. 

 
Day 2 of the workshop was spent in the field doing fieldwork along the Mohambe to Maqueze 
demonstration road. Data was collected at four demonstration sites by the ANE delegates using the 
field assessment sheet developed (Figure 3) to aid additional data collection for local assessment. 
Based on the experience and feedback from ANE engineers using the field work assessment sheet 
during the fieldwork exercise, the field assessment sheet will be slightly modified and refined. 
 

 
Figure 7: Mozambique training workshop Day 2, Practical fieldwork and data collection 

 
Prior to the visit to Mozambique, in September 2017, GIS analysis and hydrologic maps were 
produced in preparation for the Mozambique workshop and fieldwork. The analyses included 
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hydrological modelling and mapping exercises to demarcate and quantify the size of water 
catchments along the Mohambe to Maqueze demonstration road.  Stretches of road most likely to 
experience water inundation and road surface flooding were also identified as shown in Figure 8. In 
addition, a local level GIS assessment was done. 
 

 
Figure 8: Hydrological modelling and mapping exercise along the Mohambe to Maqueze demonstration road. 

 
The next key steps will include the digitisation of field data from the demonstration section in 
Mozambique, and the production of a scientific paper on local assessments to be presented at the 
2018 SARF/IRF/PIARC Regional Conference for Africa.   
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4.3.3.3 Hands-on field assessments 

Day 2 of the Workshop focussed on hands-on training in the identification of potential climate 
hazards and adaptation options to address these potential hazards. This was done by dividing the 
delegates in three groups, with a rapporteur assigned to each group. 

Visits were undertaken to the four proposed demonstration sites on the Mohambe to Maqueze 
road2, these being (distances are from Maqueze town): 

i. Site 1: Undercutting of concrete fords (two locations; km ±36); 
ii. Site 2: Damage to road approaching a concrete ford (km ±16); 

iii. Site 3: Damage to culverts and erosion protection (km ±11); and 
iv. Site 4: Improved gravel road through Maqueze town. 

Each group individually identified the problems on the four site and potential remedial actions. 
These were presented at a closing plenary at the Workshop venue, and benchmarked against the 
proposals of the Project Team. 

The three groups’ suggestions for adaptation measures, and those proposed by the Project Team, 
are presented in Annex B. 

4.3.3.4 Recommendations for improvements to the Handbook and associated Guidelines 

Based on the evaluation of the Handbook and associated Guidelines by the Workshop delegates, the 
following comments and sections that could be improved were noted: 

i. The Guidelines present an approach to planning and management including the 
prioritisation of targeted interventions to areas most vulnerable to climate change, in 
particular the allocation areas prone to heavy rains, strong winds and high temperatures, 
currently and the projection of the worsening conditions in the future. However, the concept 
of vulnerability, including the indicators, does not include zones that are stricken by flooding 
from regional basins upstream of Mozambique. 

ii. The success of the management of vulnerable areas depends greatly on the historical 
databases available. ANE has their own databases installed on the network management 
system, called HIMS, but it does not include the new data that are required for the targeted 
climate vulnerability prioritisation. The guidelines should indicate what data that would be 
needed to collect and upload in HIMS for efficient management of vulnerable areas. 

iii. Mozambique already has a screening methodology [vulnerability assessment tool] 
developed by the World Bank. It is important that the Project Team harmonises the AfCAP 
methodology with that of the World Bank in order to allow Mozambique to adopt only one 
methodology for this purpose. 

iv. Mozambique is a poor country that does not have the financial capacity to invest heavily in 
infrastructure rehabilitation/reconstruction. Investment in maintenance is deficient because 
taxes raised on fuels are insufficient to cover all maintenance requirements. However 
according to the Project Team, given the current/future impacts of climate change, it is 
expected that in the future, the amount to be spent on maintenance can be at least two 
times more than what is invested currently. For countries like Mozambique, how should 
countries cope with climate change taking into consideration the lack of financial resources? 

v. The climate adaptation engineering solutions presented by the Project Team do not provide 
new innovations for rural roads, especially innovations that are less expensive for application 
in rural areas vulnerable to climate change. 

                                                           
2 Identified problems on the road, their plausible causes and the adaptation designs proposed by the Project Team were 

presented in the first Quarterly Report (Verhaeghe et al., 2017b). 
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vi. The Guidelines do not address the influence of design and construction on the resilience of 
rural roads in detail, and more specifically do not propose any changes to the current 
specifications in order to take these issues into considerations. 

vii. According to the Project Team, the return periods should be adjusted in line with 
observations on the current frequencies of occurrence of specific hydrological event and to 
the likelihood that these frequencies will be exceeded in future; however the financial 
impact thereof on rural roads is not addressed.  

viii. ANE has two projects on road-associated water ponds [Road Ponds]: one funded by AfCAP 
and another one by the World Bank, with the main aim to develop guidelines for the 
construction of such structures to support water conservation along the roads so as to 
benefit the rural population.  These structures should be considered as being climate 
adaptation measures allowing rural population and maintenance contractors to use water 
during dry periods. It will be beneficial if such structures [Road Ponds] could be included as 
trial sections along the road earmarked for the demonstration section. 

The Project Team has taken note of the comments and suggestions provided above, and together 
with the responses to be obtained from the Ethiopian and Ghanaian Workshops, will feed back into 
the revision of the draft Handbook and Guidelines in order to align them with the explicit needs 
expressed by the three AfCAP Lead Countries. 

Country specific requirements/requests, such as the proposed changes to standard specifications 
and the incorporation of “Road Ponds” as additional demonstration sections in the case of 
Mozambique, will be discussed with each individual country.  

4.3.4 Incorporation of climate effects in asset management 

4.3.4.1 Road Asset Management Systems 

One of the appropriate non-engineering adaptation options to deal with the impact of climate 
change on the road network is to embed ‘climate adaptation’ in road asset management systems. 
This will support prioritisation and decision-making based on a broader spectrum of attributes, in 
addition to present road conditions. This will also require road condition assessors to be trained to 
identify potential environment-related risks and threats within and outside the immediate road 
environment. 

Asset management is thus seen as an overarching business model that provides the framework upon 
which climate change initiatives can be readily implemented by a road authority. 

4.3.4.2 The Asset Management Process 

The International Infrastructure Management Manual (IIMM, 2011) describes the objective of asset 
management as follows: 

“The objective of asset management is to meet a required level of service, in the most cost effective 
manner, through the management of asset for present and future customers”. 

A road asset management system therefore needs to consider: 

 The policy of the road administration (which in turn should consider government policy); 

 Customer needs through defined levels of service for road assets; 

 The resources (physical and human), processes and tools required (and available) to monitor 
and meet these levels of service; and 

 Mechanisms for planning for the future and for dealing with unexpected impacts on the 
road infrastructure. 
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The asset management process, according to the International Infrastructure Management Manual 
(IIMM, 2011), is presented in Figure 9. 

 

 

Figure 9: The Asset Management (AM) Process (IIMM, 2011) 

 

4.3.4.3 Recommended Actions to Integrate Climate Change in Asset Management Practices 

IIMM (2011) defines 17 asset management activities which considered together enable holistic asset 
management. In the World Bank report “Integrating Climate Change into Road Asset Management” 
published in April 2017, actions are recommended for each of these 17 activities to integrate climate 
change in asset management practices. The 17 activities and the recommended actions are 
presented in Table 1. 
 

Table 1: Recommended Actions to Integrate Climate Change in Asset Management Practices (World Bank, 2017) 

Phase Step Key Additional Actions 

U
n

d
er

st
an

d
 a

n
d

 D
ef

in
e 

R
eq

u
ir

em
en

ts
 

Develop the AM Policy 

Specifically address climate change within the AM Policy statement, including what 
horizon is to be planned for 

Have agreements in place on how the damage from major events will be funded 
and who will be entitled to financial support 

Define levels of service and 
performance 

Ensure network resilience measures (e.g. restore all major roads within 12 hours of 
end of 1:100 year flood) are included into the level of service framework 

Revise design guides to take into account the changing frequency of climatic 
events 

Forecast future demand 

Future demand forecast such as demographical changes and traffic loading 
increases should be integrated with climate change impacts on the expected 
performance of infrastructure 

Providing for future growth in areas of high vulnerability should be avoided 
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Phase Step Key Additional Actions 

Understand the asset base 

Ensure that data on drainage assets and their vulnerabilities/deficiencies is 
complete and up-to-date 

All data collection processes should be geospatially referenced 

Road data and information should highlight interdependencies with other 
infrastructure 

Link life-lines and critical interactions between asset groups in the base data 

Assess asset condition 

Data collection should include measuring and recording of specific climatic effects 
on road network 

Data collection techniques should also include the focus on quantifying the 
vulnerabilities of pavements to temperature and moisture changes 

Identify asset and business 
risks 

Ensure climate change is recognised as a risk to the asset and delivery of services 

Risk and vulnerability assessments are already commonly used for climate 
adaptation. These processes should be integrated with risk management from an 
organisational risk perspective 

The integration with asset management risk in particular promises significant 
efficiency gains 

D
ev

el
o

p
in

g 
as

se
t 

lif
ec

yc
le

 s
tr

at
e

gi
es

 

Lifecycle decision making 
techniques 

Road asset management and systems brings a wealth of analytics to the climate 
adaptation topic area 

Current analyses processes need to incorporate multi objective capabilities 

More emphasis on community involvement in decision making is required when 
bringing climate adaption into the asset management decision making 

Operational strategies and 
plans  

Operational plans should include specific allowance for identifying and addressing 
deficient adaptation measures – such as making sure drainage structure are 
cleaned and without blockages 

Include retrofitting infrastructure that is found to be significantly deficient 

Trial new materials that may better resist climate change 

Operational procedures should include policies and processes identified for 
responding to disasters 

Maintenance strategies and 
plans 

Maintenance strategies and plans should include specific allowance and focus on 
addressing items that limit the impact from climate change  

Capital works strategies and 
plans 

Updating of current design criteria (such as drainage design) is needed to allow for 
changing rainfall patterns 

New designs should include specific consideration for climate adaptation 
technologies 

Financial and funding 
strategies 

Financial and funding strategies should investigate the impacts of different 
investment scenarios into climate adaptation 

Financial and funding strategies should be in place for responding to potential 
disaster events 

A
ss

e
t 

m
an

ag
em

en
t 

e
n

ab
le

rs
 Asset management team 

Effective integration of climate adaptation and asset management must be driven 
from executive management levels within organisations 

Appoint someone as the climate change champion to drive all these actions 
through the organisation 

Asset management plans Ensure that the AMP specifically addresses climate change 

Information management 
systems and tools 

Information management systems should include the recording of specific climatic 
and impact data for planning purposes 

A data residence plan should be in place to respond to disaster planning needs 

Asset management service 
delivery/Procurement 

Legislation and procurement processes should allow for the response to shock 
events 

Quality management 
Quality management of climate adaptation measures need to ensure its sufficient 
functioning 

Continuous improvement Identification of improvements necessary for climate change adaptation 

 
As part of the Economic Growth through Effective Road Asset Management (GEM) project, the 
guidelines described in IIMM (2011) have been embellished and tailored for rural roads, resulting in 
only fourteen of the activities considered to be applicable to road asset management systems for 
rural roads (Geddes et al, 2016a). The three activities not included in the GEM project are: 

1. Identify asset and business risks; 
2. Quality management; and 
3. Continuous improvement. 
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From a climate change point of view, it is important that asset risks as a result of climate events be 
considered and this activity should therefore be included in the RAMS for rural roads. 

The key additional actions described in Table 1 are mostly self-explanatory and relatively 
straightforward to implement. The following three steps however requires expansion on the 
proposed key additional items: 

 Understand the asset base;  

 Assess asset condition; and 

 Identify asset and business risks. 

These three steps and their required key additional actions are further discussed below. As part of 
the description of the additional actions for these three steps, additional climatic and impact data 
requirements are identified, which thus addresses the following additional action item under the 
information management systems and tools step: 

 Information management systems should include the recording of specific climatic and 
impact data for planning purposes. 

4.3.4.4 Understand the Asset Base 

The World Bank report (2017) recommends the following key additional actions in relation to the 
asset base phase of the asset management process: 

1. Ensure that data on drainage assets and their vulnerabilities/deficiencies is complete and 
up-to-date; 

2. All data collection processes should be geospatially referenced; 
3. Road data and information should highlight interdependencies with other infrastructure; 

and 
4. Link life-lines and critical interactions between asset groups in the base data. 

These four items are expanded on in this section, although items 3 and 4 may not be all that relevant 
to rural roads. 

Data Classes in Road Asset Management Systems 

Traditionally, RAMS contain two main classes of data, namely Inventory Data and Condition Data. 
Integrating climate change in Asset Management practices would require additional data items to be 
recorded and stored in the RAMS database. The additional data items could be classified as either 
inventory or inspection data, but a better approach would be to include a third class of data in 
RAMS, namely Climate Adaptation Data. 

Road Network Definition in Road Asset Management Systems 

The Road Network definition involves defining the following road network attributes: 

 Roads; 

 Road Sections; 

 Road Links; and 

 Road Segments. 

The building blocks of a road network are individual roads. A vital component of the Road Network 
definition is therefore a unique identifier for each road in the network. Rural roads are often divided 
into sections, each with a new zero km starting point to facilitate management and administration. 

Roads and road sections are divided into road links that are uniform in terms of: 

 Road type (paved, gravel, earth); 

 Road cross-section (road width and paved width); 
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 Significant changes in pavement construction; 

 District or local municipal area in which the road is located; 

 Traffic; and 

 Topography. 

An assessment segment is the length of road for which one visual or instrument assessment rating is 
recorded. In the case of rural road networks, a road link can be divided into road segments for visual 
assessment, or alternatively, the entire road can be segmented based on kilometre distance. For 
urban road networks where road links may be very short, uniform links may be grouped together to 
form an assessment segment. 

Climate Adaptation data items would also have to be recorded and stored per road link and in many 
cases per assessment segment. 

For road structures, such as bridges, culverts, retaining walls, etc., data items are stored per 
structure and in many cases, per structure element. For example bridge condition data is stored at 
structural element level, such as piers; abutments; decks; etc. The same would apply to Climate 
Adaptation data items. 

Data on Drainage Assets and their Vulnerabilities/Deficiencies 

The vulnerability of drainage structures, such as bridges and culverts would depend on the current 
capacity of the structure in relation to current climate and environmental conditions and in relation 
to future climate and environmental conditions. The capacity of the structure is expressed in terms 
of the return period of the flood for which the structure had been designed. From an economic 
perspective, the minimum design standard should be based on the return period that corresponds 
to the design life of the road on which the structure is located. (SANRAL Drainage Manual, 2006) The 
current return period and future return periods are data items that should be stored as part of the 
Climate Adaptation data. 

Deficiencies of drainage structures relate to defects on the structure that would make it prone to 
damage or even collapse in the event of a flood. Defects on structures are identified and rated as 
part of the visual assessment process. A flood related deficiency index can be calculated using the 
defect ratings from the visual assessment and specifically defects on structural elements that are 
vulnerable in the event of floods, such as foundations, embankments, piers and abutments. 

Interdependencies with Other Infrastructure 

Some roads supply access to other infrastructure, such as power stations, dams, water treatment 
works, telecommunication infrastructure, etc. This make such roads critical in the event of major 
climatic events. As part of the Climate Adaptation data, such roads should be flagged and rated in 
terms of the importance of the infrastructure getting access via the specific road. This data can then 
be used as inputs when roads are prioritised for maintenance, upgrading or adaptation. 

Road reserves are used as routes for services, such as electricity, water, telecommunication, gas, fuel 
and sewage. Road structures, such as bridges and culverts are also regularly used to carry services 
across rivers or watercourses. Information on services within the road reserve and services attached 
to road structures should be recorded in the RAMS to be used when roads and structures are 
prioritised for maintenance, upgrading or adaptation. 

Linking Life-Lines and Critical Interactions between Asset Groups in the Base Data 

Lifelines are critical infrastructure that are used during and directly after evacuation as result of a 
disaster event. The implication is that this infrastructure (roads and/or routes) will have a significant 
associated criticality rating thus requiring top priority for maintaining at a high level to ensure 
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protection at all cost against potential damage. Such roads must be flagged in the RAMS to ensure 
that they receive the required high level of attention. 

4.3.4.5 Assess Asset Condition 

The World Bank report (2017) recommends the following two key additional actions in relation to 
the asset condition assessment phase of the asset management process: 

1. Data collection should include measuring and recording of specific climatic effects on road 
network; and 

2. Data collection techniques should also include the focus on quantifying the vulnerabilities of 
pavements to temperature and moisture changes. 

In this section, these two actions are expanded on. 

Standard Practise for Road Condition Assessment 

While there are several manuals and procedures for road condition assessment, the 
recommendation in the Economic Growth through Effective Road Asset Management project is that 
South Africa’s TMH12 document be adopted for use as a road condition monitoring tool (Geddes et 
al, 2016b). The TMH12 manual is only applicable to gravel roads and has been replaced by TMH9 
Standard Visual Assessment Manual (2013), which caters for all types of roads, namely flexible 
pavements; concrete pavements; block pavements; and unpaved roads (earth and gravel roads). It is 
recommended that the TMH9 document rather be adopted for use of road condition monitoring 
tool. 

The Standard Visual Assessment Manual provides guidelines for assessing the condition and 
performance of roads (focussing on earth, gravel and bituminous sealed roads) for use in 
management systems and maintenance programming. 

Visual assessments on any road can be used to:  

 Determine Visual Condition Indices; 

 Determine maintenance and rehabilitation needs; and 

 Prioritise projects in a decision support system. 

Unsealed roads (both earth and gravel), in particular, are highly dynamic systems with the 
appearance and condition varying almost from day to day and for routine use the visual assessment 
is most applicable for determining: 

 Whether the road could still be effectively maintained with a motor grader; 

 Scheduled maintenance requirements in the form of: 
o Regravelling; 
o Reshaping; or 
o Spot gravelling; and 

 Whether the gravel on the road is suitable for the traffic and environment and what type of 
distress is typical of the road/gravel combination. 

Paved roads on the other hand generally deteriorate slowly with a continual almost uniform 
deterioration before accelerating in defects prior to failing. 

The visual assessment process involves the identification and description of the quality of materials 
on the road (for unpaved roads) and the typical distresses that affect the specific type of road. The 
distresses are described by recording their main characteristics – the so-called attributes of distress. 
The attributes of distresses are the type of distress, the degree of the distress; and the extent of the 
distress. 
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The visual assessment data collected can be used for determining various indices (e.g. Visual 
Condition Index (VCI)). The data collected can also be used: 

 As a basis for predicting maintenance requirements; 

 For prioritising maintenance actions (e.g. defects with a severity of 4 or 5 should ideally be 
given immediate attention, while defects with a severity of three should be considered as a 
warning that will require attention in the near future); 

 For monitoring improvement or deterioration in the overall road network as a result of 
funding fluctuations; 

 For direct comparisons of the performance of various roads; 

 For location of specific problems; and 

 As a basis for project level investigations. 

Slope Management System 

Where appropriate, it is advisable to include, as part of the Asset Management System of all road 
authorities, a basic Slope Management System (SMS) that identifies the potential for failure and 
consequences of failure of all slopes within their jurisdiction. A SMS should make provision for both 
rock and soil slopes and must contain rating methodologies to rate various characteristics of slopes. 
 
The following are examples of such characteristics that should be rated (Leyland, 2010): 
 
Slope character parameters: Discontinuities: 

 Slope height  Block size/volume 

 Slope failure frequency  Number of joint sets 

 Average slope angle score  Continuity and dip 

 Launching features  Aperture 

 Ditch catchment  Weathering 
  Surface texture 
Climatic conditions:  

 Annual precipitation Block in Matrix slope geological conditions: 

 Seepage/water  Block size 

 Aspect  Block shape 

 Sedimentary rock slope geological conditions  Vegetation 

 Degree of undercutting  

 Jar slake Soil slope geological conditions: 

 Degree of interbedding  Block size 
  Tension crack 
Crystalline rock slope geological conditions:  Structures/bedding 

 Rock character  

 Degree of overhang Economic factors: 

 Weathering grade  Traffic 
  Length of detours 
  Class of detours 
 
Climate change would obviously impact on the climatic conditions and the rating methodologies for 
these characteristics should take into account predicted changes in annual precipitation and changes 
in seepage potential. 
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Measuring and Recording of Specific Climatic Effects on Road Network 

Problems specifically related to climatic effects must also be identified and described by way of a 
visual assessment process. Such problems include: 

 Erosion potential; 

 Subgrade material problems; 

 Drainage efficiency in the road reserve; 

 Drainage from outside the road reserve; 

 Slope stability; 

 Construction quality; and 

 Maintenance effectiveness. 

Other indications of possible problems may be observed on certain sites, such as the accumulation 
of sand and debris (due to wind and flooding), excessive vegetation caused by increased rainfall and 
high temperatures, leading to sight-distance and passability problems, etc. The following aspects 
relating to climatic effect should be identified and rated during the visual assessment process: 

 Erodibility 
o Road surface 
o Side drains 
o Embankments 
o Slopes 

 Subgrade problems 
o Problematic material types 
o Excessive subgrade moisture conditions  

 Drainage (in road reserve) 
o Road shape 
o Shoulders 
o Side drains 
o Mitre drains 

 Drainage (streams) 
o Structure 
o Embankments 
o Scouring and erosion 

 Slope stability 
o Cut stability 
o Fill stability 

For prioritisation purposes, the hazard and the consequences need to be converted to some form of 
risk. The most promising and convenient means of doing this successfully in sub-Saharan Africa is 
probably using a likelihood/consequence estimate of the risk (FHWA, 2012). Each aspect is rated on 
a scale from 1 to 5 in terms of its likelihood and its impact. The five-point scales for rating likelihood 
and impact are presented in Table 2. The risk associated with the specific aspect is then calculated as 
the product of the likelihood and impact ratings. The highest risk rating would therefore be 
5 x 5 = 25. 

Table 2: Five-point Scales for Rating Likelihood and Impact 

Likelihood Rating Impact Rating 

R = Rare 1 N = Negligible 1 

U = Unlikely 2 L = Low 2 

P = Possible 3 M = Medium 3 

L = Likely 4 V = Very High 4 

A = Almost Certain 5 E = Extreme 5 
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When rating impact, the following socio-economic factors need to be considered: 

 Potential loss of life; 

 Accessibility requirements; 

 Economic impact; 

 Availability of alternative routes; 

 Cost and consequences of closure; 

 Environmental/sustainability issues (i.e. pollution, aesthetics, etc.); 

 Cost of repair; 

 Available funds; 

 Safety; and 

 Political reputation of the road authority. 

An example of a rating sheet to assess specific climatic effects on the road network is presented in 
Table 3. 

Table 3: Rating Sheet to Assess Specific Climatic Effects on the Road Network 

Road No.   

Road Section From: To: 

Road-km From: To: 

Climatic Effect 
Likelihood Impact 

R U P L A R U P L A 

Erodibility   

Erosion of road surface 1 2 3 4 5 1 2 3 4 5 

Erosion of side drains 1 2 3 4 5 1 2 3 4 5 

Erosion of embankments 1 2 3 4 5 1 2 3 4 5 

Erosion of slopes 1 2 3 4 5 1 2 3 4 5 

Subgrade conditions   

    Problem materials 1 2 3 4 5 1 2 3 4 5 

    Excessive moisture 1 2 3 4 5 1 2 3 4 5 

Drainage (in reserve)   

Ponding water due to road shape 1 2 3 4 5 1 2 3 4 5 

Ponding water due to shape or 
condition of shoulders 

1 2 3 4 5 1 2 3 4 5 

Ponding water due to condition of 
side drains 

1 2 3 4 5 1 2 3 4 5 

Ponding water due to condition of 
mitre drains 

1 2 3 4 5 1 2 3 4 5 

Drainage (streams)   

Undercutting of structure 
foundations (scouring) 

1 2 3 4 5 1 2 3 4 5 

Erosion of stream embankments 1 2 3 4 5 1 2 3 4 5 

Erosion of streambed 1 2 3 4 5 1 2 3 4 5 

Slope stability   

Failure of slope in cut 1 2 3 4 5 1 2 3 4 5 

Failure of slope in fill 1 2 3 4 5 1 2 3 4 5 

The likelihood and impact ratings can be used to calculate a Climatic Effect Risk index. The relative 
importance of the climatic effects can be taken into account in the calculations by assigning different 
weights to the different effects. 
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4.3.4.6 Identify asset and business risks 

The World Bank report (2017) recommends that climate change must be recognised as a risk to the 
asset and delivery of services. It furthers states that risk and vulnerability assessments are already 
commonly used for climate adaptation and these processes should be integrated with risk 
management from an organisational risk perspective. 

The recommended way to incorporate climate change as a risk in the asset management system is 
by way of the District-level Climate Risk Screening and the Local/road-level Climate Risk and 
Vulnerability Assessment, as described in the report “Climate Adaptation: Risk Management and 
Resilience Optimisation for Vulnerable Road Access in Africa - Climate Threats and Vulnerability 
Assessment Guidelines” (Le Roux, A et al, 2017). In both cases, the collection and preparation of 
climate threat data happens wide of the actual road management system and the data is not stored 
in the road asset management system.  

At district level, the analysis of climate threat data leads to the categorization of districts in terms of 
being impacted by historical climate threats, e.g. aggregate the number of climate threat events, 
such as severe flooding events in past four decades, per district. The number of climate threat 
events per district must then be imported into the road asset management system as an attribute 
for each road in the particular district, e.g. Severe Flood Index. This index can then be used in the 
RAMS in conjunction with other indices, such as the VCI, when calculations are done to prioritise 
roads in terms of maintenance or adaptation needs. 

In a similar way, the rural access index and/or a remoteness indicator, which are determined as part 
of the road criticality assessment must also be imported into the road asset management system as 
an attribute for each road in the particular district. These indices can then also be used in the RAMS 
in conjunction with other indices, when calculations are done to prioritise roads in terms of 
maintenance or adaptation needs. 

The Local/road-level Climate Risk and Vulnerability Assessment leads to a Vulnerability Index per 
road for each of the following threats: 

 Flooding of road surface; 

 Erosion of embankments and foundations; 

 Landslides and ground subsidence; 

 Loss of pavement integrity (cracking and aggregate loss); and 

 Damage to structures. 

These Vulnerability Indices must be imported into the road asset management system as an 
attribute for each road in the particular district. These indices can then also be used in the RAMS in 
conjunction with other indices, when calculations are done to prioritise roads in terms of 
maintenance or adaptation needs.  

4.3.5 Knowledge Dissemination 

4.3.5.1 Briefing Notes 

Regular Briefing Notes will be produced for the Climate Adaptation website and as handouts for the 
training workshops and seminars to help build awareness, knowledge sharing, participation and 
feedback. 

A first Briefing Note was produced and subsequently modified (as per ReCAP PMU 
recommendations) to sensitise main decision makers in government as to the impacts of climate 
change and the urgency to act now (see Annex C).  
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It is proposed that a second Briefing Note be drafted to reflect the necessity of incorporating climate 
considerations in Asset Management. This Briefing Note will be drafted in line with what has been 
presented in Section 4.3.4 of this report. 

4.3.5.2 Journal Articles and Conference Papers 

As was noted in preceding sections, journal articles and/or conference papers are being 
prepared/finalised. One of the next forthcoming conferences that the Project is targeting is the 

SARF/IRF/PIARC Regional Conference for Africa to be held in Durban in 20183. The Project Team’s 

potential contribution to the conference could include two conference papers on subjects such as: 

i. the AfCAP climate adaptation methodology; 
ii. optimal standards for climate resilient low-volume access roads; 

iii. cost-effective climate adaptation options to protect low-volume rural road infrastructure 
and preserve accessibility; 

iv. the embedment of climate in asset management, and 
v. the methodology for assessing the vulnerability of rural road networks to a changing climate 

to guide investment decisions. 

4.3.6 Embedment of climate adaptation into national policies and plans 

In May 2017, emails were sent to nominated contacts in Ethiopia, Ghana and Mozambique 
explaining that the CSIR Project Team had commenced work on Phase 2 and were looking forward to 
helping address their climate adaptation challenge. The Team requested information on policies, 
plans, programmes and standards, in addition to those already in their possession, which should be 
targeted to incorporate into their Climate Adaptation, particularly those in the process of being 
updated.  

Attachments were sent to the three countries listing documents to be forwarded and contacts to be 
established, as agreed at each national workshop. The Project Team also asked for 
recommendations for any other documents that should be targeted. Finally, the Project Team asked 
for assistance on how to make contact with the countries’ National Climate Adaptation Committee 
to determine their agenda and to seek cooperation with them – including an introduction. 

Based on information received to date, Outline Drafts providing baseline policy/strategy situational 
analyses for development of Change Management actions have been prepared. 

Documents forwarded from the three Demonstration Countries showed significant variation in levels 
to which Climate Adaptation has been addressed in the rural road sector. Mozambique is the most 
developed with recent specific policies, adaptation strategies and plans established for the roads 
sector. Ghana's policies and strategies relating to climate change are multi sectoral covering energy, 
agriculture, water and broad infrastructure; roads are only mentioned in passing and there is little 
cross sectoral collaboration. Many of Ghana's strategies and plans for roads and environment are in 
need of updating. Ethiopia similarly has multi sectoral policies and plans and many of its strategies 
and plans are in need of updating with respect to roads and environment. The World Bank has paid 
particular attention to Ethiopia's needs across all sectors, including roads and has published useful 
case and economic studies. 

The three drafts represent a summary of current published material on adaptation covering 
Government policies, strategies and plans. Where action plans have been developed, these have 
been summarised. This has been augmented with information on historic, current and future climate 
attributes, their effects and consequences as part of the Climate Adaptation Assessment. 

                                                           
3 http://www.sarf-irf2018.co.za/call-for-papers/#  

http://www.sarf-irf2018.co.za/call-for-papers/
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As part of the Climate Adaptation Assessment (CAA), including Change Management, all published 
information relevant to asset management, funding, maintenance, research, institutional matters 
and capacity building that the Project Team could retrieve to date has been summarised. 

The drafts need to be presented to each country to determine their accuracy and relevance and to 
foster ownership of relevant agreed actions and activities (to be determines). In addition, the 
remaining parts of the CAA need to be completed and a full balanced document to be produced. 

Refinement of the existing drafts will be carried out through specific country visits headed by Mike 
Head, who leads the Project Team’s capacity development initiatives. He will be accompanied by the 
Project Team’s experts in asset management and in climate threat and vulnerability assessments to 
embed climate associated methodologies and metrics in the Departments/Agencies’ decision 
support systems. 

4.3.7 Counterpart Researchers/Engineers 

In 2016, two (or more) counterpart researchers/engineers from each country were integrated in the 
Project Team and participated in all in-country activities, inclusive of all engagements with central 
government agencies and district authorities, and especially in all site visits undertaken in the 
identified regions for the demonstration projects in all three countries.  

This will also be the case in 2017, as already witnessed by the active involvement of Ms Raquel Langa 
(ANE, Maputo) and Mr Moises Dzimba (ANE, Gaza Province) in the Mozambican field investigation 
that took place in August 2017. 

Through interactions with the team and involvement in all in-country activities, all pertinent 
knowledge on all aspects of this study will be transferred to the counterpart researchers/engineers. 
They will form henceforth the primary focus of capacity building on behalf of the organisations they 
represent. 

5 Progress against Target Dates 

The planned start and completion dates for Work Packages are shown in Table 4 below (note that 
these are as per the dates shown in the Inception Report). Delivery dates that have not been met, or 
are unlikely to be met, are shown in red. New estimates for the delivery dates for these activities are 
shown in blue. It should be noted however that these estimates could be somewhat optimistic. They 
all are dependent on the level of cooperation that the Project Team will receive from the AfCAP 
Partner Countries. The present concerns were raised in Section 4.3.1 of this report. 

The overall project planning allowed for some float in the programme to accommodate unexpected 
events such as those currently experienced. However, these and other potential future risks will 
have to be managed very carefully from now on to ensure that the Project will meet all deliverables 
by the set deadline of December 2018. 
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TABLE 4: Anticipated start and end dates of Work Packages 

WORK PACKAGE START DATE END DATE 

Inception Phase 15 May 2017 15 June 2017 

Management & Recommendations for Phase 3 15 May 2017 31 December 2018 

PART A: DEMONSTRATIONS 

A.1: Mozambique demonstration programme 

 Detailed design 

 Construction 
 

 Monitoring & evaluation (demonstrations) 

 Demo vulnerability assessment & RAMS 

15 June 2017 
1 July 2017 
To be determined 
1 September 2017 
End construction 
1 July 2017 

30 November 2018 
31 July 2017 
To be determined 
28 February 2018 
30 November 2018 
27 July 2018 

A.2: Ghana demonstration programme 

 Detailed design 
 

 Construction 
 

 Monitoring & evaluation (demonstrations) 

 Demo vulnerability assessment & RAMS 

15 June 2017 
10 July 2017 
1 January 2018 
30 October 2017 
1 February 2018 
End construction 
1 July 2017 

30 November 2018 
18 September 2017 
31 January 2018 
19 March 2018 
31 July 2018 
30 November 2018 
27 July 2018 

A.3: Ethiopia demonstration programme 

 Detailed design  (to be determined) 

 Construction  (to be determined) 

 Monitoring & evaluation  (to be determined) 

 Demo vulnerability assessment & RAMS 

15 June 2017 
7 August 2017 
13 November 2017 
5 February 2018 
1 July 2017 

30 November 2018 
13 November 2017 
19 March 2018 
30 November 2018 
27 July 2018 

PART B: CAPACITY ENHANCEMENT (three countries) 

B.1: Engagement with key stakeholders in 3 countries  1 April 2017 16 October 2017 
31 January 2018 

B.2: Generic handbook on climate adaptation 

 1st draft 

 2nd draft 
 

 Final version 

 
1 April 2017 
24 July 2017 
 
11 December 2017 
1 March 2018 
 

 
24 July 2017 
11 December 2017 
28 February 2018 
30 April 2018 

B.3: Training modules and training workshops 

 1st set of workshops 
 

 2nd set of workshops 

 
15 June 2017 
 
2 April 2018 
1 June 2018 

 
16 October 2017 
31 January 2018 
27 July 2018 
30 September 2018 

B.4: Translation of documents in Portuguese 24 July 2017 
1 March 2018 

30 April 2018 
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WORK PACKAGE START DATE END DATE 

B.5: On-site training Linked to the Design & Construction 
components of Part A 

B.6: Journal articles & conference papers 1 April 2017 15 December 2018 

PART C: ENHANCEMENT OF CAPACITY (OTHER COUNTRIES) 

C.1: Identification of priorities 1 April 2017 20 August 2018 

C.2: Capacity development events 1 April 2017 15 December 2018 

C.3: ReCAP website 1 April 2017 15 December 2018 

PART D: EMBEDMENT 

D.1: Review of policies, strategies and plans 15 May 2017 20 August 2018 

D.2: Provision of advice and technical assistance 21 August 2017 15 December 2018 

6 ReCAP Log Frame 

In the Inception Phase of Phase 1, an initial assessment was made of the potential contribution of 
the project to the ReCAP Log Frame indicators. This assessment has been updated based on the 
activities and outcomes of Phase 1, and are summarized in tabular form in Annex D over the period 
of the project (i.e. Phases 1 and 2).  

This project has good potential to contribute to ReCAP’s objectives and has very relevant outputs 
and outcomes. It will inform a wide spectrum of regional and national authorities, policy makers, 
government officials, technical specialists and associated projects (cf. Output 3). It should attract and 
leverage additional funds and contributions from other Development Partners, Roads Boards and 
financial institutions, and its outputs are likely to be implemented throughout and outside Africa 
(e.g. AsCAP countries). There is a probability that its subsequent uptake and implementation will 
make significant improvements to national climate resilience leading to improved socio-economic 
development. It should be noted, however, that most adaptation strategies might increase the initial 
construction cost of road provision over current practice. 

Phase 1 review period was April 2016 to February 2017 and covers Milestone 1 (to July 2016) and 
part of Milestone 2 (only to end February 2017). Within the period covered by Phase 1 of the 
project, there were few reportable contributions, particularly as most of the work impacting on the 
Log Frame is planned for Phase 2. Contributions come from the results of circulation the Briefing 
Documents and Milestone reports, participation by African researchers/engineers in this study 
(inclusive of the site visits), and the workshops held in three countries.  

Phase 2, given a start date of 15 May 2017 for a further 84 weeks, takes the end of the project target 
date to December 2018 (covering Milestone 3 and parts of Milestone 4). Several assumptions have 
been made for Milestones 2 and 3, but they might be speculative at this stage given the subjective 
nature of “capacity building, uptake and embedment” at this stage.  

Climate Adaptation funding is available from various Development Partners such as DFID, the World 
Bank, the EU, NDF, JICA , AfDB and others. It is expected that the scope of this project will be 
augmented by synergies created between this project and those planned by the other Development 
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Partners. Based on preliminary discussions held in particularly Mozambique and Ethiopia, closer 
collaboration between DFID, the World Bank and the EU are likely to materialise. The implication of 
this on this project and on the Log Frame are still to be determined. 
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Annex A: Workshop Programme, Attendance, Evaluation Form and 
Assessment 
 

A.1  Workshop Programme 

DAY TIME ACTIVITY/ TOPIC PRESENTER FACILITATOR 

1 

8.00AM–8.30AM Arrival and Registration  

B Verhaeghe 

8.30AM–8.45AM Welcome and Introductions ANE/AfCAP 

8.45AM-9.45AM 

Overview and introduction of Handbook/Guidelines 

 Overview of the Programme 

 Introduction of the Handbook and Guidelines 

B Verhaeghe 

9.45AM-10.15AM Overview of Stage 1: Climate Risk Screening K Arnold 

10:15AM-10:45AM TEA BREAK 

10.45AM-12.15PM 

Stage 2: Impact and Vulnerability Assessment  
  (project level) 

 Project level climate risk screenings 

 Climate impact assessments 

 Data gathering and vulnerability assessments 

K Arnold B Verhaeghe 

12:15PM-13:00PM LUNCH BREAK 

13.00PM-14.30PM 

Stage 3: Technical & economic evaluation of options 

 Identify strategies & potential adaptations 

 Undertake stakeholder consultations 

 Analysis of ‘do something’ versus ‘do nothing’ 

 Prioritise and select adaptation measures 

P Paige-Green B Verhaeghe 

14.30PM-15.00PM TEA BREAK 

15.00PM-16.30PM 

Stage 4: Project design and implementation  

 Develop implementation plan 

 Design parameters and optimisation 

 Construction, maintenance and supervision 

P Paige-Green 

B Verhaeghe 

16.30PM-17.00PM Feedback on R441: Chinhacanine to Nalazi  ANE 

17:00PM-17:30PM General discussion & organization of the field trip P Paige-Green 

 

2 

8.00AM–15.30PM 
 
FIELD ASSESSMENTS: Mohambe to Maqueze Road 
 

All Delegates assisted by AfCAP 
Project Team 

15.30PM-17:30PM 

Closing Session at Workshop Venue  

 Presentations of recommendations by each team 

 Lessons learnt 

 Recommendations for improvement of Handbook and 
Guidelines 

 Closing remarks on way forward 

 Vote of Thanks 

Project Team B Verhaeghe 
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A.2  Attendance Registry 
 

Name Organisation 

Mucoque Chivale SDPI-Chibuto 

Rubina Normahomed ANE 

Raquel Langa ANE – DIPRO 

Dady Mendes ANE 

Moises Alexandre Dzimba ANE - GAZA 

Belmiro Rodolfo ANE - GAZA 

Carlos Braz ANE 

Jorge Muonima ANE 

Inacio Alfinete ANE 

Jose Eduardo Mahumane ANE 

Rui Serra CPG 

Jorge Joan Mugare CPG 

Jom’mamiti Jang CPG 

Antonio Muiames CPG 

Philip ? TNM 

Afonso Domingos TNM 

C Chissanva CCH-Construction 

He Guangliang CHICO 

Bruno Santos JJR 

Nkululeko Leta AFCAP 

Philip Paige-Green PGC 

Benoit Verhaeghe CSIR 

Kathryn Arnold CSIR 
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A.3  Evaluation Form 
 

AfCAP Climate Adaptation Workshop 
19-20 September 2017, Hotel Mar Da Zinha, Chibutu, Mozambique 

 

EVALUATION FORM 
 

GENERAL QUESTIONS 
1.   Please list three things that you have learned during this workshop. 
Please evaluate the programme elements, by circling one of the letters A to E or Z. 

A= Very useful, very good; B= useful, good; C= OK; D= rather week; E= very poor 
Z= absent – Other additional written comments welcome !! 

2. How would you rate the overall usefulness of this 

workshop? 

- A – B – C – D – E -  Z 

3. To what extent did the workshop meet your 

expectations? 

- A – B – C – D – E -  Z 

4. Were you as participant able to effectively contribute 

to the different sessions of the workshop? 

- A – B – C – D – E -  Z 

5. How do you rate the workshop schedule/timetable? - A – B – C – D – E -  Z 

6. What was your impression of the logistical 

organisation and management of the workshop? 

- A – B – C – D – E -  Z 

 

7. How would you rate the presentation on Stage 2 of 

the climate adaptation methodology (Day 1)? 

- A – B – C – D – E -  Z 

8. How would you rate the presentation on Stage 3 of 

the climate adaptation methodology (Day 1)? 

- A – B – C – D – E -  Z 

9. How would you rate the presentation on Stage 4 of 

the climate adaptation methodology (Day 1)? 

- A – B – C – D – E -  Z 

10. How would you rate the field assessments (Day 2)? - A – B – C – D – E -  Z 

 
11. What are the two and most useful aspects of the workshop? 
12. How could the workshop have been improved? 
13. How could the Climate Adaptation Handbook and associated Guidelines be improved? 
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A.4  Workshop Assessment 
 

No Rating score A=5 B=4 C=3 D=2 E=1

2 How would you rate the overall usefulness of this workshop? 4 10 4.3

3 To what extent did the workshop meet your expectations? 2 11 2 4.0

4
Were you as participant able to effectively contribute to the different 

sessions of the workshop? 1 9 4 1 3.7

5 How do you rate the workshop schedule/timetable? 5 4 3 2 3.9

6
What was your impression of the logistical organisation and 

management of the workshop? 4 8 2 4.1

7
How would you rate the presentations on Stage 2 of the climate 

adaptation methodology (Day 1)? 5 5 5 4.0

8
How would you rate the presentations on Stage 3 of the climate 

adaptation methodology (Day 1)? 5 7 2 1 4.1

9
How would you rate the presentations on Stage 4 of the climate 

adaptation methodology (Day 1)? 7 7 1 4.4

10 How do you rate the field assessments (Day 2)? 6 8 1 4.3

4.1

1

11

10. The climatic risk and how to adapt to the climate change.

11. Technical and economic evaluation of options; Project design and implementation.

9. Field assessment practicals; Open to new solutions.

12. Understanding the resilience equation; Consideration of resilience and financial constraints on the design of infrastructure.

1. Presentations were done well and allowed for good quality debating. Field work showed some cases that could be aligned to the 

theoretical aspects.

2. Two aspects. The workshop showed the complex hydrological dynamics of the Limpopo basin, and the challenges faced in finding 

resilient solutions to the climatic variations.

3. Evaluation and identification of the problem

4. Very interactive and problem solving approach followed in the field session.

5. Demonstration of the problems on the road.

6. Adaptation measures, implementation plans, including "do nothing".

7. Drainage aspects; Clear identification of the problem.

8. Works groups and site discussions and comparison of proposed solutions by the groups.

9. a) Places that will be most affected by climate change (Centre of Mozambique); b) The solutions for resilient structure mostly exist 

but need to be implemented; c) Identifying problems and looking for the correct solutions.

10. a) How the climate is changing; b) How the climate and rainfall is changing in Mozambique; c) The measures required to repair the 

damage caused by flooding.
11. a) How to evaluate risk and ho to manage it; b) I learnt that we have been building correctly, but we must predict environmental 

threats for resilient construction. 

Two and most useful aspects of Workshop:

12. a) Resilience considerations/envelope; b) Approach to climate resilience to reduce future costs.

Three things learned during the Workshop:

MOZAMBIQUE: Hotel Mar da Zinha, Chibutu, 19-20 September 2017

Questions Number of responses Average 

of scores

AVERAGE OF ALL SCORES:  

1. a) Learnt the concept of buiding in "Resilience"; b) Learnt the techniques to deal with various situations - resilient solutions; c) Learnt 

new techniques to carry out surveys based on sound methodology.

2. a) Learnt that it is necessary to consider the demands climatic changes place on maintenance and construction of infrastructure; b) 

The workshop showed viable resilient solutions for the road between Mohambe and Maquiza (principal road in the district); c) It is 

necessary to gather information from many areas of knowledge to develop local climatic solutions for secure roads.  

3. a) Influence of climate change; b) How to manage the damage caused by climate change; c) Engineering solutions to be adopted.

4. a) What climate resilient changes are; b) Recognize problems related to climate change; c) Propose solutions to problems related to 

climate change.

5. a) Experience gained on the road (field work)

6. a) Vulnerability assessment; b) Potential adaptation measures; c) Develop implementation plans, including "do nothing".

7. a) Behaviour of clay materials in water, specifically the disaggregation theory; b) Dimensions of the mitre drain; c) Methodology for 

the conception of a resilient structure.

8. a) Project cycle; b) Methods for data collection.
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12

13 How could the Climate Adaptation Handbook and associated Guidelines be improved?

8. Longer workshop so that the participants will have a better understanding of material presented by the AFCAP team and thus make 

better contributions. 

11. Widen the participation to universities, Directorate of Water, Railways, Dept of Agriculture and Irrigation.

9. It would be better to tell everyone to speak English or someone should translate. It would be better to advise us on the trends and 

distribution of climate change.

10. In my opinion it would be better if there were practical examples of design drawings.

6. Use of Portuguese or translation into Portuguese.

1. Have illustrations. Case studies with the respective solutions. 

2. I think that the manual adequately covers conditions and themes to work on the current projects of climatic resilience

NB: One critical aspect to the project is the fact that it did not address the resilience of roads - taking into account the influence of 

human settlements through which they pass or which they serve.

4. It leads us to make better decisions and derive better solutions

5. Comments will be made later and sent to ANE.

11. Allow time for use before comments? Maybe after 3/4 years.

6. To help understand the problems on the road?

7. Disseminate to more ANE engineers in order to obtain more contributions; Consider changing the direction of the water flow near 

structures from the normal or traditional flow?

8. The handbook and associated guideline should be provided in Portuguese.

10. I have not finished reading the Climate Adaptation handbook or the Guidelines so I cannot fully comment on how to improve these, 

but I hope that more can be included on the impact of climate change, such as high temperature or rainfall.

3. The manual should include a topographical analysis of the critical areas of the roads or where there is infrastructure that requires 

attention because of the natural environmental conditions to allow better understanding and obtain adequate solutions.

9. The handbook should have more illustrations on the resilient solutions to make it easier to use.

How could the Workshop have been improved?

1. Language - if translations were available it would have permitted better participation by some of those attending.

2. I think that the workshop should have included the following translated to Portuguese: Slides, Presentation of examples, Handbook 

and Guidelines. 

3. The workshop produced comprehensive tools for the local environmental problems.

4. It was good

5. Manuals should be translated. Presentation would have been better with a translator, this would improve understanding and 

participation.

7. The course materials should be delivered earlier to the course participants.
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Annex B: Workshop Delegates’ Recommendations for Adaptation Measures 
on the Mohambe-Maqueze Demonstration Sections 
 

B.1 Section 1: Undercutting of Concrete Ford 

B.1.1 Problems identified 

The ford at about km 35.9 appeared to be in good condition at first sight, but closer examination 
indicated that the right (upstream) side had been severely eroded and undercut, to the point that 
the slab would probably collapse under a heavy vehicle (Figure B.1). 

 

  

Figure B.1: Undercutting of ford at km 35.9 

As expected, the water-stilling features on the left side had performed well, but had collected 
significant amounts of sediment. This will, however, probably improve the performance of these 
features in the long term. 
 

 

Figure B.2: Accumulation of sediment in water-traps of ford at km 34.9 

 
A similar situation of undercutting was also noted at the next ford with even more severe 
undercutting of the ford support (Figure B.3). 
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Figure B.3: Undercutting of ford at about km 36 

 

The observed distresses at two of the “new” concrete fords and gave rise to some discussion. It is as 
yet not apparent whether the undercutting was caused by: 

 Overtopping of the ford by the stream flowing from the east (downstream), or 

 Wave erosion of the unprotected material beneath the concrete as the level of the lake to 
the west of the ford gradually dropped  

Whichever cause is dominant, the underlying soils (expansive clay) are unsuitable and will slake and 
collapse when the material moves from a dry to a saturated state. 

B.1.2 Adaptation options recommended by Group 1 
 

This problem was probably caused by the fact that the structure is on clay which softens when wet 
and expands and contracts on drying.  To solve this problem the following is recommended:  

 Drying of the site to enable work to be carried out and provide immediately support to the 
undercut slab with hydraulic jacks. 

 Applying soil-cement and compact from the outside of the ford slab, ensuring that the 
compaction energy is propagated under this. Drill the slab and introduce grout to fill the 
gaps.  

 Replicate the Gabion protection that is on the other side of the ford.  

B.1.3 Adaptation options recommended by Group 2 

The following recommendations were offered: 

 Fill the voids with sand; 

 Lift the slab with a hydraulic jack supported by wood, concrete, etc.; 

 Construct retaining wall of reinforced concrete or loffelstein retaining wall and inject 
soil/cement (grout);  

 Remove the hydraulic jack after 7 days; 

 Build a slab to dissipate energy, similar to the existing one. 
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B.1.4 Adaptation options recommended by Group 3 

The following recommendations were offered: 

 Pumping out the water from the upstream side to allow execution of the work;  

 Construction of retaining wall of reinforced concrete on the eroded side;  

 Drill the ford’s slab, fill with a soil-cement type material or grout; 

 Build a replica of the gabion wall on the other side of the drift. 

B.1.5 Adaptation options recommended by AfCAP Project Team 

The undercutting of the fords is a major problem requiring urgent repair. This is mostly restricted to 
the lake side of the fords and is either the result of over-topping from the downhill side or more 
likely softening of the support material (black clay in this case) and subsequent wave action as well 
as alternative wetting/drying of the clay. This black clay will slake and collapse on wetting and 
drying. 

It is important that the catchment areas and the run-off from the various catchments along the east 
side of the road are determined and a proper hydrological analysis is done before final designs are 
prepared. As the damage may be due to water from either side of the road (downhill river flow/lake 
overflow or downstream river or lake rising), it is essential that these analyses are carried out. 
 
The damaged areas can be repaired in two ways. 

 The existing exposed clay should be cleaned out and replaced with a more stable (PI < 15) 
material or stabilised material that is well compacted into the voids. This may be difficult to 
accomplish in the present situation. In addition, the support concrete has degraded 
significantly and will also need to be replaced. 

 The second option is to construct a vertical wall near the edge of the concrete ford slab, 
backfill the voids with an inert fill and a high slump concrete and then extend the concrete 
slab to the top of the wall. The wall will need to be founded beneath the black clay in a 
competent layer and have a concrete protection slab at the base (Error! Reference source 
not found.). 

 

Existing	concrete	slab

Existing	medium	concrete	

Existing	weak	concrete

Eroded	black	clay

Medium	
concrete	
(15	MPa)

Compacted	inert	fill	
(PI	<	15%)

30	MPa	concrete

30	MPa	concrete

Water	flow

 

Figure B.4: Proposed design of rehabilitation to undercut ford 
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The actual concrete dimensions and depth will depend on the founding conditions, which are 
unknown at present. In addition it may be necessary to toe the concrete wall back into the soil with 
some reinforcement (geogrid, or similar) and to provide some “weep-holes” in the concrete wall. 
 

B.2 Section 2: Damage to Road Approaching a Concrete Ford 

B.2.1 Problems identified 
The concrete ford constructed under the World Bank emergency repair programme in 2013 at 
km 17.6 (GPS 24°22.769’S and 33°28.927’E) has performed relatively well although the gabion 
baskets show significant signs of rust and failure (Figure B.5). Closer examination indicates that the 
mesh on these baskets appears to be thinner and poorly galvanised and generally of poor quality. 
 

 

Figure B.5: Deformation of damaged gabions 

The road at the northern approach to this ford is badly deformed and eroded and requires repair 
(Figure B.6). It is clear that the ford does not extend sufficiently up the slope to avoid erosion of the 
road during overtopping and this should be addressed in a demonstration section. 

 

Figure B.6: Erosion, subsidence and deformation of northern approach to ford 
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B.2.2 Adaptation options recommended by Group 1 

This problem is probably caused by poor compaction near the slab coupled with water overflowing 
the ford. The solution would be to raise the road level (camber/road profile) and improve drainage 
by the construction of a drainage channel to conduct water to the upstream side of the drift. 

B.2.3 Adaptation options recommended by Group 3 

Improve the drainage system at the start of the landfill that leads to the ford by building a culvert so 
that the water passes into the drift upstream to reduce the drift flow downstream; the discharge to 
be led to the ford by building a ditch. 

B.2.4 Adaptation options recommended by Project Team 

The damage on the approach fill to the first concrete ford at km 17.6 will continue to occur if the 
design is not changed. In this area, it is proposed that a continuous (i.e. unjointed) roller compacted 
no-slump concrete (“rollcrete”) slab 150 mm thick and 60 m long (the same width as the existing 
ford) should be constructed. The rollcrete should have a nominal strength of 25 to 30 MPa with a 
water cement ratio of 0.36 – 0.4. 

The rollcrete will be excavated into the existing layer and the material removed, with additional 
material where required, will be used to flatten the embankment slopes to at least 1: 4, which 
should then be revegetated with indigenous grasses.  

The damaged gabion baskets next to the ford should also be repaired or replaced. 

B.3 Section 3: Damage to Culverts and Erosion Protection 

B.3.1 Problems identified 

At km 10.6 (GPS 24°21.014’S and 33°32.242’E), the culvert was showing significant damage due to 
erosion. There was severe erosion and undercutting beneath the water exit slabs, loss of parts of the 
grouted stone protection and erosion of the approach embankment to the south (Figure B.7). The 
approach road on both sides of the culvert is very poor and needs significant lifting and 
improvement (Figure B.8). In addition, the drainage channels are incorrectly handled by the 
structure and require some re-alignment. This area was identified as a potential demonstration 
section. 

 

  

Figure B.7: Damage to structure and erosion protection measures at km 10.6 
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Figure B.8: Southern approach to culvert 

B.3.2 Adaptation options recommended by Group 1 

Poor compaction of access and road cutting are evident. This situation could have been caused by 
the difference of dimensions between the upstream terrain and the entrance to the mouth of the 
culvert, or the water volume may have been too large preventing some of the water to be collected 
by the channel. Excess water flows to lower ground and crosses the road merging with the water 
flowing down the road causing a strong water stream. This location then acts as a channel. 
Combined they cause erosion to the exit of the culvert and damage to structures. 

To solve the problem the following is recommended:  

 Demolish and re-build the outside protection of the culvert, both at the inlet and outlet;  

 Improve compaction at the culvert’s inlet; 

 Install a new culvert where the water crosses/cuts/erodes the road; 

 Install a new culvert perpendicular to the road to channel away the water; 

 Raise the level of the road and build sideway drains; 

 Protect the slopes with mortared stone pitching. 

B.3.3 Adaptation options recommended by Group 2 

The following recommendations were offered: 

 Construct box culverts (1.5 x 1.2, 3 boxes;  

 Channel the water from upstream to downstream; 

 Repair with mortared stone pitching and place rocks at the culvert exit. 

B.3.4 Adaptation options recommended by Group 3 

The following recommendations were offered: 

 Increase the flow capacity of the culverts through construction of more culverts at the site 
where the road has been eroded;  

 Open a drainage channel that will lead water to the point where the water is disposed of by 
the eroded culvert;  

 Repair the embankment of the old eroded culvert and create an embankment for the new 
culvert and build protection for the culverts upstream and downstream. 
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B.3.5 Adaptation options recommended by the Project Team 

Overtopping of the road has resulted in damage to the road, culverts and recently constructed 
protection works in several places (Figure B.9 and B.10). This could be eliminated by keeping the 
road at natural ground level as far as possible where the water flows across the road but would 
mean that the road could be closed for unacceptable periods while the water levels drop. The 
following adaptation measures are thus proposed for the two culverts at km 10.6 (GPS 24°21.014’S 
and 33°32.242’E).  

1. The road should be properly shaped and levelled off at the top of the culverts with the grade 
from 5 m to the north of the first culvert to 5 m to the south of the second culvert being 
perfectly flat. The road must have a camber of 5% with a well compacted wearing course, 
preferably of a suitable gravel complying with specifications. 

 

 

Figure B.9: Damaged protection works at km 10.6 

 

 

Figure B.10: Approach to the two culverts at km 10.6 from north 

2. All damaged protection works should be removed. The materials in these areas must be 
replaced with inert material and compacted to at least 95% Mod AASHTO density. (The 
existing material is quite plastic and cracks on drying out as shown in Figure B.11). 
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Figure B.11: Cracking of material in embankment at km 10.6 

 
3. The stone pitching should then be repaired with a cement grout filling all joints. The top and 

bottom of the stone pitching must be cemented to concrete strips as shown in Figure B.12. 
To avoid undercutting and erosion of the soil adjacent to the stone pitching, lined drains 150 
to 200 mm deep and 250 mm wide must be constructed at the edges of the stone pitching 
and integral to it to guide water from the shaped road surface down the embankments. 

 

 

Figure B.12: Concrete strips to retain stone pitching 
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Figure B.13: Erosion damage at edge of stone pitching 

 
4. It was clear at this site that much of the runoff water “misses” the culverts and crosses the 

road 10 or 15 m south of them (Figure B.14). It is necessary to construct an additional culvert 
in this area to control this water. 

 

 

Figure B.14: Area of crossing water that misses the culverts – the water moves from 
the right to the left and then almost parallel to the road to re-join the stream below 

the two culverts, causing a lot of the erosion. 

 
5. It will also be necessary to divert this water straight across the land in front of it to meet the 

stream in a direct path and remove it from the toe of the embankment.  

6. The erosion at the outlet slabs of the existing culverts will need to be repaired with Reno 
mattresses beneath the culvert outlets. 
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B.4 Section 4: Improved Gravel Road through Maqueze Town 

B.4.1 Problems identified 
The section of road between about 2.7 and 2.9 km through Maqueze town is poor and needs to be 
improved by raising the level and applying a better wearing course material. The culvert at the end is 
also ineffective and improved drainage is recommended. 

B.4.2 Adaptation options recommended by Group 1 

The following recommendations were offered: 

 Identify the source of water and channel them into the swamp on the north side; 

 Build a landfill and a small drain. 

B.4.3 Adaptation options recommended by Group 2 

The following recommendations were offered: 

 Build additional culverts; 

 Erect side drainage for water; 

 Landfill. 

B.4.4 Adaptation options recommended by Group 3 

The following recommendations were offered: 

 Identify the source of the water that causes damage to the village; 

 Clean all existing culverts;  

 Build a small landfill that will serve as a platform (fill) for the road i.e. raise the level of the 
road; 

 Protect the fill with curbing to channel the water. 

B.4.5 Adaptation options recommended by the Project Team 

There are currently no plans to improve the road through Maqueze town itself. The road is in a poor 
state with areas that would appear to be impassable during wet weather. It is proposed that a 
section of road 200 m long is upgraded to illustrate that a well-constructed unpaved road can be 
climate resilient. The section rises about 1 m between the proposed northern start area and the 
culvert that is to be improved under the existing contract giving an overall negative 0.5% grade to 
the north. 
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Figure B.15: Proposed demonstration section for 200 m up to culvert just past start of sunny area 

 

 

Figure B.16: Proposed demonstration section in town of Maqueze (red line) 
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Figure B.17: Cross section of improved gravel roads through Maqueze 

It is essential that the wearing course material complies as closely as possible with the standard 
specification and is compacted properly. The camber of the wearing course after construction should 
be 5%. If no suitable calcrete is located for the wearing course, a blend of 75% crusher run aggregate 
and 25% local silty clay material (PI about 15-20%) should be used. 

The culvert at the end of the section should be constructed according to the Mott MacDonald design 
but the concrete apron across the shoulder should be omitted. Instead, the approach to the culvert 
on the northern side should be perfectly level at the culvert height for the last 25 m before being 
graded down to road height. The side drains should lead into the culvert from the highest point to 
the north of the culvert and also to the north away from the culvert at this point (the actual highest 
point could not be determined during the site visit), with a grade of at least 0.5%. 

It may also be useful to consult with the local community whether the side and mitre drains should 
be used for “water harvesting”.  In flat areas, the removal of water from mitre drains is difficult and 
their general configuration observed in the area made drainage almost impossible. Most of those 
observed along the route did not extend more than a few metres away from the road and effectively 
acted as small sumps. It could be useful to lead the side and mitre drains into a purpose-built 
depression or sump 30 or 40 m from the edge of the road that will allow the water to be collected 
and used by the community and also to percolate slowly into the ground which would help in raising 
the groundwater level in the area. 
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Annex C: Briefing Note (final version) 

 
 

BRIEFING NOTE:  
 

Vulnerability of African Rural Road Infrastructure to Climate 
Impacts - How to Improve Resilience  

AfCAP Project on Climate Adaptation: Risk Management and Resilience Optimisation for 
Vulnerable Road Access in Africa (Reference GEN2014C, August 2017) 

 

Context 

The African Development Bank (AfDB) states that Africa is one of the most vulnerable regions in the 
world to the impacts of climate change. The majority of studies suggest that damages to roads from 
climate change, relative to population and GDP, will be higher in Africa than in any other region in 
the world (AfDB, 2011).  Its studies suggest adaptation costs in Africa in the region of $20-30 billion 
per annum are required over the next 10 to 20 years. This Briefing Note has been prepared for 
Senior Officials in Government to create awareness of the scale of the challenge and provide 
guidance on how to deal with the threats economically and on how to make road infrastructure 
more resilient, thereby improving socio-economic development through improved accessibility. 

Africa has experienced dramatic changes to the continents’ climate, which is causing widespread 
damage to road infrastructure and its associated assets. Rural accessibility is being compromised in a 
number of countries for increasing proportions of the year, creating both direct and indirect adverse 
effects on livelihoods and associated socio-economic development.  

In the past four decades (1975-2015) African countries have experienced more than 1,400-recorded 
weather-related disasters. These disasters have had significant impacts on affected countries’ 
economies and, in particular, on rural communities and their livelihoods. The impacts of these 
natural hazards (floods, storms, droughts, extreme temperature, landslides and wildfires) were also 
felt across all economic sectors and Infrastructure. Many communities and countries in Africa are 
socially and economically vulnerable to extreme climate events. Low adaptive capacity, as well as 
their high exposure to natural hazards, has resulted in the death of more than 600,000 people (of 
which the majority due to droughts), left 7.8 million people homeless (of which 99 per cent due to 
flooding and storms) and affected an estimated 460 million people over the past four decades 
(CRED, 2016).  

Governments are facing a substantial backlog of damage to existing infrastructure assets caused by 
the effects of changing climate and are encountering difficulties in dealing with either appropriate 
design or maintenance of roads. These challenges impact on the mobility and access needs to socio-
economic opportunities of rural communities in particular.  

A Consortium led by the Council of Scientific and Industrial Research (CSIR), South Africa, appointed 
through the UKAid funded Africa Community Access Partnership (AfCAP) was commissioned in 2016 
to deliver this guidance. The fundamental project objective is to identify, characterise and 
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demonstrate appropriate engineering and non-engineering adaptation procedures that may be 
implemented to strengthen long-term resilience of rural access. The second objective, which focuses 
on capacity building and knowledge exchange, is to meaningfully engage with relevant road and 
transport Ministries, Departments and Agencies/Authorities in a knowledge dissemination and 
capacity building programme based on the outputs from the research. 

These adverse effects can now be dealt with much more effectively in order to minimise disruption 
to rural communities. A new Handbook and associated Guidelines on methodologies for dealing with 
climate effects and threats - with formulation of appropriate adaptation measures to make road 
infrastructure more resilient - will be published in early 2018 after their validation in the field (i.e. on 
demonstration projects in Ethiopia, Ghana and Mozambique). This Handbook and its associated 
Guidelines will assist road authorities, as well as civil engineering consultants and contractors, to 
deal with climate effects on rural maintenance backlogs, on road rehabilitation and also with the 
challenges to develop new road infrastructure.  

 
The Scale of the Challenge 

There is clear evidence that climate change has already affected the magnitude and frequency of 
climate extremes causing damage to infrastructure and dislocating rural communities. Particularly 
vulnerable AfCAP partner countries are Ethiopia, Kenya, Mozambique, Ghana, South Sudan, 
Tanzania, and Uganda; however, all African countries are affected.  

The predominant types of recorded weather-related disasters for sub-Saharan countries and the 
amount of people that have historically been affected, are illustrated below in Figure 1. The size of 
the pie charts depicts numbers of people affected relating to the significance of the events. 

Internationally, Development Partners are substantially increasing their Adaptation programmes. For 
example, the Asian Development Bank (ADB)’s total adaptation financing increased from $558 
million in 2011 to a planned $988 million in 2013, an increase of approximately 77% (ADB, 2011). 

The African continent is facing a potential direct liability of over $150 billion to repair and maintain 
existing roads damaged from temperature and precipitation changes directly related to projected 
climate change.  The liability does not include costs associated with impacts to critically-needed new 
roads, nor does it include indirect socio-economic effects generated from dislocated communities 
and from loss of rural access (Chinowsky et al., 2013).  
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Figure 1: Recorded weather-related disasters and affected populations (CSIR. 2016) 

 
It is estimated that an additional 230 million people will live in rural areas in the 12 AfCAP partner 
countries by 2050, making rural accessibility and mobility a high priority in Africa (UN-ESA, 2014), see 
Table 1 and Figure 2.  
 

Table 1: Rural Population growth in AfCAP partner countries 

AfCAP countries and partner 
countries 

2015 - 2050 
Rural growth 

('000) 

Urban % 
2015 

Urban % 
2050 

         Ethiopia    37 375 19.5 37.6 
         Uganda    37 033 16.1 32.1 
         Democratic Republic of the Congo    20 456 42.5 60.4 
         United Republic of Tanzania    25 085 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 
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         Zambia    9 278 40.9 58.3 
         South Sudan    6 490 18.8 33.9 
         Ghana    1 075 54.0 70.5 
         Sierra Leone     607 39.9 57.2 
         Liberia    1 005 49.7 65.2 

 

 
Figure 2: Projected increase in rural population between 2016 and 2050 based on historical data 

 
Guidance is needed for road authorities/owners to identify the threats that are posed by climate 
change, to develop adaptation approaches to the predicted changes, to incorporate changes into 
mid-range and long-term development plans, and to secure funding for the proposed and necessary 
adaptation.   

A CSIR led Consortium appointed through the UKaid funded Africa Community Access Partnership 
(AfCAP) was been commissioned in 2016 to deliver this guidance. The fundamental project objective 
is to identify, characterise and demonstrate appropriate engineering and non-engineering 
adaptation procedures that may be implemented to strengthen long-term resilience of rural access. 
The second objective, which focusses on capacity building and knowledge exchange, is to 
meaningfully engage with relevant road and transport Ministries, Departments and 
Agencies/Authorities in a knowledge dissemination and capacity building programme based on the 
outputs from the research. 

Situational and needs analysis 

A survey of affected countries, followed by meetings with relevant Governments and stakeholder 
workshops, has revealed similar experiences and circumstances between the countries to be 
addressed urgently: 

 Road damage backlogs from climatic effects are increasing at an alarming rate and need 
appropriate guidance to address them; 

 Maintenance budgets are not adequate to deal effectively with climate effects requiring 
better Return on Investment and help with a Do Nothing / Do Minimal approach; 

 Appropriate new policies and strategies need to be embedded in plans, programmes and 
projects; 
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 Knowledge and capacity on climate adaptation needs strengthening; 

 Relevant climate-related data needs to be collected to support a new approach; 

 A manual, supported by Guidelines, should be developed and training given on its approach 
and implementation; 

 The manual should be used on demonstration sites to show good practice; 

 Training should be all levels and across all relevant stakeholders; 

 Assistance to relevant government departments is needed to allow more effective 
engagement with multi-lateral and donor agencies, with evidence to support funding 
applications. 

New Guidance Implementation 

Based on the needs analysis, the consortium carries out research into appropriate and economic 
methodologies for vulnerability and risk assessments; prioritisation of adaptation interventions; and 
optimisation of asset resilience in the context of rural access. In addition, evidence of cost, economic 
and social benefit for rural communities arising from more resilient rural access is required to 
support wider policy adoption across Africa.  

The research project focuses on: (a) demonstrating appropriate engineering and non-engineering 
adaptation procedures; (b) sustainable enhancement in the capacity of three AfCAP partner 
countries; (c) sustainable enhancement in the capacity of additional AfCAP partner countries; and 
(d) uptake and embedment across AfCAP partner countries. 

A Handbook is being developed to address climate adaptation in a new and practical way. It will 
cover a wide range of climatic, geomorphologic and hydrological circumstances, based on 
application to Mozambique, Ghana and Ethiopia, but equally applicable to any Sub-Saharan country. 
Although it will be produced for low volume roads, the principles will also apply to high volume 
roads, although there will be differing priorities and design parameters. 

There are three specific, overlapping applications of the Handbook: 

 New Infrastructure and structures 

 Rehabilitation and retrofitting 

 Maintenance 

There are five stages in the adaptation process, depicted in Figure 3: 
 

Adaptation Handbook Methodology

1 Climate risk screening (National/Regional)

2 Impact and vulnerability assessment (Project)

4 Project design and implementation

5 Monitoring and evaluation

3 Technical/economic evaluation of options

Change 
Management 
Guidelines

Engineering 
Guidelines

Risk/
Vulnerability 
Guidelines

 
Figure 3: Outline of the Handbook and supporting Guidelines 
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The Handbook will set out the overall approach and will be supported by the following technical 
Guideline documents: 

 Change Management Guidelines 

 Climate Threats and Vulnerability Assessment Guidelines, and 

 Engineering Adaptation Guidelines. 
 

What outcomes are expected of using the Handbook and associated 
Guidelines? 

It is expected that, through application of the Handbook and Guidelines: 

 the existing road network will be made more climate resilient 

 much improved investment decisions will be possible 

 maintenance costs will be reduced 

 most of the threatened damage will be averted 

 Improvements in accessibility will bring significant socio-economic development 

What actions are required? 

The following actions should be considered for implementation by Government: 

 Issue of a policy statement setting out the scope and purpose of Climate Adaptation for 
Roads and associated assets 

 Nomination of an officer responsible for Climate Adaptation implementation 

 Drafting and consultation on a Climate Adaptation Strategy 

 Consultation on augmenting National Adaptation Committees  

 Development of a Climate Adaptation implementation programme 

 Development of a capacity building programme 

 Augmentation of national design Standards. 
 

Who do you contact for assistance? 

The project team is working in Ethiopia, Ghana and Mozambique until the end of 2018 and is 
supporting other AfCAP countries who are interested in sharing experiences. A CSIR led consortium 
comprises: 

Benoît Verhaeghe (Team Leader) bverhaeg@csir.co.za 

Mike Head (Knowledge and Capacity Building) mikehead7@gmail.com 

Phil Paige-Green (Engineering Adaptation) paigegreenconsult@gmail.com 

Alize Le Roux (Risk and Vulnerability Assessments) aleroux1@csir.co.za 
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This Briefing Note was prepared by the Council for Scientific and Industrial Research (CSIR), Paige-
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The views expressed in this Briefing Note are of the authors only and do not necessarily reflect the 
views of DFID, ReCAP/AfCAP or Cardno Emerging Markets (UK) Ltd, for whom the Briefing Note was 
prepared. 
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Annex D: Contribution to ReCAP Log Frame 
An initial assessment has been made of the estimated contribution of the project to the ReCAP Log Frame indicators. This assessment is summarized in the 
following Table over the period of the project. Indicators forming the basis for calculation and recording are contained below. Phase 1 review period is April 
to October/November 2016 and covers Milestone 1. The Phase 2 option of a further 70 weeks takes the end of project target date to April 2018, covering 
Milestone 2, and is speculative at this stage. Milestone 3 assumptions are based on a project extension.  
 

Intervention Logic Indicator Source of 

Verification 

Baseline 

(Date) 

Milestone 

1 - 31 July 

2016 

Milestone 2 

31 July 2017 

Milestone 3  

31 July 2018 

End of 

Project 

Target 

(Date) 

Assumptions 

Outcome: 

Sustained increase in 
evidence base for 
more cost effective 
and reliable low 
volume rural road 
and transport 
services, promoted 
and influencing policy 
and practice in Africa 
and Asia 

1.  SUSTAINABILITY: Partner 
Government and other financiers co-
funding research with ReCAP. 

Contributions in kind (K) relates to 
3No demonstration sites, staff time 
and research programme and Core 
Contributions (C) 

 

   

K=£1,000 

 

C= £0 

 

K=£85,000 

 

C=£200,000 

 

K=£200,000 

 

C=£10,000,000 

 Two staff months for participating 

countries.  

 

Climate fund contributions from 

World Bank, EU, DFID, AfDB and 

others.  

2. Concrete examples of change 
(applied or formally adopted), 
influenced by ReCAP research that 
will be allied to #km of road in focus 
countries. 

   

0 km 

 

500 km 

 

30,000km 

 Improved access through targeted 

interventions on network of 11 

countries 

3. Number of citations in academic 
articles of ReCAP peer reviewed 
articles and/or working papers, 
conference papers etc.  

   

0 

 

0 

 

8 

 Journal article and peer-reviewed 

paper at regional conference (e.g. 

Ghana), followed by several key 

conferences events 

Output 1: 

RESEARCH and 
UPTAKE:  Generation, 

 1.1 LVRR:  Number of peer reviewed 
papers generated from ReCAP 
supported or related LVRR research 
projects made available in open 

   

0 

 

2 

 

5 

  

Venues to  be determined 
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Intervention Logic Indicator Source of 

Verification 

Baseline 

(Date) 

Milestone 

1 - 31 July 

2016 

Milestone 2 

31 July 2017 

Milestone 3  

31 July 2018 

End of 

Project 

Target 

(Date) 

Assumptions 

validation and 
updating of evidence 
for effective policies 
and practices to 
achieve safe, all-
season, climate-
resilient, equitable 
and affordable LVRR 
and transport services 
in African and Asian 
countries. 

 

(Low Volume Rural 
Roads : LVRR / TS – 
Transport Services) 

 

access format. 

1.2. TS: Number of peer reviewed 
papers generated from ReCAP 
supported or related LVRR research 
projects made available in open 
access format. 

   

0 

 

1 

 

3 

  

Based on climate effects on 

transport sub-regionally 

1.3 Engineering Research: National 
policies, manuals, guidelines and/or 
research outputs that have been fully 
incorporated into 
Government/Ministerial 
requirements, specifications and 
recommended good practice as a 
result of ReCAP engineering research 
(including climate change adaptation 
and AfCAP and AsCAP adaptations).   

To include introduction of new 
policies and modification to existing 
policies. 

   

 

0 

 

 

4 

 

 

12 

  

Refers to policy and guidelines 

Targeting all AFCAP partner 

countries with 3 in Phase 2 

1.4 TRANSPORT SERVICES Research: 
National policies, regulations and/or 
practices for rural transport services 
modified or introduced as a result of 
ReCAP research to include 
introduction of new policies and 
modification to existing policies. 

       

1.6. LVRR and TS information 
generated for dissemination, and 
disseminated, that is not peer 
reviewed.  Total to include research 
papers, final research reports, 

   

 

 

 

 

 

 Inception Report 

Monthly Reports 
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Intervention Logic Indicator Source of 

Verification 

Baseline 

(Date) 

Milestone 

1 - 31 July 

2016 

Milestone 2 

31 July 2017 

Milestone 3  

31 July 2018 

End of 

Project 

Target 

(Date) 

Assumptions 

workshop reports, manuals and 
guidelines. 

4 

 

11 

 

19 Briefing Document 

Guideline document 

Final report Phase 1 and 2 

Output 2: 

CAPACITY BUILDING: 
The building of 
sustainable capacity 
to carry out research 
on low volume rural 
roads, and rural 
transport services in 
African countries. 

2.1. African / Asian experts or 
institutions taking lead roles in ReCAP 
Research Projects.  

 

   

16 

 

14 

 

20 

  

Project Team 

Country Counterpart Team 

2.3. Research projects with female 
researcher inputs at senior technical 
level. 

   

3 

 

5 

 

8 

  

Project Team 

Country Counterpart Team 

Output 3: 

KNOWLEDGE:  
Generated evidence 
base of LVRR and TS 
knowledge widely 
disseminated easily 
accessible by policy 
makers and 
practitioners 
(including education 
and training 
institutions). 

3.2. ReCAP generated knowledge 
presented and discussed at high level 
international development debates 
and conferences 

   

0 

 

4 

 

8 

 Sub-Saharan regional and national 

authorities 

3.3. ReCAP generated knowledge 
disseminated through significant 
workshops and dedicated training, 
virtually or physically, that are rated 
by participants as effective. 

   

3 

 

6 

 

11 

 Phase 1: 3 countries 

Phase 2: 11 countries 

International, participation, 
multiple stakeholder 
groups, multi-topic, multi-
country, regional, or local.  
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