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ABSTRACT

Multimodal transport systems (MTS) and logisticspensiveness (LR) are vital concepts in engineeaing
business disciplines, respectively. Converselyir thenalgamation in transport system developmentghey scientific
community is low, and therefore,attracted few redeanterests. This paper aims at assessing theeimde of MTS
dynamics on logistics responsiveness and modalcebpiwith the Ghanaian perception. Researcherstedicgelf-
administered questionnaires and ordinal logistgression approach. The study reviewed the broactise of logistics
responsiveness, dynamics in MTS, Ghanaian syststagis quo and analysed the opinions of a set @fré§pondents,
drawn from transport practitioners and customersyss the ten regional capital cities in the courtrwas underscored
that, efficient MTS development and management ey crucial, to reduce transport cost and impréogistics
responsive trade-offs. Authors found that, four e®droad, waterway, maritime and air), out of tive key systems
studied,were statistically significant in influengilogistics responsiveness. Amazingly, rail systdespite its major role
in MTS in economy was not statistically significamind therefore did not meaningfully influence ldigis
responsiveness.This irregularity is in congruenié the peculiar Ghanaian situation, as rail sysieeurrently subjected
to vicious cycle, hence contribute marginally tauctsywide transport services and this was estaddisin the study.
Notwithstanding the high cost and other risksasgedi with air and road transport systems, theyttegemost preferred
combinations in MTS, since they are the well-depelb transport options nationwide and this was agabstantiated.
Authors conclude that, there is a significant iefltae of MTS dynamics on logistics responsiveneslshas momentous
impact on modal choices. Some strategies to imphVe& for satisfying logistics responsive demands siressed.
Researchers recommend that, stakeholders shoulbvmphe expansion and integration of rail systeno itheir to

achieve cost-efficiency and logistics responsivalgo
KEYWORDS: Logistics Responsiveness, Modal Choice, Multimddtainsport System, Ordinal Logistic Regression
1. INTRODUCTION

Multimodal transport systems and logistics respargéss are vital concepts, in engineering and bssin
disciplines, respectively. Surprisingly, the atientgiven to their amalgamation in transport systisaelopments by the
scientific community is low, especially in the déyging countries and this has attracted few re¢eattentions. The
uncertainties in supply chain and market enviroriheften create demand for responsive and effi¢ciamisport systems
capable of moving freight and people from one ptinanother. There are various factors that infheetmansport mode

choice, particularly in nations that have multiptemultimodal transport systems.
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10 Stephen Okyere, Jiagi Yang & Monde Aminatou

Multimodal transport system (MTS) consists of anark of nodes (airport, seaport, and intermodahteal) and
links (road, rail, and navigable waterway), transitstems (inland terminals) and pedestrian walkwthat are
interconnected to constitute a seamless systenpdople and freight movements.When well-planned,ntaaied and
managed, MTS can offer cost-effective, reliablde sapeedy, energy-conserving, and environmenighdty means of
transporting passengers and goods. There are ntwaytages associated with MTS that make it a goagsport option
for trade and industry developments of a natiomettuces undue pressure on roads, ease congdstiitriravel times,
improve passenger safety, and provide alternataresport routes for producers and consumers. Byigirg an efficient
and low cost services, MTS augments economic dpwedot and better the quality of life for peoplariy in a society.
Generally, the more viable transport system alterea there are in a country, and the better #esport modes uniformly

interlink and support each other, the less congestnd stressful there would be on all systembarstipply chain[1-3].

The terms multimodal, intermodal, and combinedgheéitransports are often used interchangeably ¢4hiGned
transport is defined by the European Union Couddaiéctives 75/130/EEC as the transport of goodwimch the
conveying units; lorry, trailer, semi-trailer, swapdy or container are conveyed by rail or waterveayart of the journey
and road for the initial or terminal haul [5, 6]@arding to Macharis and Bontekoning [7] intermottahsport isdefined as
the usage of two or more modes of transport imglsitransport chain with no change of the tanspoitt for the freight
with most of the routes trekked by rail, navigabaterway, or ocean going vessel and with the skbliteely initial and
final distances travelled by road.

Basically, MTS comprises the use of more than omesport mode to successfully carry loads from pwiet to
another. For example, coastal shipping, deep dppisf, and inland waterway, as these often comhiitle road and/or
rail to complete the shipment either at the begignor the end of the shipment. These require umifonplement,
complex software and good management techniquesarfoeffective functioning as they operate in végetof mode
combinations. For instance, containers are unifprelsigned (e.g. 20 footer or 40 footer containerarry cargoes by
trains, trucks and ships within a single shipmerda MTS.

Comparatively, MTS is a better option to road-oahd other unimodal transport systems as it hastéesmical
problems, cost-efficient and more environmentapoesiveness. It brings on board all the advantafebe combined
modes. However, it receives less political supplort to its high initial upfront construction costsd complex logistics

infrastructure involvements, especially in lesseleged economies like that of Ghana.

The Council of Logistics Management [8]defined Lgiffis as the procedure of preparation, executing, a
monitoring the well-organised, activemovement atadiisg of cargoes, services, and interrelated madionfrom source
to destination in compliance with customer demarddfinson and Wood [9] explains logistics as a cnsteoriented
operation within supply chain management (SCM)a asocedure of conveying and managingfreightsraadurces from
the start to the finish of the manufacture, salacfice and waste removal, to fulflconsumers dersaaadd increase
commercialeffectiveness[10]. Therefore, logistiesaimethod of transporting and handling goods aatémals from the
start to the finish of a company’s operations; piaithn, distribution, sale process and waste dspés industrial

effectiveness and customers’ satisfaction.

Transportation is the most crucial economic agtitit logistics system as it occupies one-thirdwo-thirds of
companies’ logistics costs. As investigated byNational Council of Physical Distribution Managerh@dCPDM) [11,
12], the average transport costs 6.5% of marketnmecand 44% of logistics cost. Hence, transpottesys do not only
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make products timely deliverable but also respensind useful under the least cost principle (13thtt an effective
transport system, logistics responsiveness as tames-based operation management cannot attafulitedvantages.
Efficient transport system ensures improved logisgffectiveness, lessen operation cost and proquakty of service.
The development of an efficient transport systequire the effort of the public as well as the prévaectors toincrease the

competitiveness of government and enterprises.

Thus, transportation has fundamental responsiliititppgistics responsiveness. Transport systemg gyamamic
and complex roles than the simple carrying of fiesgand people. It is only by means of well-manageadsport and
strategic systems assessment that passengeregyidsican be moved to the right place, at the tigie, at the right cost
and ultimately, to meet customers’ logistics densam} deduction, transportation in logistics mamaget, is regarded as
the pivot of efficiency, economy and expands otharctions of logistics processes to bring aboutetgu benefits;

service quality, competitiveness and responsivaittomers and service providers [14, 15].

The selection of transport modes affects logigtiedformances in organisations. Transport valuecrsd varies
from industry to industry. For companies dealingfmaroducts of small volume, low weight and higtuea(e.g. jewellery
companies), the cost of transport is low and ledsed. However, firms dealing with products havimgye volume, heavy
weight and low value (e.g. Cement industries) fpanation costs and its effects on company preafits huge, and hence
more regarded [16-18]. Transport system users meddvestigate the system dynamics for efficientd amsponsive
transport modes that can satisfy their demandsilélyn transport service providers and stakehadezed to assess and
improve their transport systems to remain competitind sustainable in the industry and overallomafi socio-economic

development.

Therefore, the research concentrates on comparaeptace much value and cost on transports im thgistics
and supply chain operations with the ultimate gafalesponsiveness and customer’s fulfilment. Thelstlso provides

useful strategies for service providers on futuaegport systems.

It is worth knowing that different products trangigal by diverse companies require different focndamistics
responsiveness. For example, innovative products, (smartphones) which reflect new trends are nioceised on
responsiveness than products that satisfy basitsHée fast-moving-consumer goods (FMCG) sincérthemand is less
predictive [19]. Hence, the responsiveness in tagisdepends on anticipated uncertainty of demahdttwrely on
effective planning capabilities and the inherentiaions in demand [20]. The management of suppbircand logistics
responsiveness is crucial particularly when workimg competitive market environment which demandtéd lead time

and critical inventory [21].

The selection of aparticular mode of transport iIT3Mto arrive at cost efficient and effective logist
responsiveness concurrently, is a difficult goal achieve. This generally involves critical tradé-ofecisions by
management. Usually, the augmentations in logisésponsiveness are perceived to come at the expéms upsurge in
transportation cost to the disadvantage of custsroetransport service providers.However, well-pkh strategies and
carefully selected transport systems can resu#cimeving responsiveness and cost-saving goalsltasimeously to the

satisfaction of most players within the supply chai

Finding the strategicmethods and influential fastor selecting appropriate cost-efficient transgydtem, and

attaining effective logistics responsiveness irsaniare demanding tasks and these informed tharob®es’ decision in
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the pursuit of this study. Therefore, this reseasgleks to assess the influence of MTS dynamics ogystics
responsiveness with the perception in Ghana asvialeree. The assessment of the transport systenaatbastics and

their influence on modal choice dynamics are antbegbjectives pursued by the researchers.

The rest of the study is organised as follows. @#raf reviewslogistics responsiveness, influerfaaitors in
modal choice,transport system dynamics and thespianh systemsituation in Ghana. Chapter 3 deals miterials and

methods used for the research, chapter 4 contdudis and discussion and finally chapter 5 coregud

2. REVIEW OF LOGISTICS RESPONSIVENESS, TRANSPORT SYSTEM DYNAMICS, AND
GHANA TRANSPORT SYSTEM

2.1 Logistics Responsiveness

Responsiveness has globally become key objectivieogistics and Supply Chain Management (SCM) as a
means of gaining competitive edge in the marketeldhis concept in supply chains in meeting custndynamic
demands and the management of an efficient mult@niwdnsport systems are current issues of graeeeists. There are
several definitions of responsiveness in logisdosl SCM. Frey[22]defined responsiveness as theitgpafca section
within a company to respond to variations in cugtomequirements or in market situation. It is atdefined by
Kritchanchai and MacCarthy [23] as the ability eact resolutely and within asuitable time-scaleustomer claim or
variations in the marketplace, to bring about oirmaén reasonablebenefit. Stalk and Hout [24] erspteaon time-based

rivalry and explain responsiveness as the consegsgefexecuting a time-based approach.

Again, Barclay et al [25] define responsivenesshascapability to react purposely and within a tjgiod to
significant procedures, chances or pressures edlyeftom the outsideenvirons to create or sustaimpetitive benefit. In
another development, a responsive MTS is the onehwgtress on cost efficiency and flexible to ureotpd customer’s
requirements such that no resources are misusedonfvalue added activities [26]. Furthermore, ittlie skill to
answerdecisively and within an appropriate timenieato customer’s requests or changes in the matieg, to generate

or sustainreasonablebenefit[27].

Logistics Responsiveness is therefore defined asiility of a firm to strategize and manage igidtics system
to deliberately satisfy with unpredictable custosheequirements. It aims at synchronizing the tpamsand other logistics

activities to optimize the capacity to manage i dynamic customer demands [28, 29].

Whether movement of passengers (commuting) or tivedg of goods (freight), there are key factorg fo
consideration in selecting a particular transpooden Among the predominant features passengersdeorfer specific
travel modes are accessibility, cost, safety, lbditg, speed, privacy and comfort [30].The commppreferred mode
choices by customers are automobile, public traimgénd and coastal water, walking, and bicyclthge to such factors
including economic constraints, disabilities, anefrsonal preferences. For instance, an increasaigh grices make
commuters prefer public transport or carpoolingri@imize transport cost. Land developmentpatterdsarailability of
transport alternatives are other influential fastdode choices are also affected by congestiaringy; tolling, and other

demand management strategies [31].

In consideration for freight transport, commerdaiatriers mostly prefer routes and transport systérasallow

for the best blends of speed, cost, volume, rdiighand service quality that are more responsioveustomers’ demands.
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The factors that influence freight shipments argrekent size, value of product, weight, travel dists packaging
requirements, product perishability, and hazardmegerial content. Characteristics of transportatieiworks like
infrastructure availability, congestion levels, anansport mode regulations are equally crucialoiscfor mode choice.

Freight movement is also determined by carrier eiaaktributes such as availability, and competif@2j.

These varied transport elements bring about uriogyten customers’ demandanddetermines the opttraakport
systems that are more responsive to satisfy suphedittable requirements. For instance, customaving freight of
higher value to weight ratios, and less than 50@sriravel distances usually prefer the use oftdhansport modes such
as roads. Contrariwise, shipments with lower vatugveight ratios and longer haul distances mostlgct long butlow-
cost transport modes like rail and waterway. Fépralent to be more responsive and cost efficienttimadal transport
modes are required to combine the cost or speedfitenf individual constituent modes. Usually, emtrail or air
transport modes combine with the pickup and defivamvenience of truck mode to ensure an efficant responsive
MTS. The use of land transport like truck, pipelara& rail modes are sensitive to many variables |kkels of economic

activities, fuel price changes, transport mode ad®iand demographic factors.
2.2 Multimodal Transport System Dynamics

There are different types of transport systemsiitmee (sea), air transport, inland navigable watgnand land
transport modes consisting of (road, rail, pipelimedes) each with varying features. Based on tistieg literatures and
the findings from the contactedexpert transportiiianers, the transport system dynamics wererdeted and their

unique characteristics are as stated inTablel.

Table 1: Transport System Dynamics

Ul S_ys_tem Advantages Disadvantages Development Strategies
Characteristics
'V'af.'t”T‘e .Cheaper transport cost | . Takes ' Need_s large scaleq ships .
Logistics ; ; ! . .Requires co-operative techniques.
. .| . High carrying capacity | longertransport time - . o )
Three main types; .Build innovative logistics concepts;
. . Mostly transport goods | . Schedules are oo .
. Liner : . . real-time information
like crude oil and dry bulk| affected by weather . .
. Tramp carao e rains conditions . accurate time windows
. Industry 90¢€.g.-9 . freights tracking systems
. : nghest_speed - High delivery _f_ee, Chosen when the cost per unit mass of
Air transport .Lower risk of damage, | .Weather conditions . oo
L ; . ) consignments is high and
. Aviation . High security, may affect its N
. L : conveyancetime is a key factor. It can
. Airplanes and .Flexibility, operations ;
. . . connect with other
Airports are . Accessibility . Environmental i : o
L modes;Internationalization, Form
separated hence .Frequent and regularto | pollution is high . R
. e : cooperation and merger with air
need aircrafts destinations .Not suitable for : .
. : : transport establishments, Cooperate with
. Speed delivery at | .Very suitable for conveying heavy ) o
: i -2 .| other modes; maritime, land for door-to-
far distances passenger’'s movements.| goods due to its high :
door& JIT services [33, 34].
.unaffected by land forms| cost.
. Cheaper delivery costs | .Slower . o
. ; . Countries with rivers and lakes resourg¢es
Waterway system | .Environmental deliverytime . : . .
. . ; : . can invest in developing them into
Navigable rivers and friendliness .Accessible atplaces .
. . navigable waterways to support
lakes . Cheaper Route with navigable .
. . multimodal transport system.
construction costs. rivers and lakes only
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Table 1 Contd.,

Transport System
Characteristics

Advantages

Disadvantages

Development Strategies

Road system

. Major land
transport system.
.Mostly form part of

Extends delivery services
by linking airports to
seaports with or without
rail in MTS.

.Cheaper to invest in it.

.Less capacity
.Lower safety
.Slower speed

Revolution in transport policies and

MTS. " Provide door-to-door Excess!ve usage management controls is needed;pricing,
. causes; tolling, levies among others.
. Usually connect | services. e
. i i . - .Trafficjams,
terminals ; begins | .High accessibility .
. N~ .Accident prone,
and ends the system .High flexibility Hiah pollutions. etc
High availability gnp » €1C.
.Expensive initial
setup cost
Pipeline system. . Greatvolume . Harder supervision . L
. .Innovate means of integrating into the
.Mostly for fluid . Less effect by weather | . Goods :
S > s multimodal transport system.
products; liquids conditions specialisation . .
. . S .Collaboration of companies for
and gases e.g. oil | . Lower operation fees . High risks of theft ;
: establishment.
and gases . Constant conveyance. | andpipe damages
.Needs more regular
maintenance
. High cost
Railsystem of'f_aC|I|t|es . . Construction of inland ports to link ralil
. . . .High expensive
. Part of land . High carrying capacity ; to ports and roads or waterways.

? maintenance costs ; .
transport and often | . Less effectwith weather s . Government require the collaboration
o o . Lack of elasticity . . g :
joins ports (seaport | situations of financiers and investors to build

. : . of urgent demand . o oo
or airport) to transit | . Lower fuel consumption L railway facilities due to its high upfront
. . Much time is
terminals. : costs.
spentin
organizingcarriages
.Needspolitical support; Requires good
Combines the advantages ,,. , . .. government policies to motivate
. . ; .High initial setup ;
Multimodal of each interlinked modes L investors and operators,
. . capital involved . : .
Transport Systems;| to be more responsive to . Investors and financiers collaborations
. - ... Management of
. Rail —road satisfy customer demands: . are much needed
operations are ; : . .
.Waterway-road . Speed . . .Requires Public-Private-Partnership
. o demanding as it
.Air-road . accessibility involves multiple (PPP)
.Rail- waterway . reliability, modes and P . Attracting and training of skilled labour
.Othercombination | . capacity, manvstakeholders for competent management
of feasible modes. | . flexibility, and )p;Iayers . Future trendsdemand door-to-door,

.cost benefits, etc.

efficiency, traceability, JIT, and regular

routing services

2.3. TransportSystems in Ghana

The World Bank’s Global Rankings, 2016 rated Ghasnghe 88th performer, out of 160 nations on thgidts

Performance Index (LPI) conducted in 2016. Thesssent with its regional peers, Ghana’s LPI andocugrocedures

are better. LPI is the global improvement of ragkim international shipments, based on competenddamistics quality
[35,36].

Ghana places itself as the safe gateway to WestaAffransportation is the valuable infrastructsegment that

promote socio-economic development. The Ghana kfynef Transport (GMoT) was established in 2009r&aligning

the functions of the former existing ministriesAofiation, Harbors, Railways and Road Transport #&es/The integration

was to form a combined, economical, secure, andevigansport system responsive to the needs ddtgpsupportiveto
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development and poverty reduction and proficierinsfituting Ghana as a transport hub of West Afric

The Ghana Shared Growth Development Agenda (GSGBA)hasSeven-policy aims that are central to the;

* Inaugurate Ghana as a transportcenter for Westakfrsub-region,

» Generate and withstand an effective transport sy$itat guarantees user need,

» Integrate land use, transport scheduling, developmplanning and service delivery,

15

*+ Make a livelyasset and conducivemanagement sethiag optimize benefits, for private and public sect

investors,

* Grow and implementall-inclusive and integrated pglgovernance and established frameworks,

» Guaranteemaintainableexpansion in the transpotarsec

e Trainhuman resources to apply new skills[38].

The Price Waterhouse and Coopers (PwC) report @igmatulated Ghana for being one of the world’'sdigp

growing economy and having transport infrastructsystems connecting the next-door states that riagerve as a

convenient entrance to West African markets. Ingparid exports trading forms majorpart in Ghanaedii growth by

44% and 50% respectively [39].Table 2 highlights thain transport system situation in Ghana.

Table 2:Transport Systems in Ghana

Transport
System

Stateof Development

Road
Transport

Road is the main mode of transport in Ghana. loaets for 94% of freight and 97% of passenger

traffic movements. Ghana had improved its road aodte since 1990s. This has led to
emergence as a hub connecting the entire Westaiifricade zone. Ghana's road network
estimated to be 67,291km([38]. It consists of truféleder and urban roads. The over-reliance
road has raised many issues like GHG pollutionsigestion and accidents. Government sp
about 1.5 % GDP yearly on roads which is the higime¥/est Africa.

Waterway
Transport

It operates on the Volta Lake transport system lvietends around 450km from the south to
north with ports located at Yapei, Buipe, Akosomibanajor ferry crossings at Kpandu, Damhb
YejiandKetaKrachi. It transports petroleum produsiish as cement, agricultural commodities
also offer passenger services along the lake. Baagesport has economic advantages; supq

its
is
on

end

the
ai,
and
orts

trucking, limits overloading, reduce traffic conges and lowers maintenance costs on roads.

Other routes are specific to small towns using $@aid canoes to operate on Ankobra, Pra,
Black Volta, White Volta, and Lake Bosomtwi. It giv cheaper options to rail and road for
northern and southern part of Ghana. Waterway pamemits less GHG pollutants.

Oti,
the

Rail Transport

Unlike before, Rail freight and passenger traffie aow insignificant in Ghana. It manages |

than 2% of freight and about 1% of passenger tfdffil. Currently, it is facing vicious cycle.
However, Rail has the potential of occupying a lvppasition of Ghana's future multimodal

transport system and a feasible option to roacherdemanding transport corridors. There are p
to develop and expand the railway network to helpransporting the unindustrialized oil and g
Ghana plans to expand the existing railway netwiokn the South to the North to link Ghana
its neighbors; Burkina Faso, Niger, Mali, Cote dine and Togo. Another plan is to link Tema
Akosombo to promote multimodal (Rail-Volta Lakedrisport system [40].

2SS

ans

Air Transport

It is a growing industry that provides crucial ansport services within Ghana. It links Ghana
the sub-region and other parts of the world. GHaa®8 developed airports each located at 8 o
the 10 regional cities including international airfs that make it emerge as a safe gateway
transport hub in the West African trade zone. Kattikternational Airport (KIA) is located at th
capital and it is the main international airpor@hana. Most of the nation’s air transport marke

1 tO
Ut of
and

ti

international and grouped under intra-African am@ricontinental flights, mostly for passengers.
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Table 2 Contd.,

Transport

System State of Development

Pipeline sector is now under-construction by thestVgfrican Pipeline Project.The aim is to
Pipeline exchange natural gas from Nigeria through Benin gd@and this country. It transports petroletim
Transport products from Tema Port to Akosombo. Governmemgpkre far advanced to increase this sector
to cover other parts of the country.
Ghana plans to make its ports a maritime hub, fesMAfrica and beyond. The Domestic maritime
trade is served by two ports: Tema port, locatedraund 25km east of Accra, the capital; and
Takoradi situated at 230km to the west. The twdgpbandle more than 90% of export and import
trade activities. Tema port serves as an outletGthana’s landlocked neighbors; Burkina Faso,
Maritime Niger, and Mali whereas Takoradi serves the rapgdbwing offshore gas and oil fields. The ports
Transport serve local production and international tradese Ehrvices managed at theports are shore| and
vessel handlings,stevedoring, transit storageitiasiland related services to vessels and carge| Th
recent increase in demand has led to congestiorapakity constraints as evidenced in long lines
of vessels at the ports’ entrances it is theretosident that Ghana has the potential resources to
improve MTS by efficiently interconnecting the vaws modes of transport.

3. MATERIALS AND METHODS

Prior to the preparation of the survey questiormasome transport experts and practitioners wergacted
forinformation on essential elements that consitubdal choice, MTS dynamics, and transport loggstesponsiveness.
Their contributions together with the reviewed rtiiresprofoundly informed researchers on MTS dyosmand the

design of the questionnaire instrument.
3.1. Sampling Strategy and Sample Size

In choosing the sample size of practitioners ingdlin transportation, the researchers employetif&tdarandom
sampling technique[41, 42]. A sample size of 508pomdents were selected across all the ten regiapdtal cities of
Ghana. By doing so the cities with larger numbecahpanies with practitioners engaging in moredpant activities are
given greater sample sizes than the cities witlselesiumber of firms with practitioners involved lgss transport
operations. Themethod considered each region’s latip of respondents as a stratum. Afterwardsngple random

sampling technique [43, 44] was used to selecbowsts as depicted in Table 3.

Table 3:Respondents from the Selected Cities

City Strata Sample Size
Accra 100
Koforidua 40
Takoradi 100
Cape Coas 40
Kumasi 100
Ho 20
Sunyani 30
Tamale 30
Wa 20
Bolgatangal 20

Total 500

SourceResearchers’ field survey, 2016
3.2. Structure of Questionnaire

The work used self-administered questionnaires athey data from respondents. Firstly, responderdse w

requested to answer questions relating to theirogeaphic characteristics and secondlyrequired tiagings on key MTS
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in respect of logistic responsiveness. In all, guestionnaire has seven components, comprisingiesdtipns relating to
respondents’ demographic data, road transport,trailsport, waterway transport, maritime transpait, transportand
logistics responsiveness. In the questionnaire d8ainchoice factors or characteristicswerestatedeueach transport

system that sought respondents’ perceptions arldagians MTS on logistics responsiveness.

These parametric factors areaverage delivery cade, raverage lead time delivery, risk of cargo
damage/lose,capacity adequacy, infrastructure mitasailability,security and safety response isspeEed of response to
information, service reliability, access to tragkiservices, energy efficiency, environmental imp#ekibility anddoor-to-

door services, variety/multiple freight transpat\dces,frequent accessibility to destinationsavetall service quality.

Similarly, there were ten corresponding paramefers evaluating logistics responsivenesswhich retpees
customers to rank in a Likert scale the transpgstesn that; meet their quality standards, reducelymt delivery cycle
time,decrease operation cost, rely on effectivenéssippliers,give quick response, respond to ecnstcchanging needs,

make good use of resources, are environmentallyiseiease returns on assets,and transport varigtieeights.
3.3. ModelSpecification, Estimations and Tests

There have been manyestablished methods for igetisty the several possibilities in view of Likestale
responses with many possible options. The bestfittiethod for this study is the adoption of thematlogit concept [45]
and [46].

The fundamental principle of the ordinal logit mtjdé] is re-stating the categorical variable innbsrof various

binary variables grounded on internal cut-pointthimordinal scale. The notations used in the madehs follows;
Let Y denotes a random variable which can assuomet&-discrete values (i.e., fall within K-classes

* Number the classes 1,...,K.

* Thus, T = Pr(Y‘ - 2) represents the probability that, the ith individsiglroductfits the second class.

*  Mostly, = Pr(Y‘ - k) represents the probability that, the ith individgiautcome belongs to the kth class.

Otherwise, when the groups are organized to asshatethe log odds (% 2 kis linearly connected with the
predictor variables.This is commonly known as thapprtional odds [48].

T +..+ 7T,
1+..+7m

J=,80k+XT,8

Iog[
The model is therefore, given by (1)

Thus, we need to estimate—lintercepts, but only p linear effects, where p desidhe number of explanatory
variables (i.e.,K+p_1<(K_])(p+]), if K>2),
3.3.1. TestingParallel Lines

As said by Lao[49], theChi-square is mostly usedirtd the variance among two-2log-likelihood figardf the
lines are parallel, the observed significance v&tuehe change would be large. Since the geneoalaeindoes not improve

the fit very much and therefore the parallel madalaid to be adequate.The study will test thefalhg hypothesis;
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HO: The location parameters (slope coefficients) aeestime across response groups.
H1: The location parameters (slope coefficients) ateme same across response groups.
3.3.2. Goodness-of-Fit Test

With the observed and anticipated frequenciesuthml Pearson and Deviance goodness-of-fit measarebe

computed. Usually, Pearson and Deviance goodnefisroéasures can be calculated [49].

oo

The Pearson goodness-of-fit statistic is

)

D=2>>"Q In( ,]

And the Deviance measure is 3)
The following hypothesis is tested here;
* HO: The fitted model is consistent with the observathd

» H1: The fitted model is not consistent with the obsdrdata.

For a well fitted model, the observed and anti@gdatell counts are similar, the value of each sttatis small,

and the observed significance level is large[50].

We reject the null hypothesis that the model fitthe observed significance level for the goodrefshit statistic

is small [51]. Models with large observed signifitdevels are good models [50,51].
3.3.3. Overall Model Test

According to Liao[49] and Paul[52], a change irelikood function has a chi-square distribution ewdren there

are cells with small observed and predicted counts.

The null hypothesis that the model without predigte as good as the model with the predictorsheameant to
be rejected when it is observed that the differdretaveen the two log-likelihoods-Chi square-haslserved significance
level smaller than 5%[49,52].

The hypothesis test here is given by;
» HO: The model without predictors is as good as theahwith the predictors.
e H1: The model without predictors is not as good asibdel with the predictors.
3.3.4. Test of Strength of Association

There are many R2 —like statistics, that can b tseneasure the strength of association, betweeddpendent
and the independent variables and the predictéablas. But, they are not as beneficial as R2sttatin regression, since

their interpretation is not straightforward.
The three commonly used statistics are;
%
o[
Cox and Snell's R2, L(B) (4)
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RZ
Ry = [1_ L(;O) )% J
Nagelkerke's R2, (5)

- =[ L(B) ]
" L(BY)

4.RESULTS AND DISCUSSIONS

McFadden’s R2, (6)

As shown in Table 4, it can be seen that, the pevfld.167) is more than the margin of error (0.0%)s signifies
that, we fail to reject the null hypothesis thdte fiitted model is consistent with the observedadahus, researchers
accomplish that, the fitted model is good, in martr the data used in this study is at 95% confiddevel, signifying a

good model.

Table 4:Goodness—of—Fit Test

Chi-Square | Df | p-Value
Pearson 76743.651 64p 0.167
Deviance 490.528 646 0.989

The R-squared (Nagelkerke=89.7%) in Table 5 showe, tthe independence variables(transport systems)
explains most of the proportions of variation ie ttependent variable (logistics responsivenessyeder, there is around

10.3% of the variability, which is uncounted fohish may be due to research related errors.

Table 5: Pseudo R-Square Figures

Cox and Snell | Nagelkerke | McFadden
0.846 0.897 0.653

Test of parallel lines are used, to check for teothesis that, the regression coefficients aralefgu all groups.
To reject the hypothesis of parallelism, we woubghlsg multinomial regression, which assesses distinefficients, for
respective group. Because, the perceived signifiedevel in Table 6 is large (i.e. p>0.05), infdrat, there is not enough
evidence to reject the parallelism hypothesis. ldeme conclude that, the regression coefficierastiae same across the

response groups.

Table 6: Test of Parallel Lines

Model -2 Log Likelihood | Chi-Square | Df Sig.
Null Hypothesis 492.474
General 100.352 492.474 116 0.997

In order to examine the individual coefficientstadal examination of the null hypothesis that, theation
coefficients for all the variables in the model aszo (0), must be established. Therefore, froméabirectly, it can be
realised that, the variance between the two logliilbods with Chi-square distribution has as pewisignificance
levelof less than 0.05 (P <0.05). Meaning the hyjpothesis that, the model without predictors iggasd as the model
with the predictors, would be rejected. Therefdhe model without predictors is not, as good asrtiwglel with the

predictors.
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Table 7: Model Fitting Information

Model -2LogLikelihood | Chi-Square | Df Sig.
Intercept-only 1429.299
Final 492.474 936.824 29  0.000

It can be realised from Table 8 that, four out loé five key transport modes under study were sty
significant, in influencing or affecting logisticesponsiveness in Ghana. These key transport systertheir descending
order of impacts are road, waterway, air, and 1naeit Meanwhile, respondents who agree to road prahsystem are
more expected to allocate higher scores to logisésponsiveness, than their counterparts whordisaglso, respondents
who agree on maritime transport system are mogdylito allot higher ratings, for logistic resporeiess in Ghana, than

those who reason differently.

Table 8: Ordinal Logistic Regression

Transport System &Logistics . : 95%Confidence Interval
ResponsivenessVariables Estimate | Std. Error Wald | Df | Sig. Lower Upper
Bound Bound
[Logistic Resp = 1] -11.686 2.000 34.150 1  0.0p0 5.605 -7.766
[Logistic Resp = 2] -6.829 1.893 13.015 1 0.000 .5B89 -3.119
Dependent | [Logistic Resp = 3] -5.360 1.859 8.311 L 0.004 04.0 -1.716
[Logistic Resp = 4] 573 1.851 .096 1l 0.7%7 -3.0%4  4.200
[Logistic Resp = 6] 9.796 1.963 24.896 1 0.000 8.94 13.644
[Road=1] -2.656 .970 7.501 1 0.006 -4.556 -.755
[Road=2] -6.137 .838 53.672 1 0.000 -7.778 -4.495
[Road=3] -4.179 .968 18.616 1 0.000 -6.077 -2.280
[Road=4] -1.231 1.220 1.019 1 0.013  -3.622 1.160
[Road=5] -5.879 .896 43.097 1 0.000 -7.635 -4.124
[Road=6] -3.105 .805 14885 1 0.000 -4.683 -1.528
[Road=7] 4 . ) 0 . ) )
[Rail=1] .789 .845 .873 1| 0.350 -.866 2.445
[Rail=2] 2.358 .862 7.492 1] 0.006 .670 4.047
[Rail=3] 1.253 .700 3.202 1 0.074 -.119 2.626
[Rail=4] -.014 793 .000 1| 0986 -1.568 1.540
Independent [Rail=5] -1.873 .786 5.674 1 0.01y -3.414 -.332
[Rail=6] 292 .793 .136 1| 0712 -1.261 1.846
[Rail=7] 0j . . 0 . . .
[Maritime=1] 579 1.710 114 1 0735 -2.774 3.931
[Maritime=2] 1.006 1.018 976 1 0.328 -.989 3.001
[Maritime=3] 3.451 1.252 7.602 1 0.006 .998 5.904
[Maritime=4] -1.009 .904 1.247 1 0264 -2.780 .762
[Maritime=5] 5.026 1.052 22.834 1 0.000 2.964 7.087
[Maritime=6] -.261 .960 .074 1| 0.006 -2.143 1.620
[Maritime=7] 0 . ) 0 ) )
[Waterway=1] 28.791 .000 . 1 . 28.791 28.791
[Waterway=2] -727 .930 .612 1] 0.004 -2.550 1.095
[Waterway=3] .249 917 .074 1 0.006 -1.549 2.047
[Waterway=4] -2.066 .932 4.909 1 0.027 -3.893 -.238
[Waterway=5] .830 1.200 478 1 0.009 -1.522 3.182
[Waterway=6] -1.824 .968 3.548 1 0.000 -3.721 .074
[Waterway=7] 6 . ) 0
[Air=1] 0° . . 0 . . .
[Air=2] .970 1.230 621 1| 0.431 -1.4472 3.382
[Air=3] .838 1.244 .454 1| 0.050 -1.59¢ 3.276
[Air=4] -3.693 1.234 8.956 1| 0.003 -6.111 -1.274
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[AiIr=5] 2.098 1.172 3.206] 1] 0.013  -.198 4.395
[AiIr=6] 1.926 656 8.618| 1| 0.003 640 3.213
[AIr=7] 0° . . 0

Again, respondents who agree on the value of weaeisport system are more likely to assign highhgat for
logistic responsiveness, than those who disagreeedder, respondents who agree on the dimensiaairafansport
system, have the likelihood of assigning higheinget for logistics responsiveness, than their dsagcounterparts.
However, in this study, rail transport system, desjts major role in MTS, as stated by varioushaus, was not
statistically significant. This means that, rail aoof transport does not importantly influence &ea the logistics
responsiveness, in the Ghanaian economy. Thisuilgty is in the agreement with the peculiar Ghanaituation, as rail
transport system is now experiencing vicious cyeld contribute to only 1% passenger and 2% fraightements in the
nation, as stated earlier on in the reviewed liteed40, 53]. Again, among the various factors aegd in the study, road
system is the commonly used mode of transporthéth passengers and freights. The combination ad \nd air, as a
MTS is the popularly chosen as the most resporeiyistics system. The reason is that, these systaws efficient and
well developed infrastructures (nodes and links)tha nation when compared with other means of prants Thus,
supporting the literature that the accessibilityw@il developed and managed MTS, largely promoggstirs responsive
ambitions[38,39,54,55].

5.CONCLUSIONS

The authors conclude that, there is a significafluénce of MTS dynamics on logistics responsiverssd this

has momentous impact on transportation modal choice

Thestudy assessed multimodal transport system dgeaamd their influence on logistics responsivendiss
covers broadly, the various transport modes thastitoites multimodal systems in Ghana, like mostetlsing countries
and the influential factors that constitute modabices for customers, to achieve their logisticpomsive aspirations. It
was discovered that, efficient MTS is indispensahbldransport cost reduction and logistics resparsess, and this
needsthe support of the government and other toanhsgrvice providers. The common factors for tpams system

assessment examined are availability, reliabifigkibility, and speed, capacity and cost benefits.

It was realised that, Freight transported in Ghas®a variety of modes such as truck, air, waadr,pipeline and
combinations of two or more, to form multimodal tgyss. Out of the major transport systems studieal, modes; road,
maritime, water and air are significant contribsttw logistics responsiveness. However, rail syst@mot significantly
affect the logistics responsiveness in the Ghanacamomy due to its underdeveloped constraintsirAgiae arrangement
of road and air as a multimodal transport systenthé popularly chosen for the most responsive tmgissystem.
However, considering the high costs and environalerisks associated with these transport modesyrduMTS
developments have to improve on the incorporatibfess cost and more environmental friendly modks tail and
waterway systems for the trade-off for accomplightst-efficient and logistics responsive goalse Btudy therefore,
recommends the intervention of stakeholders to awprail systems as rail functions, in any effezthmultimodal system
in every economy, cannot be downplayed in achievomst-saving, environmental sustainability and 3tgs
responsiveness goals. This paper will serve thesfiienof stakeholders; customers on mode choiceemnent on
transport system development planning, transpavigers, academicians and researchers. Againlisuggestively add

up to the body of knowledge on the subject mafferture studies will consider MTS mechanisms andnogation
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models, for integrating multiple transport modeg, attain cost efficiency and logistics responsi@snebjectives,

simultaneously.
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