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ABSTRACT: This review explored the potential climate
risks for transportation and probable institutional con-
straints and opportunities for adaptation in Ghana. Us-
ing documentary research and on the foundation of the
Transport Sensitivity Framework and the Action Theory
of Adaptation, policy and programme documents on
transportation and climate change in Ghana were ana-
lyzed. The results indicate that potential consequences
will be in two-fold; risks related to direct impacts on in-
frastructure and operations and risks associated with cli-
mate-induced socio-economic changes. There are three
critical constraining issues; lack of data-driven informa-
tion on potential climate impacts on transport systems;
misalignment (or overlap) of institutional roles; and the
lack of a framework for mainstreaming climate change
documentation in transport plans. An opportunity for
transport adaptation is that existing institutional and
policy arrangements are amenable to review and reforms
in the short-term. Thus, in amending these policies there
must be concerted efforts towards the long-term integra-
tion of potential climate impacts and adaptation options
into transport planning, designing, construction, main-
tenance, and operations.

KEYWORDS: Transport System; Climate Change;
Adaptation; Ghana

1.0 INTRODUCTION

Mobility is not only an inextricable human right, but
also fundamental to human survival. Consequent-
ly, any disruption in the various components of the
transport system (i.e. infrastructure, operations, and
demand) has the potential of derailing the system’s

performance and enfeebling its contribution to the
broader development of a society. Globally, climate
change has emerged as a major threat to transporta
tion (Savonis et al., 2014; Nursey-Bray et al., 2012 Ja-
roszweski et al., 2010; Schmidt & Meyer, 2009). Some
of the expected far-reaching implications of climate
change for transportation include, but not limited to;
direct impacts on transport infrastructure and opera-
tions, network and mobility effects, accident frequen-
cy and severity, changes in passenger travel patterns
(travel behavior), and other indirect socio-economic
impacts (See Koetse & Rietveld, 2012; Jaroszweski
et al., 2010; Koetse & Rietveld, 2009; Transportation
Research Board (TRB) 2008; Koetse & Rietveld, 2007;
Mills & Andrey, 2002). These impacts are particularly
grave in developing countries and densely populated
locations where one single climate event may trigger
a chain of reactions with consequences for the wider
society. Vulnerability assessment in the transport sector
is rapidly evolving, with more progress achieved in ad-
dressing the short-run demand side (Koetse & Rietveld,
2009). Nevertheless, further studies on the assessment
of response strategies are necessary due to the increas-
ing trends of climate change impacts on human soci-
ety, and the ecosystem in general (Savonis et al., 2014;
Koetse & Rietveld, 2012; Schmidt & Meyer, 2009).

In the last decade, there has been an improved un-
derstanding of climate change risks and vulnerabili-
ties of the transportation sector (Becker, 2012; Koetse
& Rietveld, 2009; Nursey-Bray et al., 2012). However,
a significant gap the full integration of climate impacts
in transportation planning, design, and operations
remains unresolved (Savonis et al., 2014; Chinow-
sky & Arndt, 2012; Koetse & Rietveld, 2012; Schmidt
& Meyer, 2009). Moreover, although it is widely ac-
knowledged that transport systems perform worse under
bad climate and weather conditions, studies focusing on
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potential climate responses for the sector remain limited
(TRB, 2008; Climate Change Science Program (CCSP),
2008; Ribeiro et al., 2007). Savonis et al. (2014:p27)
highlight this point by arguing that “...adaptation plan-
ning and implementation lag except where disasters
have struck”. Consequently, more research and action
is needed to better understand and adopt a range of po-
tential response strategies in anticipation of potential
climate change impacts on transport systems (Koetse
& Rietveld, 2012). Globally, few developed countries
like Australia, Canada, The Netherlands, Denmark, Ja-
pan, New Zealand, and the USA have adopted several
approaches seeking to incorporate climate change doc-
umentation in the planning of (transport) infrastruc-
ture. In contrast, not much research and action has been
done in developing countries where climate change has
been projected to be disproportionately severer (Cer-
vigni et al., 2015; Jones et al., 2013; Jeon et al., 2006).

The transport sector in Ghana is expanding side by
side with its growing economy in line with global econo-
my, trade and world population (Moomen, 2012; Chen,
2010). The sector is critically important in Ghana’s
development efforts and mobility prospects. Projected
trends in climate variables and extremes are likely to
introduce several risks and uncertainties over the fu-
ture of the sector’s contribution to the country’s wider
socio-economic agenda (Nelson et al., 2010). However,
a closer look at existing policy documents and institu-
tional initiatives suggest that not much primacy has
been given to transport adaptation to climate change
risks (See Mensah et al., 2016; Nelson et al., 2010).

A review of the National Climate Change Policy
(NCCP) (2013), National Climate Change Adaptation
Strategy (NCCAS) (2012) and the National Climate
Change Master Plan (NCCMP) (2015-2020) indicates
that all three documents are less elaborate on climate
change impacts on and adaptation of transport infra-
structure and operations. In fact, the prominence of
transportation in these documents is mainly because of
its contribution to the climate change problem (emis-
sion and mitigation). Again, the National Transport
Policy (NTP) (2008), the National Integrated Trans-
port Plan (NITP) (2010), and the transport Sector Me-
dium-Term Development Plan (SMTDP) (2014) also
give an indication that climate risks for transportation
is not a priority (See Mensah et al., 2016; Moomen,
2012). Thus, this primer explores the potential climate
risks for Ghana’s transport system and the institutional
constraints and opportunities for adaptation. This re-
view is particularly important because of the imminent
implications for safety, operations, and maintenance

of the transport system. Although transportation plan-
ning and management must be informed by data-driv-
en information on potential impacts and the probability
of the risks, the non-existence of empirical data should
not be considered a barrier to adaptation.

2.0 RESEARCH METHOD

The review uses documentary research (DR) for the
study. DR is the sourcing and review of documents
that contain information on a subject of interest (Bailey
1994). It has also been described as the analysis of “any
written material other than a record that was not pre-
pared specifically in response to some requests from the
investigator” (Guba & Lincoln (1981: p.228). Based on
the above interpretations, the sourcing and review of
policy documents in this study fits appropriately under
the domain of DR. Arguably, documents are important
source of information and may be used in several ways
in social sciences research (Atkinson & Coffey (1997).
Denscombe (1998) similarly emphasises the attractive-
ness government publications and official statistics to
social research. According to Ahmed (2010), DR is just
as good as and sometimes even more cost effective than
in-depth interviews, social survey or participant obser-
vations. The argument here is that, using DR aids the
situation of the issues of inquiry within the theoretical
frame of reference. This is important because it im-
proves the understanding of results of the inquiry. In
this study, DR was used to enable a reflexive approach
towards highlighting the underpinnings of the review
objective. Using this method of research broadens the
foundations on which the key points of discussions are
based. The paper used DR to gather secondary data and
information on transportation system planning (infra-
structure, operations and demand) vis-a-vis climate ad-
aptation constraints and opportunities in Ghana.

3.0 CONCEPTUAL AND THEORETICAL
PERSPECTIVES

This section discusses the conceptual and theoretical
basis for this primer, highlighting how an in-depth
understanding of the climate-related sensitivities of
transport systems and the requisite adaptation path-
ways could enable resilient transportation industry un-
der future climate change. The following subsections
discuss the Transport sensitivity framework and the
Action Theory of Adaptation.
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3.1 Transport system sensitivity to climate
change: a conceptual framework

Sensitivity, as a concept, varies across authors and
disciplines. In the frame of this paper, the defini-
tion by the IPCC is applied. According to the IPCC
(2007) sensitivity is the degree to which a system is
affected adversely or beneficially by climate related
stimuli. In line with this definition, Birkmann et al.
(2013) argue that the sensitivity of a system (social-
ecological) is its predisposition to risks. Accordingly,
sensitivity is used in this paper to highlight the sus-
ceptibility of Ghana’s expanding transport system to
climate stimuli. The transport system can be viewed
from a supply and demand perspective, where in-
frastructural provision and operations constitute
supply while the need and use of transport services
constitute the demand side. According to Koetse
and Rietveld (2009) and also in TRB (2008), though
anthropogenic climate change has implications for
both sides, the focus of research and policy actions
predominantly address the short-run demand side
of the system. Mills and Andrey (2002) proposed
a transport sensitivity framework that seeks to delin-
eate the potential impacts of anthropogenic climate
change on the various components of a transporta-
tion system (Figure 4).

Anthropogenic climate change potentially alters
the frequency, duration, and severity of climate ele-
ments and extremes. These changes have both direct
implications for planning and design, construction,
maintenance, and indirect impacts on demand (e.g.
location, timing, mode, sector, etc.). Following this
observation, Mills and Andrey (2002: p2) highlight
that “...costs and benefits, measured in terms of
safety, mobility, economic efficiency, and externali-
ties, will accrue as the operation of transportation
facilities and services meets these demands and ad-
justs to weather and climate hazards”. Transport in-
frastructure in most instances is designed and built
for typical climate or weather patterns. However,
with anthropogenic climate change influencing the
variability of weather and extremes, its critical to
reassess how climate/weather patterns are incorpo-
rated in infrastructural designs. The relationship be-
tween damaged infrastructure and transport opera-
tion is direct. For instance, when floods and storms
wash away roads, road transport operations on that
route is also altered. Altering operations means de-
mand (e.g. location, timing and mode) for services
through that route must necessarily change. Subse-
quent sections use this conceptualization of trans-
port-climate interaction to assess potential impacts

Climate/weather elements

Precipitation (rain, hail, dew,
etc.)

Temperature

Wind (speed and direction)
Humidity

Sky conditions and air
quality (sunshine,
cloudiness, fog, etc.)

Examples of climate
related risks/hazards

Droughts

Floods (reverine/coastal)
Freeze-thaw cycles
Heat stress/waves
Landslides

Reduced visibility
Tropical storms

ANTHROPOGENIC CLIMATE CHANGE
affects the frequency, duration, and severity of hazard/risk

Infrastructure
Planning and design
Construction

maintenance

Efficiency
Mobility
Safety

TRANSPORTATION SENSITIVITIES

Operations

Environmental and
social externalities

Demand
Location
Timing
Mode(s)
Sector

Figure 1: Transport Sensitivity Framework
Source: Adapted from Mills and Andrey (2002).
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of future climate change projections on Ghana’s
transport system.

3.2 The Action Theory of Adaptation
Adaptation, according to the IPCC, refers to “...ini-
tiatives and measures to reduce the vulnerability of
natural and human systems to actual or expected
climate change effects” (IPCC, 2014). Adaptation
to imminent impacts of climate change is increas-
ingly gaining prominence among scientist and policy
makers (Thornton et al., 2014; IPCC, 2014: 2012; Ei-
senack & Stecker, 2012; McLaughlin, 2011; Adger et
al., 2009). Most scholarly literature attribute this to
the increasing confidence in climate change projec-
tions and the fact that it has become clearer that miti-
gation alone cannot forestall additional impacts for
decades to come (Thornton et al., 2014; IPCC, 2012;
National Research Council (NRC) 2010).

The Action theory of adaptation (See Eisenack
& Stecker, 2012) is applied in this primer from a sec-
toral adaptation context. According to the UNFCCC
(2006), sectoral adaptation refers to “...the adjust-
ments by individual sectors of a socio-ecological
system (SES) in response to climate change risks”.
Echoing this point, Eisenack & Stecker (2012) note
that these adaptive adjustments require actors, in-
tentions, and means to achieve the desired outcomes
(Figure 5). They argue that the various theoretical
contributions to ‘adaptation’ provide a good basis for
understanding the concept and introduces some crit-
ical variables for adaptation theory (e.g. McLaughlin,
2011; Adger et al., 2009; O’Brien et al., 2007; Smit
& Wandel, 2006; Brooks, 2003; Smit & Pilifosova,

2001; Smith & Lenhart, 1996). These contribu-
tions however, they opined, are less comprehensive
in drawing conclusions for adaptation governance.
Thus, Eisenack & Stecker (2012) proposed the ‘ac-
tion theory of adaptation’ as a contribution towards
refining the roles of the various components of the
system that adapts to stimulus. The basic tenet of this
framework is that adaptation is a ‘collective action’.
Framing adaptation as collective actions, refining
the purpose of such actions and how they tend to link
up in means-ends chains is crucial to the adaptation
process (Eisenack & Stecker, 2012). It is important
to mention that exposure units, receptors of adapta-
tion actions, and operators of adaptation may take up
different roles in the system.

According to Eisenack and Stecker (2012: p4)
stimulus refers to “...statistical changes in meteoro-
logical variables associated with climate change”
(See Figure 3). In the context of this analysis, we
operationalize stimulus as changing variability in
climate/weather elements (e.g. rainfall and tem-
perature) and extreme events (Figure 4). The basis
for this conceptualization can be traced to Thorn-
ton et al. (2014) argument that the concentration
of most climate change studies on changes in the
mean climate/weather values alone could seriously
lead to underestimation of the full impacts on socio-
ecological systems (also see Katz & Brown, 1992).
Besides, it is imperative to recognize that climate
change cannot be observed in the everyday life but
rather inferred from the spatially and temporally
narrow clustering of changing weather patterns or
extreme events like droughts, floods, and storms
(Christmann et al., 2014). It is important to high-

Figure 2: Schematic representation of the Action Theory of Adaptation.
Note: Exposure unit, receptor and operator can be actors. They are not necessarily identical.

Source: Eisenack & Stecker (2012)
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light that these climate or weather extremes become
relevant for adaptation only when they interact with
the context of the exposed unit (See Figure 4). That
is, to be sensitive to climate-related stimuli, the unit
must necessarily be exposed.

The exposure unit in this regard refers to the
transportation system expected to be affected by
climate or weather-related extremes. The term en-
compasses transport infrastructure (e.g. planning,
designing, construction, and maintenance), trans-
port operations (e.g. efficiency, mobility, and safety,
environmental and social externalities) and transport
demand (e.g. location, timing, and mode) that may
be considered for adaptation. For instance, the dete-
rioration/degradation of road infrastructure (expo-
sure unit) due to severe floods (stimulus) represents
an impact. The same could be said for delay in flights
due to poor atmospheric visibility or effects of fre-
quent rain storms on mobility of goods. These could
be regarded as qualitative conceptualizations of cli-
mate impacts on transportation systems. a relevant
extension of this paper could be to actually quantify
the actual transport system damages due to climate
stimuli. This is in line with Eisenack and Stecker
(2012: p5) delineation of ‘actors’. In the context of
this manuscript, the transport sector (infrastructure
and operations) is the target of the intended adapta-
tion by the “operator”.

The operator in this context refers to the collec-
tive actors that exercise the intended transport ad-
aptation. These actors are both private and public
bodies that run the system. The purpose of their op-
erations is to reduce the susceptibility of the trans-
port system to climate stimuli. The actors include,
but not limited to, Government (e.g. Ministries,
Agencies and Departments), Private Transport
stakeholders (e.g. GPRTU), and Donor partners
(e.g. World Bank, European Union etc.). These in-
stitutions are required to act collectively through
prerequisite ‘means’ in response to climate impacts
on transportation. It is important to highlight that,
without dimensioning the role of the other actors,
government is the most important stakeholder in
the system due to its role in terms of policy and in-
frastructural investments.

To implement transport adaptation policies or
strategies, actors require some resources, referred
to as ‘means’. These may include availability of data-
driven information, enhanced knowledge, financial,
and the general institutional capacity. Eisenack and
Stecker (2012: p6) differentiate three notions of

‘means’, available means, employed means, and nec-
essary means. They referred to disposable resources
of the operator us ‘available means’ whilst the ‘em-
ployed means’ indicates the part of the resources ac-
tually used for a specific adaptation. They argue that
the effectiveness of an adaptation requires the use
of the ‘necessary means’, which might be available
or not. For instance, unused institutional capacity
which could have otherwise been used for more alter-
native or complementary adaptive actions represents
a ‘necessary means’.

In Eisenack and Stecker (2012: p6) conceptu-
alization, four types of adaptation constraints are
emphasized; missing operator, missing means,
unemployed means, and complex actor relations
(Box 1). Missing operator refers to actors’ ignorance
of climate impacts, implying no adaptation. Missing
means refers to the unavailability of necessary means
even with the existence of an operator. a situation
where there is an operator with necessary means but
are not sufficiently used for adaptation is referred to
as ‘unemployed means’. a complex network of expo-
sure units, receptors and operators could hinder the
adaptation decision making process (complex actor
relations).

4.0 OVERVIEW OF CLIMATE CHANGE
PROJECTIONS IN GHANA

By virtue of Ghana’s location in the tropics, the
country is vulnerable to climate change risks (MEST
2010). There is consensus that climate will be more
variable in decades to come, with implications for
the frequency and severity of climate/weather ex-
tremes. According to World Bank (2010), annual
rainfall over Ghana is highly variable on inter-annu-
al and inter-decadal time scales making it difficult
to identify long-term trends. However, their precipi-
tation forecast for the country shows a cyclical pat-
tern over the period of 2010-2050, with high pre-
cipitation levels followed by a drought every decade.
The World Bank (2010) also highlights warming
over Ghana, with a temperature increase of up to
2.2°C — 2.4°C by 2050. It is also explicit in the re-
port that the average temperature in Ghana during
the period 2010-2050 will range between 34°C and
41°C, with significant temperature variability of be-
tween 4.3°C and 5.7°C.

In Ghana’s third communication to the UNFCCC
(See GEPA 2015), rainfall across the country is
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Table 1: Types of constraints based on the Action Theory of Adaptation

No.

Adaptation Constraints

Description

1

2

3

Missing operators

Missing means

Unemployed means

Complex actor relations

When there is no operator due to complete actor ignorance of impacts, there is no adaptation.
In this case, not even the necessary means for adaptation are known. Due to a vague problem
awareness, adaptation is hindered on the base of missing means in terms of individual
knowledge about impacts or due to conditions that prohibit problem awareness (e.g. high
information costs, social habits and normative standards). This hinders adaptation although
action is not constrained by limited available means.

The necessary means are not available although there is an operator. Although there is no

lack of perceived problem urgency (e.g. by even the exposure units themselves), limited
institutional capacity and/or budget constraints hinder appropriate adaptation. This is crucial,
in particular, for many developing countries that are disproportionally exposed to climate
change and already have limited capacities to cope with other severe stresses. Another variant
are missing responsibilities, when motivated operators do not have the legal power to act.

Means are not sufficiently employed although there is an operator to whom the necessary
means are available. When an adaptation has positive externalities for other actors, the
operator may choose to under-adapt when s/he considers that other exposure units that benefit
from the adaptation are not contributing their share to the ‘means’. By symmetry, it might

also be the case that the operator over-adapts when the action has negative effects on other
exposure units. There are also perverse moral hazard situations where means are employed to
increase the consequences of impacts. In many cases settlements are (re)built in high risk areas
(e.g. due to flooding). Investors (exposure units) push planning decisions towards their own
favour, since they expect compensation from the public (as operator) in the case of a disaster.
In sum, this type of barrier refers to misaligned incentives in the economic analysis.

It might also be that the network of exposure units, operators and receptors is too complex to
come to decisions. Since climate change has very diverse effects which are relevant for many
exposure units in different ways, there are likely to be many decision conflicts. These might
be amplified by established institutional arrangements that are not tailored to the new type of
adaptation challenge. Reckien et al. (2008) shows how different actor types can be entangled
for adaptation in the transport sector. For new problems it is not always ex ante clear which
the relevant actors are. Economically speaking, all these problems raise the transaction costs

of information search, monitoring and contract enforcement. This inhibits available means
and can increase the necessary means.

Source: Adapted from Eisenach and Stecker (2012: pp11-12)

projected to decrease by 2.9% in 2040, followed by
a slight increase of 1.1% by 2060, and later decrease
by 1.7% in 2080. According to the GEPA (2015)
“...this observation is a reflection of the uncertainty
associated with rainfall in Ghana”. Analyzing his-
torical temperature data between 1981 and 2000,
the GEPA (2015) observed a 2% change rate in mini-
mum temperature for southern Ghana and 37% for
northern (Guinea and Sudan Savanah zones). The
GEPA (2015) predicts that the mean temperatures
are likely to increase by 1.20C, 1.5°C, and 1.8°C in
2021-2040, 2041-2060, and 2061-2080 respectively.
The imminent implications of these projections are
that climate and weather extreme events will be af-
fected in terms of frequency, duration, severity, and
intensity. This will in turn impact every sector of the
Ghanaian economy.

5.0 OVERVIEW OF TRANSPORT INSTITUTIONS
AND POLICIES

The transportation sector is identified as one of the key
sectors for the acceleration of Ghana’s socio-econom-
ic growth (African Watch Magazine, 2014; MoFEP,
2010). Although the transport sector accounts for
a large portion of public investment, it also provides
huge stimulus for socio-economic growth. In the
last decade, transport sector’s contribution to Gross
Domestic Product (GDP) has been on the increase,
with forecasts showing a further increase to 3,937
GHS Million by 2020 (TradingEconomics & Ghana
Statistical Service, 2017). Currently the transport
sector contributes 3,873 GHS Million to GDP. The
country’s transport system is concentrated in the
south where major urban cities (e.g. Accra, Tema,
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Kumasi, and Takoradi) and major economic activi-
ties are found (mining, cocoa production, timber pro-
duction). Over the years, there have been consistent
efforts by governments towards building “essential”
transport infrastructure and services to, domestically,
facilitate access to jobs, education, and health, while
also promoting international trade (Ghana National
Commission for UNESCO 2010). This undertaking
underscores the notion that the availability of an effi-
cient and continuously responsive transport system is
crucial to Ghana’s socio-economic stability. This sec-
tion provides an overview of transport sector institu-
tions and policies in Ghana.

In Ghana’s Fourth Republic (1993 to date),
transport related institutions have metamorphosed
on many occasions, depending on which govern-
ment (political party) was in power. Despite the
existence of the National Transport Policy (NTP),
there have always been the issue of (re)creation and

(re)alignment of institutions based on the perspec-
tive of the ruling government. However, all trans-
port sector institutions are defined by Ghana’s in-
stitutional framework, which is built around four
key functions: Policy formulation; regulation; asset
management; and service provision. According to
Ministry of Transport (MoT) (2008), these func-
tions establish two separate relational arrangements
in the sector: First, the institutional framework de-
fines the relationship between policy formulation,
assets management, and management and mainte-
nance of services. Secondly, it defines the relation-
ship between policy formulation, market regulation,
and transport Service provision.

Currently, there are four “realigned” govern-
ment ministries with oversight responsibilities for
the various modes of transport in Ghana. These are
the MoT, Ministry of Roads and Highways (MoRH),
Ministry of Railway Development (MoRD), and

Figure 3: Institutional framework for transport infrastructure and services

Source: Modified from National Transport Policy (2008).
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Ministry of Aviation (MoAv). These four sub-sector
ministries (first level institutions) are responsible
for policy formulation, coordination, and oversight
and enabling (See Figure 3ga). Under these min-
istries are various National Authorities, Depart-
ments, Agencies, and State Owned Enterprises or
Public-Private enterprises (e.g. Metro Mass Tran-
sit Ltd, Driver and Vehicle Licensing Authority,
Ghana Highway Authority (GHA)). These second
level affiliates are charged with the responsibility
of asset management. The third level institutions in
the “supply” side of the transportation system are
the agencies and companies responsible for infra-
structure management and maintenance services
(e.g. Ghana Airport Company Ltd, Ghana Port and
Harbor Authority). The supply side of the transport
sector is largely related to transport policies on in-
frastructure provision and management. Progress
has been made in the water transport sector in terms
of institutional reforms. This has led to separation
of roles: the policy (i.e. for MoT), regulatory (i.e. for
GMA), asset management (i.e. for GHAPOHA) and
service functions of the subsector. The implementa-
tion of the Ports Master Plan will go a long way to
improve marine transport.

The supply of transportation is contingent on
the demand for it. The demand side of the institu-
tional framework is made up of policy makers (gov-
ernment ministries), planners, regulators, produc-
ers, and service providers from key sectors of the
economy (Figure 3b). According to the MoFEP and
Egis BCEOM International (2010), key sectors cre-
ating the demand for transport sector include but
not limited to:

* Energy: National petroleum Authority,
Energy Commission, Ghana National
Petroleum Company, Electricity Generating
Company, Bulk Oil and Storage Company, Oil
Companies (Exploitation) and Oil Marketing
Companies (Distribution)

* Lands and Mineral Resources: Minerals
Commission, Forestry Commission,

Mining Companies, Logging and timber
manufacturing companies

* Trade and Industry: Free Zone Board,
Manufacturers, Traders and Retailers Cocoa
board, cocoa marketing companies, growers,
processors

e Foods and Agriculture: Growers, distributers,
wholesalers and markets

The above list, though not exhaustive, gives an
indication of the diversity of transport needs and the
magnitude of the responsibility of meeting Ghana’s
economy-wide transport demand.

The Table 2 gives an overview of transport re-
lated institutions, summarizing their oversight re-
sponsibilities and policy objectives. The MoT is re-
sponsible for policy development, coordination, and
oversight of railway, roads, aviation, and inland and
maritime transport sub-sectors. In collaboration
with the MoRH, NTP and SMTDP were developed.
The MoRH is responsible for policy development,
coordination and oversight of road infrastructure.
It also oversees the activities of the Department of
Urban Roads (DUR), Department of Feeder Roads
(DFR), the Ghana Road Fund (GRF) and GHA. The
Ministry of Aviation (MoAv) and Ministry of Railway
Development (MoRD) are relatively new after being
decoupled from the MoT in 2017. Aviation under the
MoT had two key institutions, the Ghana Civil Avia-
tion Authority (GCAA) responsible for regulating the
aviation sub-sector and the Ghana Airports Compa-
ny Limited (GACL) responsible for the management
of airport infrastructure. These two institutions are
now under the responsibility of the Aviation Minis-
try. The management of the airports infrastructure
by GACL, has been hampered by uncertainties about
its ownership of assets (including those to be trans-
ferred from GCAA) and the long-term tenure of air-
port lands.

The MoRD on the other hand is now respon-
sible for policy development, coordination, and
oversight for railway, including the activities of the
Ghana Railway Development Authority (GRDA)
which is responsible for regulating rail operators
and managing the rail infrastructure assets and
the Ghana Railway Company Limited (GRCL) re-
sponsible for providing passenger and freight rail
services. GRDA was created to plan and manage
Ghana’s railway infrastructure assets but lacks the
capacity and resources to fully implement its re-
sponsibilities (MoT, 2014). With this plethora of
institutions comes the critical need for collabora-
tion and coordination. As part of the implementa-
tion of the NITP, there has been an increase in the
number of formal mechanisms for collaboration
and coordination between and among Ministries.
However, without the clear mandate for coordina-
tion and integration between the modes, priorities
will always tend to be determined by the formalized
institution mandates.
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Table 2: Summary of transport related institutions, responsibilities and policy

Institution

Oversight responsibility

Policy objectives

Ministry
of Transport

Roads, aviation, railway,
and inland and maritime,

To ensure safe, reliable, and accessible transport system with the
provision, expansion and maintenance of transport infrastructure and
services in Ghana.

To develop a multi-disciplinary human-resource base and the use of new
technology to strengthen institutional capacity for implementation of
programmes and projects.

To review, develop and strengthen the appropriate legal, environmental
and regulatory framework that will ensure an efficient and accessible
transport system.

To promote a sustainable legal and regulatory framework that will
promote Public Private Partnership (PPP) in the provision of transport
infrastructure and services.

Ministry
of Roads and
Highways

Road infrastructure:
Urban, rural, and highways

Create and sustain an accessible, effective and efficient transport network
Integrate land use, transport planning, development planning and service
provision

Create a vibrant investment and performance-based management
environment that maximize benefits for public and private sector investors
Develop and implement comprehensive and integrated Policy,

Governance and Institutional Frameworks
¢ Develop a multi-disciplinary human resource base to facilitate the
implementation of our programmes and projects

Domestic and international o
air transport

*Ministry
of Aviation

planning, developing, managing and maintaining all airports and
aerodromes in Ghana

*  Airspace management and Safety Regulations

¢ Provision of Air Navigation Services (Air Space Management) within the
Accra Flight Information Region (FIR)

*  Promoting PPP for the Development of Civil Air Transport Industry

¢ Research and training of skilled personnel

*Ministry
of Railway
Development

Development of Railway .
system °

To plan, develop and improve railway Assets
To promote the development and management of suburban railway
through Public-Private Partnership

¢ To ensure effective regulation and monitoring of activities of licensees,
concessionaires and operators in railway sub-sector

e initiate, conduct, and promote studies necessary for the growth and
development of railways including the development and implementation
of railway master plan

Source: Review of NTP, NITP, and the SMTDP.
*Ministries marked were created in 2017.

6.0 TRANSPORTATION AND CLIMATE
ADAPTATION IN GHANA: STIMULATING
THE DISCUSSION

Ghana’s transport system is a critical component in
the country’s supply chains and communications.
Transportation, in general, is a very complex system
with responsibilities distributed across many differ-
ent stakeholders, requiring many costly and long-
term investments in infrastructure and operations.
Hence, transport infrastructure and operations af-
fected by processes of climate change (e.g. increas-
ing temperatures, severe variability in rainfall, heat

waves, storms, rising sea levels, etc.) produce sig-
nificant adverse repercussions for mobility and the
wider socio-economic growth. In this section, we
discuss the potential impacts of projected climate
change on Ghana’s transportation, highlighting
institutional constraints to and opportunities for
transport adaptation.

6.1 Potential impacts

The planning, designing, construction of transport
infrastructure is executed with considerations for
local weather and environmental conditions (Sa-
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vonis et al., 2014; Mills and Andrey, 2002). However,
with current projections of climate change, the im-
plications are that historical climate data and some
assumptions about imminent climate and weather
conditions may be wrong which may precipitate
the deterioration or failure of transport network
(UNDP-Africa adaptation programme, 2011; TRB,
2008; Mills and Andrey, 2002). Previous studies have
established that all transport modes will be affected
by climate change (See Savonis et al., 2014; CCSP,
2008; TRB, 2008). Considering existing challenges
in Ghana’s transport sector, the indications are that
the potential consequences could be in two-fold;
risks related to physical impacts on infrastructure
and operations and risks associated with the result-
ant climate-induced socio-economic changes.

The direct impacts of climate change include, but
not limited to, increased deterioration and deforma-
tion of transport infrastructure and more frequent
interruptions of transport operations, resulting in
mobility and economic inefficiencies in the system
(Table 3). In the road transport subsector, expected
frequent and severer floods and storms could lead to
frequent inundation (erosion and deterioration) of
road infrastructure that have implications on passen-
ger and freight safety. Anticipated increases in storm
events could result in frequent landslides along road
networks in hilly areas, leading to disruptions in road
transport. The disruption in road transport opera-
tions is consequential to system efficiency in the sense
that it could lead to increased cost in terms of time
lost, increased transportation cost, and increases in
maintenance cost (Boateng, 2012; UNDP-Africa ad-
aptation programme, 2011; World Bank, 2010).

The deformation of rail track due to severe tem-
perature anomalies have safety, mobility, and effi-
ciency implications. Truck buckling and rolling stock
overheating (or failure) result in speed restrictions
and higher needs for cooling. This may lead to in-
creased rail construction and maintenance cost. Cou-
pled with existing challenges in the rail sub-sector,
the Ghana Railway Master Plan requires a review
that will give due considerations to these potential
medium- to long-term impacts. Projected increases
in temperatures may also cause heat buckling of run-
ways and aircraft lift, which may result in payload
restrictions, cancellations and the general disruption
of services at airports (Moomen, 2012). Frequent
air traffic disruptions due to severe climate/weather
events could also be expected. This may have impli-
cations for departure and arrival rates (Moomen,

2012; UNDP-Africa adaptation programme, 2011;
Koetse & Rietveld, 2009).

In the coastal zone, where large urban cities and
significant transport infrastructure are found, pro-
jected Sea Level Rise (SLR) could have dire conse-
quences for the countries development (Table 3).
These coastal cities are already experiencing frequent
storm surges, flooding and high tide wave events
(Komey, 2015; Moomen, 2012). a good example is
the Keta sea erosion problem which has seen huge
investments from government and its development
partners. With projected SLR due to anthropogen-
ic climate change, port facilities will be affected by
increased storm surges leading to periodic inunda-
tion and interruption of shipping services. Again,
breakwaters protecting ports could be rendered less
efficient, requiring raising and/or strengthening.
SLR may result in larger tidal prisms and foundation
scouring (or silting), all of which could hamper op-
erations at the ports. Destruction of port equipment,
navigational aids, and reduced ship access to docks
are consequences that could be associated with pro-
jected SLR.

Ghana could also experience economic losses due
to low water levels for inland water transport. Chang-
es in rainfall and temperature influences water levels
in lakes and rivers (Koetse & Rietveld, 2009; Jonk-
eren et al., 2007), implying consequences for inland
passenger and freight mobility. Already fluctuating
water levels have been identified by authorities as
amajor challenge to transportation on the Volta Lake.
According to the NITP, low water conditions in the
Lake (due to reduced rains and high temperatures)
prevent longitudinal movement of freight and pas-
sengers. On the other hand, the high water levels due
to heavy rainstorms makes it near impossible to use
landing facilities around Lake. All these operational
disruptions could potentially intensify with projected
climate changes (Jonkeren et al., 2007).

Apart from the direct physical impacts, it is also
imperative to note that climate change-induced so-
cio-economic changes could also considerably affect
Ghana’s transport system. Demand for transport in-
frastructure and services is contingent on economy,
trade, and population. As a demand-driven sector,
climate-related changes in the production of a com-
modity and its spatial distribution, population dis-
tribution, tourism patterns, trade, and consumption
patterns could also affect the functioning of the trans-
portation system (Moomen, 2012; Koetse & Rietveld,
2009). For instance, changes in the location of food
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Table 3: Potential climate risks for transport infrastructure and operations in Ghana

Climate Factor

Potential impacts on infrastructure

Potential impacts on operations

Increased mean
temperatures/Heat waves/
more hot days and more cold
nights, droughts, “hamattan”

Asphalt deterioration

Rutting, potholes, waterlogging of roads
Thermal expansion of bridge joints,
paved surfaces

Deformation of rail tracks (buckling)
Deformation of runways

Safety issues: passenger and freight e.g.
derailing of trains, road accidents, false
landing due to poor visibility, etc.
Mobility inefficiencies: cost in terms

of time lost, e.g. due cancelations and
diversions

Economic inefficiencies: Increased
transportation cost and increased
maintenance cost

Frequent and severer Floods,
frequent and intensive storms

Weathering/erosion of transport
infrastructure

More frequent flooding of transport
infrastructure in vulnerable areas (e.g.
coastal and low laying roads, tunnels,
rails, etc.)

Greater probability of transport
infrastructure failure (e.g. port facilities,
roads signs, etc.)

Safety issues: accidents e.g. collision on
roads, derailing of trains

Mobility inefficiencies: increased
weather related delays and disruptions
in operations, particularly road and air
transports

Economic inefficiencies: increased
transportation cost, increased
maintenance cost

Sea level rise and storm
surges

Increased corrosion rate and
degradation of port facilities, coastal
roads and rails.

Erosion or accretion of beaches
protecting port structures, roads, and
rails.

Flooding and direct erosion of coastal
transport infrastructure

More frequent interruptions in port
activities and coastal road and rail
transport.

Increased maintenance costs at ports
Effects on offshore loading and
unloading operations.

Regularity of ports, downtime and
requirements for more storage capacity

at container terminals for use in times of
closure.

production hubs may require changes in the trans-
port system to facilitate movement of food to “critical
points”. In Ghana, agriculture is a major contribu-
tor to GDP and it is considered the most vulnerable
sector as it is mainly rain-fed. As a result, shifts in
production patterns due to irregular rains, droughts,
climate-induced diseases and pests, etc. may have
substantial implications for trade and freight trans-
portation patterns and demand. The emphasis here
is that a better understanding of climate impacts in
other sectors may permit a better understanding of
latent derivative climate consequences on transport
systems (See TRB, 2008).

6.2 Transport adaptation constraints and
opportunities

In 2013, Chinowsky et al. found that Africa will po-
tentially face a $183.6 billion USD liability to repair
and maintain roads damaged by precipitation and
temperature dynamics directly related to climate

change by 2100 (Chinowsky et al., 2013). Cervigni
et al. (2015) have also argued that “...modifying ex-
isting investment plans to explicitly capture the risks
of large climate swings can cut in half or more the
cost that would accrue by building infrastructure on
the basis of past climate”. These and other studies
in the USA and Europe emphasize the urgent need
for the integration of potential climate risks into long
term planning of transportation infrastructure and
operations (See Savonis et al., 2014; Tayler & Philip,
2011; Koetse & Rietveld, 2009; Schmidt & Meyer,
2009; TRB, 2008; CCSP, 2008). In the context of
Ghana, not much has been done in terms of poten-
tial adaptation for transport systems. In fact the only
document that explicitly deals with transport and cli-
mate change is a qualitative UNDP-AAP scoping and
impact assessment report in 2011 (See UNDP-AAP,
2011). However, a review of separate national policy
documents on transportation and climate change
gives an overview of the possible constraining factors
and opportunities for transport adaptation to climate
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projections. By constraining factors to transport
adaptation, this paper makes reference to circum-
stances or conditions that may not enhance adaptive
actions or provide ‘means’ for improving adaptive
capacity of transport system in Ghana. The adapta-
tion barriers as proposed under the “action Theory
of Adaptation” and sensitivity areas as identified in
the “Transport Sensitivity Framework” are used as
a guide to illustrate the constraints to transport adap-
tation in Ghana (Figure 4).

Ghana is gradually shifting the emphasis from
reactive disaster risk management to medium-and
long-term disaster resilience. These efforts resonate
with transport sector development. However, there
are varied institutional barriers to building a resilient
transport system in the phase of changing climate
and extremes. One of the major constraining factors
is the complex actor (stakeholder) relations which

makes it difficult for prompt and effective decision
making (See Figure 4). Transportation, anywhere
in the world has a complex web of stakeholders who
may be exposure units, receptors of adaptation, or
collective actors who exercise adaptation. In the Gha-
na context, this complexity manifests in the plethora
of government and non-governmental institutions
(possible operators of adaptation), and the ever in-
creasing transport operation entities (possible expo-
sure units, receptors, and operators). There is some
level of diversity in what connects each of these in-
stitutions to the climate change problem and conse-
quently, may lead to decisional conflicts as argued by
(Eisenack & Stecker 2012). As shown in this paper,
the overlaps in mandates and reactive actions among
transport sector institutions, makes it unclear who
the adaptation ‘operators’ are. With limited coor-
dination and collaboration between and among in-

Figure 4: Illustration of transport adaptation constraints

Source: Authors construct using the Sensitivity Framework and the Action Theory of Adaptation (Mills and Andrey, 2002;

Eisenack & Stecker, 2012)
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tuitions, ‘necessary means’ are expected to increase
due to increases in transaction cost (for empirical
research, implementation, monitoring, and enforce-
ment of actions). Inevitably, the ‘available means’ at
the disposal of institutions (operators of adaptation)
will reduce. It is, therefore, imperative to emphasize
that any misalignment of actor roles could present
barriers to effective adaptation, generating adverse
implications for the system (maladaptation).
Another key challenge will be the fact that relevant
institutions that are supposed to exercise adaptation
are limited in their knowledge (or have avague aware-
ness) of the expected impacts from anthropogenic-in-
duced climate change (captured as missing operator
in Figure 4). Reviewed documents emphasized hu-
man and institutional capacity as a major challenge to
climate adaptation. Relevant institutions, therefore,

Table 4: Policies relevant to transport system adaptation

will require appropriately qualified personnel to fulfil
the separate responsibilities of climate change docu-
mentation and integration into medium- to long-term
transport development. There is also the urgent need
for institutional capacity building, especially the crea-
tion and strengthening of environmental units in the
various institutions. The review also established that
although policies and plans attempted to mainstream
climate change adaptation, the technical specifica-
tion, standards, and design guides that tend to incor-
porate climate change variables are nonexistent. It
becomes imperative in this regard to equip relevant
institutions with operational and well-resourced re-
search and development systems.

A cautious attempt at integrating the policies
captured in the below table (Table 4) presents a good
starting point for the mainstreaming of climate

Policy Key Climate

change Priorities

Key Transport priorities

National Transport Policy Transport e Qutlines the need for transport infrastructure and services in the
(2008) Emission context of sub-regional, national and local growth objectives.
reduction *  Provide guidance on priorities for investment and reform that
enable and facilitate achievement of the strategic objectives for
transport within the policy framework
*  Provide along-term decision making platform for the effective
management and development of Transport infrastructure and
Services
e Provide a platform for dialogue and guidance on the roles and
responsibilities of key Stakeholders
National Integrated Transport e Integration of modes
Transport Plan (2010) Emission * Integration of transport and land-use
reduction * Integration with the whole government policies / strategic sector
plans (creating an integrated policy environment)
Transport Sector Medium- Transport e (Create a sustainable, accessible, affordable, reliable, effective,
Term Development Plan for Emission efficient, safe and secure transport system that meets user needs.
Implementation 2014 — 2017 reduction e Develop and integrate land use, transport planning, development
planning and service provision. Create appropriate environment for
private sector participation in the delivery of transport infrastructure.
*  Develop and implement a comprehensive and integrated Policy,
Governance and Institutional Framework.
*  Ensure Sustainable Development in the Transport sector.
*  Develop adequate Human Resources and apply new Technology.
*National Climate Change Adaptation General infrastructure adaptation
Adaptation Strategy (2012)
*National Climate Change Impacts, Transport Emission reduction
Policy (2013) Mitigation,
adaptation
*National Climate Adaptation General infrastructure adaptation and transport emission reduction
Change Master Plan programmes
Action Programmes for for priority areas

Implementation: 2015-2020
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change issues into transport development agenda.
As it clearly shows, transportation related policies
and plans do not emphasize adaptation and pays lit-
tle attention to transport emission reduction. It is,
however, important to note that some of these poli-
cies and plans are for the short- to medium-term, and
thus are amenable to reviews and reforms. It is there-
fore crucial that these reviews and reforms commit
to considering climate change related information
generated from empirical research. For instance, the
NCCMP and the SMTDP are due for reviews in 2020
and 2017 respectively. It is this paper’s expectation
that these reviews will thoroughly consider adapta-
tion of transport infrastructure and operations to
identified imminent climate impacts in the medium-
to long-term.

The current national transport policy (NTP) pre-
sents some opportunities for transport adaptation.
The NTP was formulated integrating three frame-
works: Policy framework, governance framework,
and institutional framework. Each of these frame-
works presents some guidelines for the resolution
of identified adaptation constraints and the main-
streaming of potential climate change impacts into
transportation planning. For instance, the institu-
tional framework resolves the issue of mandate over-
laps by distinguishing between transport infrastruc-
ture-related institutional arrangements and transport
operations-related institutions. Within each of these
arrangements, institutional responsibilities are clear-
ly delineated. Policy makers and practitioners in the
transport sector could draw on these frameworks es-
pecial for the review and subsequent reform of the
National Integrated Transport Plan.

This primer also established that the issue of un-
reliable and unsustainable funding featured promi-
nently in most of the policy documents, which could
serve as a barrier to transport adaptation (See Men-
sah et al 2016; Asante et al. 2015). Mainstreaming
climate change documentation into national trans-
port policies and programmes requires that stake-
holders (especially government) interrogate the vari-
ous financial options available for the extra demand
(See Asante et al. 2015; Nelson et al. 2010). Policy
formulation and implementation in Ghana has large-
ly been sponsored by donor partners which are not
reliable source for medium- to long-term actions (See
Asante et al. 2015). This is particularly the case for
Official Development Assistance (ODAs) which are
mostly in grants and the financial support from mul-
tilateral and bilateral institutions. To guarantee that

expected climate change documentation remains
an integral part of transport sector development in
Ghana, Foreign Direct Investments (FDI) and local
private sector investments must be encouraged. One
way of encouraging this public private partnership
with foreign and local investors is that government
could be committed to passing laws and by-laws to
enforce the use of technical specifications, standards,
and design guidelines in the supply of transport in-
frastructure and services.

Mainstreaming transport-relevant climate change
information into national and regional level transpor-
tation plans (programmes or projects) will require
a framework that comprehensively integrates the is-
sues at all levels of the decision making process or at
each stage of the transport planning cycle. In their
guidebook titled “Integrating Climate Change and
Disaster Risk Reduction into National Development,
Policies and Planning in Ghana”, Nelson et al. (2010)
emphasized that mainstreaming climate change goes
beyond simply adding on climate change themes in
national development frameworks. According them
it encompasses processes that assess the consequenc-
es of any planned action (e.g. policies, plans, pro-
grammes, and projects) in any sector and at all levels.
Mensah et al. (2016) argue that it must also include
the assessment of the mandate of the institutions
(e.g. MoT, MoRH, MoAv, and MoRD) and their rela-
tionships with other relevant intuitions (e.g. MESTI,
MoLGRD, MoLNR, MoC, MoEP, MoFA). On the
bases of these arguments and that made by Becker
(2012), we propose that effective mainstreaming and
the long-term transport adaptation, integration of re-
liable climate change documentation should be done
at all institutional levels, especially those captured in
the national transport development master plan. We
emphasize that integration must cut across transport
policies, planning, designing, construction, mainte-
nance, operations, and funding mechanisms.

7.0 CONCLUSIONS AND POLICY
IMPLICATIONS

Arguably, the effects of anthropogenic climate change
on Ghana’s transportation network may or may not
be substantial. However, considering the uncertain-
ties surrounding expected impacts of climate change,
business as usual cannot be a prudent alternative.
Fortunately, the service lifespan of most transport in-
frastructure is sufficiently short (less than 25years)
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(Mills and Andrey 2002). This affords stakeholders
(e.g. government) the opportunity for cost-effective
replacements using apposite climate-resilient plans
and designs for transport systems..

The existing policies and strategies present
a strong foundation for transport adaptation. How-
ever, the misalignment of actor roles (missing op-
erators and complex actor relations) and the unavail-
ability of some ‘means’ (missing necessary means)
introduces some obstacles and uncertainties for
transport sector adaptation to climate change projec-
tions in Ghana. There is need for efforts at increas-
ing human and institutional capacity for the extra
demand of adaptation. We emphasize that the non-
existence of reliable empirical data or information
should not be considered a barrier to adaptation. This
because in the phase of uncertain changes in climate
and extremes flexible/adaptive strategies could be
adopted. However, more efforts should be directed at
empirical research on: potential climate impacts on
transportation and its probabilities; adaptive trans-
port planning options; and how these adaptation op-
tions can be mainstreamed into national transporta-
tion policies and practices. We argue for increased
commitment towards integrating considerations of
potential climate impacts and adaptation options
into transport planning, designing, construction,
maintenance, and operations.
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