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ABSTRACT
The transport sector has been a ma jor area of investment by
the Nigerian government and many improvement projects have
been planned to take place during the current National
Dovolop-.n{ Plan period (1975-1980). Although moet countries
of the world operate their transport racllltlcs at a
deficit, the losses impose a relati vely heavier drain on
less developed economies like that of Nigerla. It is
therefore important to make the most economical use of
avallablo\-cnrco refburces by shipping efficiently on
existing facilities in order to justitfty the heavy
lnvcnt-o:fs in this sector of the economy.

The Transportation Problem of linear programming was
employed in investigating the nature of short-run efficlency
in the pattern of shipping cocoa and palm kernels to the
ports or to processing 1ndq§ir1es within Nigeriae. The aim of
tho'study was to obtaln a quantitative impression of how the
shipping bill of the Commodity Boards could be rodﬁéod. It
also illustrates the effects which the modal choice decision
for the shipping of these commodities has on the countery's
economy,y, and the relevance of these decisions for transporf
co-ordination in Nigeria.

The basic data required by the model consists of the
quantities of cocoa and pala kernels purchased at each
origin (Si), the demand for these commodities at the ports
or_;t the processing industeies (Dj) and the frolah; rate by

sach mode of transport on all avajilable links and the

iv
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ts (Tij)e Data on these varlables in 1976/77

transhipment co
were obtained ftrom the Commodlty Boards, the Produce

Inspection Divigion of the Minlstry of Agricul ture, the

Nigerlian Raillwa Corporation and the Central Water
Transportation uring the field work in Nigeria. Data on the

road freight rate of the transport firms were either

obtained from ield wbrk or estimated.

The shortest paths obtained from modelling the
transportation nptwork as a Transhipment Problem was
employed, as if they were direct links, in the

Transportation Proble in order to obtain the optimal

pattern of shipments. The.shortest paths that were selected
in the optimal solution were\then re-interpreted

link-by-1link in order to illustrate the .actual routes over

which shlp-ogt. were made in the Pptimal model.

The results of’ both thd cocoa \and palm kernel shipping

problems indicate that apparently s -optimal shipments

which were more expensive to the systém were being made

because of the nature of the demand far cocoa and palm

y
-

kernels at the respective desmand pointe. When -hlpnenf- to

one -‘Jor'oxternal destination was con&}dorod, the optimal
shipment p;ttorn obtained is more r.prokontatlvo of the
shipping cost function fofgtho individual shippers.

The total cost of all the models which employed the
road transport freight rates of the transport firms (Costl

Model) were lower that the total cost of equivalent models

which dmployed the road transport differential of the



Commodi ty Boards (Cost2 Model) for all shipments of cocoa
and palm kernels. Thie indicates that the Boards vouf; save
on shipping costs by employing the servicee of the carriers
for shipping these commodities to the demand points instead
of paying the licenced buying agents to undertake the
shipncnt-. In all casesy Coat2 Model makes greater use of
the cheaper railway and waterway modes than Costl Model
which makes more use of shipments by roade. \\4//

These findings are contrary to the present pattern of
marketing and tranaporflng exporf commodi ties in Nigeria.
The Commodity Boards continue to‘lncur higher shipping costs
by employing the agents to transport the commodities instead
of the carriers. These higher costs can only be justified by
other non~economic functions, especially 'bu-h(collocﬁion'.
which the agents perform for the Boards.

The ma jor limitation of the r.e‘arch is that there were
no data on actual shipments to the Qorts fré- the respective
origins against which the optimal pattern obtained from the
study can be compared. Another limitation 1s tha{’alnco only
cocoa and palm k’rnels which are grown mainly in the
southern part of Nigeria are considered, the results and

(
recommendations do not apply to the vhole'country. However,

tho'-tudy provides an insight into the basic issues

involved.

vi
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1. Chapter One INTRODUCT ION

1.1 Introduction

In most developing countries a wide range of transport
facilities already existas. Technologically, these maylran;Q
from primitive footpaths and dirt roads with human or animal
porterage to superhighwaye, rallways, and aircraft, Since
the choices open tb d;voloping countries cover a wide range
of poesibilities, it lq important to ensure that their
transportation needs are selected efficiently from the wide
range of choices open to them. It is also necessary to take
each nation's needs and resources into consideration.

Although most countries of the ‘world operate their
transport facilities at a deficit, the losses impose a
r.l;tlv.ly heavier déain on less developed economies like
that of Nigeria. In some developing countries, losses in the
transportation sector absorb a large share of the government
tax revenue, thus limiting the capagity of the government to
meet urg,nt needs in other sectors. The effect of this can
be more &ova-tatlng when we co;sldor the fact that the

. p)

transport sector is not a a.par#to sector of the economy but
a link among other sectors. Therefore, it is lmportant that
offlcleét use is made of existing 2acliltles in order to
ensure the most economical use of scarce resources.

Various lntirrolatod mechanisms are attributed to the

role that transportation plays in economic development.

Transportation leads to increased specialization in



production, encourages a high rate of capital formation,
acts as a control on factor mobility and provld;s increased
accessibility, thereby promoting economic developmente The
role that transportation plays in economilc development is
very subtle and quite often, there are no clear Indications
of how it affects the overall economy because it may be
operating'ﬁﬁhconltantly with many other factors. It has been
lnalcatod that where a nation is deficlient in the factors
condusive to growth, no amount of transport investment can
create the dynamism that is necessary for economic
developmente. Howe ver, wgatever role of transportation is
being considered, the efficlency of usage is critical and
this is the ma jor concern of this studye.

The transport sector has, over the years, been a major
area of investment by the Nigerian government. In the Second
National Development Plan of Nigeria (1862-1968), the
transport sector received the largest single allocation,
while In the Third National Development Plan (197%—1980). it
received about 22% of total allocation. Improvements planned
for the current plan period include the construction or
improvement of 31,000 kilometers of major roads, the first
phase of a new ralilway system and the construction of
eighteen new shipping berths, six berths at Apapa port and
four berths each at VWarri, Calabar, and Port Harcourte These
are intended to reduce the adverse .ttoctscof port
congestion on the economy of Nigeria. Py

In 18970/71, the country experienced port congestion



problems due to the bottlenecks in the evacuation processes
at the ports which impeded guick turn-around time for the
shippling vessels. Again Iin 1974, Lagos port experienced
serlous congestion problems caused by an unprecedented and
unscheduled influx of ships which arrived simultaneously,
ali demanding the limi ted berthing facilities. Although
there are no alternatives to rationing scarce capacity,’
improved staggering of vessels arrival and Jthe
redistribution of caréo throughput through the varlous ports
may help to ilmprove the mituation.

Generally, port congestion arises from bottleneeks lnN‘
one or a combination of the integral parts of port operation
.which consists of the shipping vessels, the cuéao‘and the
loading or offt-loading processes. There are several
strategies and measures 'hlcﬁ could be designed to study
;iort congestion probless in order to assess the impact of
all the factors involved. This study is related only tp the
evacuation patter;- for Nigoria's'export commodities ;o the
ma jor seaports, as these are reflected on the basic
transportation infraftruciuro within the countrye.

One of the maJor velicy 1ssues confronting the Federal
Government of Nigeria in the transportation sector is the
need for greater co-ordination gnong the vgrious transport
modes. This demands a rational Abproach in making investment
decisions in this sector In such a way that scarce funds are

not invested without proper consideration for the

interdependence of the various -odeaQ It has been noted that

[ 4



in some cases, funds have been invested in providing [
facilities which are not being edequately utilized,
sometimes because such facilities are not related to the
n.;ds of the transport network as a whole.

It has been muggesmted so mdny times thgt the government
ahould take necessary measures to resolve the unhealthy
competition between the railways and the roads in order to
allow them to ﬁrovgdo conplln.nt@ry servicea., It is aleso
often reccmmended that the governments should take neasdfea
to ensure that the various Commodity Boards employ the most
rational mode of transport in moving their commodities to
the porta. This study may indicate an approach for using the
Commodity Boards as a leverage for transport co-ordination.
It may also provide some guldiance for efficient transport
utilization in the country it tﬁo‘Boards can reduce thelir
shipping bills by making more ;pproprlate.-odal choilce
decisions. o

In order to identify short-run inefficiencies in the
pattern of shipping export commodities in Nigeria, an
optismlzing approach to not'ork‘ﬁtilization was employed.

. There are many formulations of optl.izatfon mode les
reflecting dlif.ront initial conditions, systea bchavioﬁrs
-and primary objectives and constraints. The particular

)

formulation used depends on the nature of the technological,
institutlional and geographical context of planning problem
for which the model has been designed.

The optimization model used in this study for
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investigating the optimal pqttorn; for shipping export
commodities in Nigeria is the Transportation P¥oblam of
linear programming. It ls one of the numerical optimization
proceadures which attempt to incorporate amignificant
theoretical relationships that are devised to provide
computationally feasible eolutiqns to real planning
problems. These models contrast sharply wlth\ofher types of
optimlzation models that isolate and rigourously analyse a
smaller set of factors and have the ultimate aim of
displaying analytical elegance rather than providing
specific numerical aolutLOna’to practical p%annlng problemse.
The fact that economlc and non-economic transportetion
objectives are competing and often lncompatiﬁio raises gome
serious problems lh developing optimal transportation
nctv?rka. A fundamental question regarding the relevance of
optimization models to transportation systenms planning is
whether rigorous optimization methods can be applied
effectively in situations where the systems are relatively
poorly understood and very little data are avulfable as in
developing countries. It can however bo'argued that an
approximate solution to a relevant problem may. be more
useful in such situations than an exact solution to an
irrelevant problem. Many operations research models are of
the later type and the reseachers w£6 employ the
optimization techniques for solving specific planﬁinh
problem are not claiming to deliver more than is possible.

In facty, they should always emphasize that the approach is

]
- ]

¢



indicative of a modest aclentitftic a‘croa'h to transportation
planning problems. It provides information on a range of
feaslible and reasonably efficient alternatives before the
subjective decision that is inherent in trensportation
choice alternatives is made.
L
Important consi{ideration must also he gilven to the

subsidy issue as this may further complicate the

e
determination of the optimal transportation networke.

Generally, subsidies considerably reduce the effect of the
real cosf of transportation. The transportation sector in
Nigeria is structured in such a way that with the exception
of roadsy, all other ma jor modes of transport are run by
.statutory bodies. In mopt developing countries, these
statutory bodies are established in order to stimulate and
accelerate national economic development under conditions of
capital scarcity and structural defects i» nrivate bus%nesa
organization. Unfortunately, most of these statutory
corporations are not responsive to the changing eeds of the
growing ‘cononlos ot th;e. countries. This situatyon gives
rise to inefficiencies and other general problems on other
policy issues that characto;lzo such corporationse.

In this st;dy. theATransportation Problem of linear
progra‘ﬁlna is o-ployodtln the minimization of shipping
costs for cocoa and palm kernels in order to obtain an
optimal thp-ont pattern for the con.od‘}ies. This 18 of

course, subJact to the constraint that the demand

requirements at all fhe demand points are satisfied without
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violating the avajilabilities of these commodities at the
" producing réglonh. Tgo coast data that are employed in th;
study are the shipping costs, which consisats of the usual

[

terminal rates and the actual freight rates, and the
transhipment cos ts. .
Apart from production and processing costs, the other
céats involved Iin export commodity marketing and
tfansportation include the costs of warehousing at the
demand points, the ports or the supply regions and storage
costse. Thoso are not considered in this study. If the cost
of warehousing is constant in all the warehouses, the
addition of warehousing costs vlll‘not alter the optimal

shipping pattern Rather, the total minimum cost of the

optimal pattern will increase by a fixed sum.

1.2 Oblectives of the Study

The main objective of this research is to investigate
the optimal spatial pattern of inland transportation of two

ma jor export commodities namely, cocoa and palm kernels, in

Nigeria. These commodities are transported to the seaports

I3

by road, rail and inland wa terways. The major goals which

o
~

the study attempts to accomplish are as to?lov.:

1. To provide a case study for developing countries 1in
general and.for Nigeria in particular. There is not y.;
any study concerned with the inefficiencies associated

with the paftorn of shipping export commodities wilithin

th; country despite the fact that the competitliveness of



Nigeria's major export crops abroad depends largely on
the degree to which these inland shipping costs can be
reduced. This is particularly jamportant because the
mhipping costs constlitute the single largest expense of
the Commodity Boardse. This research may help to fill
this gap by applying an adaptation of the Transportation
Model to the movement of cocoa and palm kernels in
Nigerla. The study eims at determining the optimal
pattern for the transportation of these two commodities

in Nigeria when the demand for the commodi ties at the
N _

processing Iindustries, the major seaports or the outside
world are the ma jor constraints.

To identify any bottleneckes In the present pattern of
evacuation of cocoa and palm kernels in Nigeria. The
bottlenecks are considered in relation to the demand for
these commodities at the ports. It may be poséible to
indicate whether tﬁor‘ are any portg in which excess or
insufficient demand for the commodities are causing
excess transportation costs to be incurred in the
system. In this way, the results can also give a
quantltativé indication of how the ﬁranspor: bill of the
Commodity Boards can be reduced.

To illustrate the effects which the modal cholice
decisions for the transportation of these export
commodities has on the economy, and the relevance of
these decisions to transport co-ordination in nge?ia.

The model allows for the possiblity of transhipment



between the various modes at the transhipment points. In
this way, it allows these modes to provide coaplimentary
services at the expense of the appropriate transhipment
costs. The results obtained from this may lead to
recommendations for more appropriate modal ch?}ce
decisiona in the transportation policy of Nigeria.

To demonstrate the application of a linear prourdm.lna
model which is more extensive in 1ts coverage of modes
and commodities than models currently boingruacd. It is
a multi-mode multi-commodity transhipment model. It is
posaible to extend this model to take link capaclty into
consideration. WYhen capacity is considered, the
advantage of interpreting the dual enables the model to
be employed in considering the effects of additional
links on the entire system. The study adds another
practical example to the empirical li terature on the
traﬁaportatlon problem in which there are two or more

modes of transport and several commoditiese.

1ad Qrganization of the Study

Chapter II presents a general background to the economy

of ngeria.llt di scusses the development of the

transportation network and also the role of transportation

in the marketing of export commodities in the country.

Previous studies yelated to tranasport optimization in

Nigeria a:Q presented and the relevance and limitations of

the research are outlined.
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Chapter III discusses the Classical Transportation
Problem and its extensions as well as the Transhipment
Problem and the relevant theoretical literature assoclated
.~\“¥1th them. It also presents a discd:sgon of the objective
function and the soluti alg t ,used for solving the
transportation probleme.

Chapter IV presents the method of dcveloplnd the formal
model used.in the study and then a discussion of the
underlying economic model,

Chapter V Indicates the sources of data used in the
analysis, It présents a brief description of the variables
a8 glv.n”and any ma jor modifications of them adopted in the
study. Some conce;tual and data problems are also discussed.

Chapter VI prosonfa the results of the analysis.

Chapter VII presents a discussion of the findings and
draws conclusions from them. In addition, recphmendatlons

for future research are made.



2, Chapter Two THE NIGERIAN TRANSPORTATION INFRASTRUCTURE

AND PREVIOUS STUDIES

231 Introduction

Transportation conatitites one of the major features of
the economic development of Nig‘rla. The opening of the
country's vast area by various forms of transport resulted
in economic growth which in turn stimulated further demand
for transportation. Th; development of the national
transport network was intended to provido‘adoquato
transportation services for the growing and changing econony
of Nigeria in a way that was consistent with other public or
national.obJectlvos, such as the opening and binding
together of the natlion. In recent years, the cbuntry has
experienced an unprecedented general economic boém;
resulting in increased diversification of 1nqustrlal and

t

commercial activities. Consequently, the movement of people
a;? goods is critical to the cont1§ued develdpnent of *he
country's economy.

Thie cﬁlptor presents a general background to the role
of transportation in Nigeria's economy. It discusses the
three modes of transportation utlllzoé for freight movement
which have played and vlli continue to_g}ay slgnlfican§
roles in the social, political and economic development of
Nigeria. These ;odos. nﬂ-cl;, road, rail and waterways are
diecussed with regard to their historical development, thelr
impact on the economy and their prospects for further

'
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" development under the Third National Development Plan.

222 Background to the Economy of Nigeria

Nigeria'’s economic development was based primarily on
the expansion of peasant production for export. Until 1860,
Nigeria's exchange economy was based mainly on exporting a
iow agricultural commodities and importing a wide range of
manufactured goods. Figure 1 1illustrates how the increase in
the value of yearly exports has enabled the country to'
maintpin a favourable balance of trade.

Since 1960 however, crude oil producflon and export has
become the booming component of the Nigerian economy. Figure
2 demonstrates the dominance of petroleum ;n bo?h quantity
and valui.ln Nigeria's export trade. In spite of its
dominance however, agricultural ;xporta will continue to
play an important role in Nigeria's economy since over 70%
of the population of the the cou;try is employed in
agriculture.

’Flgu;o 3 shows the spatial distribution pattern of the
ma jor export crops og Nigeria which is fairly si-plo.
Groundnuts are produced mainly in the north, palam oil and
palm kernels are produced mainly in the south east, and
cocoa is produced mainly in tb; wests Table 1 illustrates
thg relative inportanco o£ these export commodities in tﬁo
economy of the country. In 19866, groundnuts, palm produce,

and. cocoa contributed 21, 14, and 12% of the total
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FIGVURE 3 SPATIAL DISTRIBUTION OF MAJOR EXPORT CROPS
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Commodi ty Percentage of Total Exports
1972 1973 1974 1975 1976

Groundnuts 1.4 2.0 O.1 * %
Groundnut 0i1l 0.8 1.0 0.2 * *
Groundnut Cake 0.4 0.8 0.1 * O.1
Cocoa Beans 7e1 5.0 27 37 3e2
Cocoa Butter 0.7 0.7 0.4 0.4 0.2
Other Cocoa Products 0.1 0.2 0.1 O.1 0.1
Crude Petroleum 0il 82.7 83.5 92.8 - 92.8 83.8
Palm Kernels 1.1 0.8 0.7 0.4 0.4
Palm Kernel 0il 0.4 0.3 044 0.2 0.1
Palm Kernel Cake 0.1 0.1 %{ v *
Palm O}l * * ’ 0.1 *
Rubber Ocs 0.8 0.6 003 02
Raw Cotton , % 0.2 * * *
Cotton Seed 0.2 * * * *
Tin Metal 1‘0/4 0.7 0.5 004 0.2
Hides and Skins 0.5 0.6 0.2 0.1 O.1
Coffee O.1 "0el * * 0.1
Timber and Plyvood 0.6 0.6 0.2 O.1 *
Total laJor Exports 98.1 87.4 9.0 98.6 98.5
Other Commodities 1.9 2.6 1.0 1.4 1.5

B Ty

B st L Y St S I S 5 i

Ne Be * Indicates Negligible.

Source : Review of External Trade, Federal Office ot
Statistics, Lagos, Nigeriae 1976, page 21.
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export earnings, respectively. But, 1; the laast flve years,
only cocoa and palm kernels have nu&o eignifticant
contributions to total export oirnlnzs. Their export volumes
have remained relatively constant between 1960 and 1876,
Unfortunately, the export of groundnuts and palm oil has
stopped completely. This has been attributed to declining
output, increasing domestic consumption and absorption by
local industries. Therefore, unprocessed cocoa ahd palm

kernels are the export commodities considered in this atudy.

222.1 Export Crop Productiop in the Economy of Nigeria

Cocoa was introduced into the southern forostlaéds of
Nigeria in the late léth Century and the tirst prort was in
1892. Cocoa production rose rapidly due to widespread
cultivation of the crop in large plantations throughout
Yorubaland, comprlsina the present Ondo, Oyo, and Ogun
States (Figure 4)e. From the major cocoa growlng areas, cocoa
cultivation oxpandcdmto other places in southern Nigerila and
the gquantity of cocoa exé@rted increased steadily.

Since 1960, the quantity of cocoa exported by Nigeria
has been decreasinges This has been attributed to the |
declining productivity of the cocoa tree due to age and
disease, and to shortage of farm lybour. Fortuna tely,
increasing market prices more than éo-ponaato for the
decrease in output. Already, extensive progranmoa of cocoa
rogoﬁorntlon pavo been undertaken and more have been planned

to take place during the current Third Nationel Development
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Plan period. Meanwhile, farmers are being encouraged to
plant other cash crops such as citrus, coffee and cashew
trees in addition to coso?.ln order to avoid the‘economlc
problems that are often aisoclatod vlth monoculture.

Palm trees grow throughout the southern forests but
palm kernel production is wost lmportant in the south
eastern states of Imq, Anambra and Crossg River states.

Bendel state and the Western mtates also produce palm

kernels for export. Figure 4 shows the nine southern states
Y

.

that comprise the area of study.

The importance of the oil palnm 1nduatry'ln the economy
derives from its slmultm&eoua use as basic food and as an
expﬁrt crop. Consequently, when world prices fall, the
producers still hgve a large and growing market within the
countrye. The pulm tree has sevehﬁl economlic uses but the
most important two are palm oil (a vlggl aource of fat and
0il in the diet of many Nigerians) and palm kernels (used
16r the manufacture of goap and margarine). There are some
0oil palm plantations (both government and private) but these
account for a very small percentage of total production
which still comes predominantly trOm'wlld palnﬂ. Until the
introduction and use’ét mills in the 1950's, Nigerisan palm
oil was ctnractorlzodxby low qua}lty due to poor harvesting
and processing methods. Although the pu-ber of mills hae
increased, much of the procon-;né still depends on very

& .
small scale and localized cottage industries and households.

These commodities are coyloctod from the grading



l\aiftlona and moved msouthward for export by4rull or road
transport. Some are transported along the River Niger and
oxpPrted through the del ta portse. fho deve lopment of these
transport modeas and their impact on the economy are

di sacussed below.

2233 Historical Development of the Irapsportation Modes
423.1 Inland ¥aterwavs and Porgs

At tirst the European traders who travelled to Nigeria
were content to operate solely along the coast through
agents. By the end of the 19th Century they started to puéh'
their direct trading operations inland through the vast
network of creeks, the River Niger and its major tributary
the River Benue. Figure S shows the ma jor features of inland
waterway and the ma jor geaports in Nigeria. Apﬁroxlmatolf |
1,440 xm (900 miles) of the river Niger and 860 km (600

miles) of the river Benue lie wlthlg Nigerie.

These major rivers do not serve the ma jor population

©

centres and, in addition suffer from other aerlous:)

limitations. Their water levels vary greatly bhetween wet and
' dry seasons llnlting navigation to a few v:eka a year -on the
river Benue and/to 8 months a year on fh. ;1var Niger below
ite contluoncdlvlth the Benue. Anotherinujor limitation is.-

f

the 1nab111ty\of ocean—goling veasele to cagpy loads upstream

through the dolta porﬁs due to progroasiva silting of the

several pntrances tro-_the sea.
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FIGURE 5 INLAND WATERWAYS AND MAJOR SEAPORTS



\
Ma jor projects already undertaken to lnprovevnavlaatlon
are the Escarvos Bgr Project on the coast and the Kainji
Dam, intended to n;ko it possislo for modern vessels to
navigate beyond Jebba. The fleets of river craft and barges
operating on these rivers are based on the Niger delta ports
of Warri and Burutu and the bulk ot their trgfflc is for

export or lmport via these ports. Other important river

.ports are Sapele, Onitsha, Ajaokuta, Idah and Baro, which is=s

/
7/

a rall—r£V0¢ transhipment center. The ma jor seaports are
rt Hercourt, Calabar and the Delta bort complex

Lagos, P
(1.0, Wagrl. Sapele, Koko and Burutu).

// Figure 6 shows the amount of cargo throughput at the
ma jor Nigerian ports between 1966 and'1976. The quantities
of cocoa and palm. kernels shipped tArough the po;ts in
1976/77 were employed in the analyslﬁ. Generally, most

Nigerian ports lack adequate port facilities and are

4 deficient in epééléllz.d berths but have excess capacity in
i

conyentlongl berths. Consequently, most of these ports are
congested in ﬁigy respects. Lagos is the major port and
suffered serloﬁ; congestion problems between i974 an& 19717.
.
+ Before the N;g’bian civil war (1967-1970), over 300.000
tons of freight ;.ro transpor ted annually by inland

waterways. Several private companies handled nearly all the

traffic by modern craft 6n tﬁoso rivers. By 1866, the Niger

- A\

River Transport Company accounted for 66% of the fotal river
ton-miles, while John Holts Transpoyt Company handled 22%

and the Niger Benue Transport Company handled 8% of total
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METRIC TONNES (IN THOUSANDS)

FIGURE 6. CARGO THROUGHPUT OF THE MAJOR NIGERIAN PORTS

§ 52288
N\
/
AN

2

&)

i A i A an A A " J

1967468 " 1968/69 1969/70  \9ro/mv 1972 1972/73 1973/74 1974/75 1975/76

YEARS
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riéor tonne/kilometers. Tﬁo civil war terminated the
activities of the first two companies and roduced‘that of
the third company considerably. In 1872, however, the
Central Water Transportation Co-p;ny (CWTC) with shares held
by 8ix Federal States was formed. This company was taken
over by the Federal government iIn 1875 and now handles all
the traffic by modern vessels on these rivers.
Unfortunately, the'tonnaaes transported in recent years are
still less than 10% of the pre-war totals, desplte the
exceedingly low rates of\2.3 kobo per tonne/kilometer. This
may partly be explained by the alow recovery of the
agficultural économy of the aréas along the river banks
affected by the. civil war (1967-1870) and partly by the
Sahelian drought (1972-1974) which resulted in a sharp
decrease in the water ltevel. »

" In order to avert the con*lnuina trend of port
congestion, an ambitious part devel opment programme was
planned to take place during the current Third National
Development Plan. This includes the plans for the‘oxpanglon
‘ot berths at Apapa, Varri,‘Calabuf, Port Harcourt and Xoko,
‘as well as the construction of new berths at Tin Can Island,
Lagose. Tgorc are also plans to improve navlgatign on the
inland waterways by dfodglna the rivers and providing
navigation aids. ﬁlgh hopes of viable river traffic may
dfpond on traffic fo be generated by tpe proposed A jaokota

iron and steel complex and other ma jor industrial .

undertakings planned for the curkent Development Plan

/
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period.

22322 Ihe Nigerian Rallway Syatem

Early reliance on the rivers and creeks as the chief

means of transport shlifted to the ral@vay as soon as rail

v -

trnnspértntlon beceme available. Figure 7 illustrates the
ma jor landmarks 'that are associated with the dovelop-ont of
fho Nigerian rajilway notvork..Tho rallwvay was begun in 1888
with the constru;;lon of a line extending in a
north-easterly direction from Laao;. It reached Ibadan in
1901 and Jebba on the rivo: Niger in 1908. At Jebba, a
brldéo was completed in 1815, the first nan-nade,atrugturo
over the river Niger. The bridge permitted the linking of
thq.Lagog-Jobba line with tho‘lano-ﬁdro line which had
earlier been completed in 1911.

Subsequently, branch 11;ou were built from Zaria to
Kaura Namoda, Kano t6 Nguru and Iffo to Idogo. The. Bauchi
Light Railway line between Zaria and Jos was opened in 1912
primarily for ;h. shipment of tin. Another rail line between
Port Harcourt and Enugu was coﬁplotod in 19816 and later
extended to Jos and Kaduna, thus linking the eastern and
vestern railway lines. The Bauchi Light Railway was closed
t;r economic reasons in 1957, but another rail extension '
tro-‘Jo- to Maliduguri in the north-east Qa- completed in
1964. In 1966, a br;nch Line from the Alesa Eleme 0il

Refinery to Elelenwa on the Port Harcourt-Eanugu line was

coempleted.

-
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The present rallway network consists of 3,505 route
kilometers with a line of 1.067 meter gauge. This network
connects the major ports of Lagos and Port Harcourt with the
ma jor urban centera in the country.”  The maximum permissible
speed is only 64 kilometers per hou. and the carrying
capacity is barely 800 tonnes per train with a maximum axle
load of 13.5 tonnes.

“ The rallvaj made possible the davolopﬁent of the .
northern parts of Nigeyia for agnlculturil .;borte.
Unfortunately, there Has been a continued dccllne-in the
performance of the railway and, since 1960; th; deficit in
its operafing account has been increasing. This decline can
be attributed pgrtly to increased competition from road
transport and par*ly to deterioration of the r;il;ay'a
transport services. It ésn also be partly attributed to a
general decline in those traditional export commodities
which used t; form a significant portion of the troight.
handled by the rail, in paftlculsr, groundnuta.‘

In order to effect a drastic modernization of the
ral}'ay system the -Federal government pianl to gon-truct a
standard 1.535 meter gauge reilway system to r;ﬁlnc. the
. . »
oil.t!ng linee The new line vl}l be built on an entirely new
road-bedy with an alignment that will eliminate existing
steep gradients and sharp curves. The new systém will perai t
average speeds of up to 160 kilometers per hour and is
expec ted to be more reliabtle, safe and .ttlélont. Also, two

new lines from Ashaka to Bauchl cement Factory and froh



28

Oturkpo to Ajaokouta will be constructed during the current

Third National Development Plan periode.

2:3+3 Road Iransport Network

The hiatory ot’road tranaport in Nigeria dates back to
the first decade pt the 20th century, when the existing bugh
pnths;were widened into motorable ro;tes. These routes were
intended to reduce the strain of providing porters for the
colonial officiale and to link nearest centers with ma jor
rallway stations for the evacuation of loca. -'xport
productse. g

In southern Nigeria, the presence of tse—tse-fly was
unfavourable for animals. Therefore, road transport
development jumped from the headloading stage into the

modern vehicle stage without evolving through the stage.ot
animal-drawn carts as in the northern parts '0f the country;
Roads were not widely d;velopod until the advent of motor
vehicles in the 1920's and 1830's, hovovo;. In facty, 1t was
only after World War II that the country came to be served
by an extensive network of roa&;.

The present road system, while far below the standards
ot advaﬁced countries (especially in parts of the rural
aroa-),'lf relatively good compared to systems in other
developing countries. Figure 8 shows that .since 1858 the
total length oi roads in the country as well as the

proportion thaet has asphalt surface has increased gtoadily.

Figure 9 also indicetes a tresendous increase in the number
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NEW VEHICLE REGISTRATIONS

FIGURE 9. NEW REGISTRATIONS OF ROAD VEHICLES IN NIGERIA( 1963 - 1974 ),
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of nov'vohiclo registrations in Nigeria -lnée 18953,
Practically sponglna. all parts of the country are now
linked by some form of ro;d althouah the concentration is
heavier in the south than in the less densely populated
north. More roads have been constructed in the north in
recent years, howeaver. U 4

In_1926, the road system of Nigeria was classified Iinto
three ma jor groups. Under the system, Federal Trunk A roads
linking the Fodor;l capital with regional ceapl tals and other
large towns were to be constructed and wmaintained by the
Federal government. Regional Trunk B roads congecting
provinclial or divisional headquarters with other large towns
were to be maintained by tte Regional or State governments.
Provincial Trun¥ C roads connecting the areas between th,
other road systems were to be maintained by the local
government. Figure 10 shows the longfh of roads maintuinog
by various authorities in the country.

-This system of allocation is not ﬁqultnble because
local govirn-cnts, vhlch are least able to construct and
maintain road; in terms o} fﬁnd- and pofnonnel, hgd—1hc
largest ro-ponaibllity while the Federal government which i-
more affluent had the least responsibility. The Kampsax
Report o; Blghv;y Maintainance (1872) attributed the
generally poor standards of construction and maintfenance of

D N -

most roads to this i-bulanc; of responsibilities in the road

tranaport sub—sector.

In 1975, the Federal government took over a total of
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FIGURE 10 LENGTH OF ROADS MAINTAINED BY VARIOUS AUTHORITIES
IN NIGERIA ( 1959 -1973 )
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vi6,000 kilometers of State roads and added this to the
eximting 15,000 kilomters of Faderal roads. Thus, the J
Federal government became roihonslble for 31.000'kil°meters
of ‘road or one third of the total national road network
(ngure 11)e This has eﬂabled‘the State governments to take
over many feeder ro?ds from the local gdvornmonta and
consequently, under the current dovelopﬁ?nt plan, thea State
government's allocation ;o road development is quite

substantial.,

2:3.4 The Role of Xcanspertation a the Marketing of Export
Commodities |

Table 2 illustrates the Filatlvo importance of »ail,
road and vatofwaya in handling Nigeria's ;xport and import
traffic in 1875/76« Over 92% of import traffic and T85% of
‘qlport frelght 19 all the major seaports was handled by road
transport. Tho.sharq by rail transport is quite low. Figure |
12 lllu-trptés that the share of export commodities in the

railway goods traffic has dropped from a peak of 53 pbrcont

in 1968}69 to ;S'porcont 1n‘1973/74- Unfortunately, there is

"no bireakdawn of the figures by commodity.

Although inland waterways play a minor role as feeder

1,
. ) v C:\;
routes to the seaports, thelr traffic is heavier for exports

- ‘ .
than for ilmports. The quantity of eXport commodities handled

by the Cantral Water Transportation Company (C¥CT) shows a

v
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TABLE 2. ROAD. RAIL ANO™LIGHIER TRAFFIC THEKOUGH THE MAJOR
SEAPQRIS IN 1875/76 (In 1.000 Ionnas)

22 -2 3 3 -+ 2 P+ 20 2 P 3 P 2 2 F B+ 3 B PP

IMPORT EXPORT IMPORT EXPUORT IMPOKT EXPORT

-+ 43+ 2 3+ 3 ¥ + ¢+ + 3 ¥+ 3 T T T+ T 2+ T 1T Rttt ittt -+t 3+
LAGOS 3,025 247 209 10 26 *
i)
‘" PORT HARCOURT 1,016 67 96 41 * *
-+ ¢ 3+ 3+ 22+ 323+ R 4 R 32 2 3 2Rt 2 bt 3t 52t 13+ 52
o. o : )
CALABAR 53 26 * * 9 *
—X\ BN ‘VA:"
" * koxo 151 * * * * *
L 3+ ¢+ -+ + -4 ¢ 3 3+ ¢+ > 5+ 2 3 2+ 2+ 2+t 3+ 3+ 3 > L+ S S+ >+ S >+ + %5
WARRI 360 ‘s * * 11 135
TOTAL - 4,605 445 . 305 - -S51 46 135§
. 4
A . ~, .
% TOTAL . 92.9 75.5 6.2 'Bel 2.8 21.0
Ne B. * Indicates Negligible. .

x/goﬁiéo': Nigerian Ports Authority (NPA) 21st Annual Report

-

for the Year_ending 3ist Barch, 1976.

L] N : .
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‘fluctuating trend. Table 3 shows that palm kernels and
¢ iseed are the most important export commodi ties handled

by the company. In 1975/76, there was no transportation by
the company because the tugs were non-operational.

It ie not surprising that with the marked increase in
the development of roads and the simultaneous operational

and organisational difficulties being experienced by the

"rallway and inland waterway systems, the long-~distance

freight transport pattern in Nigeria is dominated by road
transport, Figure 13 shows the development of this trend at

the port of Lagos.

Hay (1968, 1971) studied the economic structure of road

.

transport industry in Nigeria. He attributed the greater

a

advantage of the road transport industry in the country to

the organizational ability rather than areal flexibili ty

usually attributed to ro;L-. This advantage enables the

&) : .
induatry %o plck up profitable traffic from the reilway, to
vary rates according to seasonal fluctuations in demand and

to keep in close contact with the traders who constitute the

greatest part of the demand. .

There are numetrous c.rrlof organizations that provid-r

regular services tro-:Lagos and other seaports to all parias

\"t the countrye. They operate g.lnly 10-tonne and 25-tonne

énpcclty trucks which carry freight directly, without
fe-loading from the shipping. depot to the consignee. Speed,

door—to—door delivery and greater flexipility are the ma jor
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COMMODITY 1971/72 1972/73 1973/74 1974/75 1976/77
PALM KERNELS 3,461 10, 396 2,046 5.043Y 4,104
SAW TIMBER - ox 900 * * *
CHEMICALS * 514 . 926 870 »

R T T S S L S S N S L L L T N T ST N L S N R NN ST EEo oo =
PIPES * 52 * 1,200 *
TUBINGS * * 43 * *

’ ¢
====—==== ES SN S o EESS T o RSSO T ESEES TSSO IST ST SSSSSSS
LOGS ' % * * 1,194 *

-3 5t PPt Pt p B S T e s TS s
GROUNDNUTS * * 69538 * *
BENISEED % * 1,490 3,385 1,711
====;===:===$==== BRI R e S
TOTAL 3.‘;1 11,862 11,043 11,699 5,815

b+t 3+ 3+t + ¢t 3 ¥t +2-£ 3+ttt ¢+ -+ -ttt 1+ -+ 3+ + ¢t -+t + ¢t 2+ 3t + 3+ %
A g
Ne Be * Indicates Negligible. : :

Source : Statistics Section, C, ¥We¢ Cs Tey Onitsha, Nigeria.
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PERCENTAGES

FIGURE 13 PERCENTAGE DISTRIBUTION OF TOTAL TONNAGES HANDLED BY

ROAD AND RAIL AT LAGOS ( APAPA ) QUAYS ( 1965 - 1976 )
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advantages of road transport. These may be reduced
considerably in future, due to heavy growth in freight
traffic andrshbnequodxly congested roads and serious losses
through acfldont?. Therefore, the complex teask of
programming the storage and regular movo-en? of export ]
commodities from upcountry to the ports requires close
cooperation between road, railway and inland waterway

.

transportation systems.

mmmnmnms:mnmum
244.1 Historical Development of the Marketing Bearda

Buying ahd -arkofing of export commodities in Nigeria
is done by Government lérk.ting Boards. The ontﬁbllah-eht of
those’boarqa orlglnatod from the World War II arrangements
forGSho ;arkotlng of the VWest African prinaéy progucc in the
Unlt;d Kingdome After the cessation of hostilities four
Nigerlan Commodi ty Marketing Bpavd- for cocoa, o0il palm
produce, groundnut and cotton, emerged. The Nléerian Cocoa
Marketing Board was formed in 19?7, while the ofher-‘were
formed in 1948.

The ma jor principles adopted for the post war marketing
of export commodities were set éut in the Colonial Office
'hlto_?npor and were subsequently adopted in the Nigorlgn

Cocoa Marketing Board Ordinance (No. 33 of 1847). The Board

was established in order,



»re

"To secure the most favourable arrangement for the
purchase, grading, export and marketing of Nigerian
cocoay; and to assist in the development by all

possible means of the cocoa industry of Nigeria for

the benefit and prosperity of producers." 1

WYhen the Marketing Boards for the other commodi ties were

eutnbllnh;x they were given similar responsipilities. They’
were expec ted to -tabiklzo producer prices, organize
marketing, shipment and overseas sales of these commodities.

In addition to encouraging economic Hevelopment, they were.
I

expected to help in approprlato‘way- to finance and promote
research for increasing production and improving the quality

of the cropse. .

\ »
With the Nigerian constitutional revisions in 1954

- L .
which involved the devolution of considerable powers to the

14

regional governments, there came a reorganisation of the

marketing board structure. Instead of Bolng organlz‘d on a

‘nation-vldo commodity basis, they were oraanlso& on a

regional cro.i-co--odlfy bel;-. This meant thatvccéh
Roaional iarkotlna Board handled all the roliv;nt exportable
surplus in its region of Jur;-dlctlon while the ngorlan
Produc; Marketing Company h.ndl.d‘ovor-oa- -arkotlné ot the
export commodities. Thoiopno cro-’—co-odity structure was

continued undeir the subsequent administrative state -y-to--;

' The performance of the Marketing ?oard- in Nigeria has -

hoon‘-ovcrly critlclnod..Loc.l proco.-JZ. complained that

dinance (Noe. 33) of

SN

! The Nigerian COcoi larkotln. Board
1947. Section (16).
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the Nigerian Produce Marketing Company sold commodities to
them at the world market price whereas they could buy at a
cheaper price directly from the farmers. The cross-commodity

structure did not encourage specialization aloﬂ; commodi ty

1ines. In 1971, the Nigerlan Institute of Social and

Economic Research organized a conference to discuss the
Marketing Board system in Nigeria. Froa the procoodlags 6L
the contbfonco, it was n#tod'thet altﬁough the Boards
performed their -uJ‘otlna functions .ttlcl;ntly. fﬁoy
neglected the interest of locAl é;oducpr-. Several
modifications that would ongblo the system to operate to the
advantggo of the country's economy were ;;connondod.'

Subsequently, the Marketing Board System was 6§v1.o¢ in

April 1977 by the promulgation of th. Commodity Boards

Decree No. 29 by the Federal MNilitary Government.

In accordance with the provisions of the decree, seven

ACo-nodity Marketing Qoard- were established, the detaile of

which are dhoyn in Table 4, The new systen permits domestic
industries to purchase oxport’co-odltlea'ﬁlroctly from the
farmers. This policy was aimed at -ﬁcbllng tho'tafkors who
produce th.o commodities to earn -uxl-?- income on thov
portion of thoir produét- fhut enter the d§-o-t1c market, It
)

was also aimed at oncouraalnc loc;l processing.

Each Conﬁodlty Bo.rd is cxpoctod to secure the most’
tavourcblo ntrﬁngo.ont. for the pnrch.-o of the relevant

commodities in any part of the countryo It ils sl.o

responsible for f?o sale of these coi.o%#tlo-

. | \

\

-



IABLE 4. EXPORT COMMODITY BOARDS IN NIGERIA BX 1871
COMMODITY BOARD COMMODITIES HANDLED HEADQUARTERS
Bt T T T T T T T T T e T T TP PP P L P
Nléorian Cocoa Board Cocoa, Coffee qnd Tea Ibndaq
szdzz=s=szzs=z=z=z==zszzzzssoossoss-sssssszsss=sa=s=ss==S=ss=====
Nigerlian Groundnut Groundnuts, Soyabeans,
Board . Ginger, Beniseed and ?ano
FSho‘nuta o
==============================ﬁf====== ———— s=s==s==s==x=z=====
Nigerian Cotton Cotton Seed ,Cotton .
Board ’ . Lint, and Kenaf k Fun tua

- — —— A S — S T D W T —— S T T S W A A S o T S T v e D S T T S e Sy e SR ey ST ST T aEOS SS i ey W T Ve T M T ww o ww awe =

Nigerian Palm . Puli Oily Palm Kernel

Produce Board and Cogr‘ ".‘ Calabar

cessmscsssimssssszmzasm==scsssississssssmssmsssssssss=sssmos

Nigo;isn~nuhhor bonrd"guhbor Benin

===============.-;=====..=;—.========== e

Nigerian Gtal; ' Guinea Corny, Millet,Rice

Bg:rd ' Maize, Wheat and Beans Minna

======:========;===========é=;;=:=======;==========g;==:====
A\Nlﬁ.r;an Tuber and Lic.j and Cassava

Roﬁt Crops Board. ﬂ N . Makurdi

.
Source : Commodity Boards Decree, Supplement to the Official
Gazette, No. 18, Vol. 64, 21;; Aprilt, 1977.
- . . . k2

st



t0 meet domestic requirement and arranging ior the
evacuqtlon of any gurplus intended for export. Thus, the
services of the Nigerian Produce larkotfng Company Limited

became redundant and it was therefore dissolved by the
A
decree.

~
»

Since the production and processing of egricul tural
v . .

export commodities in Nigeria are '1doly dispersed -
throughoutcﬁge country,; their evacuation to the por;s takes
place in several stages. This oxplaiﬁs why ;t is necessary
to make use of the licenced buying ;gents to collect the

co;-odltlo- from the dispersed producers, and bulk the

collections into bigger lots which are then sent to the
\

ports or to designated vhr’houaoa of the Marketing Boards.
Thus, a pyramidal gtructure for the marketing of export
commodities in ng;riu hes developed (Figure.14). 4

At the apex of the pyru-idal structure was the Nigerian
?roduco Marketing anpany ( NPMC) which linked Regional/State
Marketing Boards with the European a;d later A-e‘icnn
markets. With the ooiahlluhuont of the Commodi ty Boards in

L4 s

April 1977, the NPMC was dissolved and oaéhrCo-odlty Board

took over both its functloﬁ. of export marketing and also

the functions of the former State Co-odféy Boards for c”"fﬂﬂd
-pocltié:;b--odltlo-. The position of the licenced buying
agents and the local produce collectors in the pyramidal

structure remain unchanged.
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Nigerian Produce Marketing Compony |
N.P.M.C.

'/ Regional/State
Marketing Boards

D
Licensed Buying Agents

‘Local Produce Cgllecton

FIGURE 14 THE PYRAMIDAL STRUCTURE OF THE MARKETING.

SYSTEM FOR EXPORT COMMODITIES IN-NIGERIA

“
W
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The swall scale producers take their produce to the
‘nearest gazetted grading station where the staff of ;he
Produce Inspectlon Divieion of the Ministry of Agriculture
and Natural Regources ln-poct and grade the produce

according to the quality doalrcd for export. Afteér thls, the

licenced buy;gg ,. - fhe graded produce from th::>

- . ey
* farmers at the obrp§ 

4
I

buying ullo.;aawif

their servicesi Tﬁfi“gwfisince'lhahot to enable them to make

a -nali profit attcr.paylng éo,-lsc;on to their sub-buyers,
sllce it is abaQ{E}n*y‘lnpoaalhlo for the aggnta t; visit
each statlo? every day for direct purchases.

When the small sc;lo producers are unable to take their
bulky connodltlas to the gradinc atatlons due to lgadcqunto
means of trcn-port, bad roads or other reasons, thg'local
produce collectors usually oqployod«by the Llconc.d-bﬁylng~

ngnfu visit the produétion unitse, vlllaaci-arkets or
hnu-anéd-'in”tho-vlllcaoi to make purchu-c-.‘Thln is known

-

as 'bush collection' and the Boards pay the licenced buying

agent u‘-tlputatod Buying Allovadq.klnrorder‘to cover his

expenses. The bush col lection stage makesm it possible to.

evacuate produce that would otherwise have been iastcd. It

usually involves saall qudntltlollnnd relatively short

, T \
distances and is not considered in this study.
- . T ; N . '
The pro-dnt study is concerned with the transport

differential rate of the CO-Q ty Bo.rﬂ. uhlch applies to

v

the movement tro- th. grcdlug a*ttl.o- to the pottc and

=& -
1 “
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" involves larger quantities of the commodities and longer
distances. This is usually done by the licensed buying
agents wh& are paid a tixed rate per tonne/kilometer for the

. .
»quantltf of commodity transported.

wwwumwmg

The prices paid t& tho,p;oduccrs or farmer's of theme
commoditiesn ;ro related to the world market prices and to
th; previéps year'g tradlnq results. Thoy‘aro usually
announced at the beginning of each marketing season. This
producer price and the>bhy1n¢ allowvance are determined at
) tge nationél level by a Comni&tee 61 the Price Fixing
Authorit;- The s.ttl&? of the trnhsport allowance, however,
.is the responsibility of the Commodity Boardse. R ‘

. There is the general impression tha!‘th.ro is & common
t,ndency to overstate the transport allowance and thus
provide opportunltiesltorﬁlndttlcionclo- in the sysfem- The
licenced buying agents receive the stipulated road tranaport

allowance regardless of the method actually employed for

shipping the commodities. It is possible thaet they may be

&

\

spending less than the approved ailp!E?éo.
'lo;t of the licensed buying 5¢§qt- are almo salew
agents for -any,co--;rclal vohlclo. sold in Nigerla, and
thise glgo- them a upoclal lnc.ntivv*to cncourcgc road
tr.n.port- The buying agents Qtt.n own trading companies

that hcualo ‘a wldo variety oi’iuportod goods and dl-tributa

them throughout the countrym thl- providoc their 1orr£.-

\,
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(Y
wlth return louda from the smseaports. This type of sl tuation

Hives rime to contlicting interests that may result in

¢inetticlont utilization of the transportation systeme.

. 22424 Relavance of ithe Ressarch
/ . e o
Early studies of transportation in Nigeria such as

Robinson et al (1961) and Economic Assoclates of London

;
~—

(1867) dld not pay enough attention to the problems of

oi&cuatlng the ma jor export crops of Nigeria. A later study
by Kriesel (1968) considered groundnut evacuetion, but only

in a general -urkd%ina context. The first specific reference

R

to tranéport optimization iﬂ Nigeria was in a ropdrt by
NEDBCO (1870), The NEDECO study did not congider the

Marketing Boards as the unit of analysis but was concerned

+
~

with overall economic planning. Osayimwese (1971.1973)-
applied Iineur proaru-nlng 40 the study of the

transportation of groundnuts in Nigeria. The -1nlnu- cost of

sh{gpipz groundnuts from a given region to each major port

.

by ro and railway was computed in order ‘to obtain the

3

opktimgl shipping pattern, which was then compared with fthe

. ctual tratfic throuah tho ports. He va-‘conc.rned’vlth'tho
capaclty of the porta to handle the groundnut trafflcn Igo
(1975) appllcd tho transportation model ot linear

" \?,y—/r'—k\

¢ progrannlna to optim

tho_patgorn of- distribution of

co-cnt in Nigeria.

Th‘eo has not yqt bcon any study ot fho pr.sont pctf.rn(‘
\1

- ot tran!portlug export commodities 'itbln the country vlth a8

[ R

-
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>
-+

view to assessing the ovor.![ efficliency of ihlp-o;t-. The
present p.ftcrn of shipwments 1ndlga10- that the Commodity

, ﬁonrd- do not assume tﬁf responeibility for determining and &
ontorclna‘tho’;.o of te’ most economical means of
transporting these commodities by the tlcon;ed buying
agents. Yet, 'the competitiveness of Nigeria's export’
éo-uodltlo- abroad depends lar.oly on the degree to which

-

inland shipping costs 'y can be reduced.

~

. #
Nigerip's transportation objec tives were spelled out

tor,tho flr;t'tl-o in 1965 in e Government VWhite Paper. The
: o )
Paper ;pc.tod that the country must on-uro that her

-"trcn-port s.rvlc.- are fast, doponduﬂto and
up-to-date as well as economical. These objectives - T e

casy be achieved onli if each agericy 9! transport

f 1 opcaato. in the most efficlent way und lt all ere
. By ->

y;-cqrogdln.t.d '1th o.ch other 1n the most ottcctlwo~

‘. . \
. "o =

-Joetlvo-'sro'-tlll valid, this policy

lfgpt been revised since 1965;10 order to
* .+ 4 o
:7j -uny chnd.o- that have tqkon place. This 1is

¢ -wl!Pln tfcn-portutlon under- the rhird Nstional’

‘~J!"D> . -

’p_-'o""n’t Plan, - - te T
-. » . s

Tho .ovorn-ont hs- made -tato-ont- vhicq plvo

o
L]

kidErosslon- ot*cdﬂcorﬁ -at ao clo.r ovldonco oxista to provo

K
“,.,... ) . . S . . . @
Rt .
,.,. v

.qiz
% ‘Pederal Repuntic of Nigeris, Statsmant o Zn.u.sx e
-‘j{:g.-.n.gx; 8.’.!00.1 Paper We. 1, Printing Dlvislom, Podrott
'f.llaintry ‘ot !t!oth.tlon' Lagos, 965. ﬁﬁ .
j . « L o e

© . . \ . - PN
P .

. ) o o . . .
.« . oo N -V
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th;t tir- measures have been taken beyond declaration of
. -

intentions. Thorouln therefore, an pyrgent need to
investigate fho con-o?uonco- of improper and unrogulatod use
of transport facilities inyghe country. in.thlc study, tse
present pattern of shipping cocou‘und paln k.rnql- are )
invegstigated in ordorﬂto identity the inefficiencies in the

.
shlpping pattern. The To-??rch aims at obtaining s
qg:n%ltatlvo l-pr;--lon of what the excess or insufficient
doi;nd for these co--odltléi at the ports are costing the
Commodity Boards in termd of inland -hlpplng costse. jhe

optimal pattern may indicate those areaese which are best

located for producing these commodities if the only factor

taken into consideration is the shipping bill of the Boarq,~'

In order to reduce th,-o“ghlpplnn billse, thor§ shled be a
firm co..lt-ogz to the least c;-tly -q?o- of trcnapor: and
to the opt;-il alfocsélon qt.trattl; to the existing routes.
Th; study identities these ﬁpt;inllr;ute-{bt shipment when .
liﬁk égp;cltlo; are not taken into con.tdn;atlon.

In the 1on¢ rin, 1if a more rational .llqcntlon can bo;

*cchiovod. the -tv1n¢.°ro.ultln¢ fro- the more ot!lclonﬁ.u..

1"' Fc*f

Wity €
s,fQEQSFﬂ!rport thcllltlc- '111 mean higher producor allowance

v w iy T

e

iiG'fag-orq,.Iargor -urpluno' for d.volop.ont prqﬁtn-- and
prﬁylngplntrcttructuro such as road notugfk- in

6qﬁ‘ueln¢ .ron.. All tho-o will help to pro-oto ~economic®

_ dovelopgont.~vﬁ

. Y.t
- » S

v

‘no data o1 actusl shipments to fhévﬁort- qfalni} which the
i B . ~

e

- 4
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The majon limitation of the research is that there ngpg-ﬁ
. N 2 . ) ' . . - l'

¥

L/j~



optimal patterns obtained from the study can be compared.
The Co--odlty_ Boards could not provide any reliable data on

the actual shipments from the grading stations to the portse.

Another limitation is thct' since only cocoa and pals kernels

"" .';/vhlch are grown oaly ln.th.“loutm:‘n part of Nigeria are

4 considered, tm,r;"ult};':qadr recommendatiomp do not apply to
- : . .'ﬂ: . [ . - f ‘

the whole iotl'muntry-' qﬁvovcr, 1t provides an insight into the
TR AP [

. bDesic issues,joavelved. ' .
i ¢ ’ T N ” .

T - . e,

'Y

P



3. Chapter Three LITERATURE REVIEVY

22l 4
Intraductiaon £

. ‘ . .- 1
‘t‘- chapter presents a ey of the literature on thg‘} .t

i

'Trcn.portnt#oﬁ Problem' as an introduction to the formal

model that was used in this study. The Tr;n-;ortatlon

Proplo- ie one of the most important linear programming

problems for two maln reasons. First, 1t is not simply a

single probles but ropro.‘dt- a class of problems covering a
variety of appllcatlén-. It 1; of special r;lovanco.to
geographers who often oiploy the model for the minimizetion :i»
of th, .d%og;o oft;éQL of space. In uddltlon, it has been

studied for a longer period than any other class of linear

programming problems.. For these reasons, the 11 terature on

. the téanlportatlon problem 1is vast, varied, and sometimes

coﬁtu.lna. i o , j‘,a

This chapter presents a discussion of the obJoctgy§*
. . . S A
tunctlon:‘tho c--oclctcd constraints and a nu- r.ot

+

solution clgorlth-- tor -olvln¢ the Trcn.portntion Problem.

t

In the dl-cuoolon. a distinction is made between linear pad
e : .
non-linear transportation models. Generelly, the static or

dotor-inl.tlé:goﬁuulatlon of the Transportation Problem

which may involve optimization for n_-lniﬁi time period is
linear. Qn the choffh.nq. the Stochastic Ttnn.pqrtatlon

Problo- in vhlch at least ono of\tho pcrc-otor- 1- e random

Pl -

variable and opflllzgtlon is for sovur;l tl-o periods, is
¥

non-llnouii ig -gch problo--. tho pr.-ont period’'s solution

-®

>

-,-.. : 82.



depends crucially on the inventory at the end ol the
provlou.\pcrlod. However, since this study is concerned wth
developing short-run models for 1876/77, stochastic or

dynamic problems are not discussed. Linearity or

non-l!nonrity are therefore discussed only with regard to’

-

~ -~

whether the objective function is linear or not. .~
L ]

8f Linsar Progcamming VR L
. Vi,
22241 Ibe Linsar Iransnocrtation Probles of Linsaxr %, \
&;‘:' X r'\ .
Brogramming 4 P .

3222101 Ihe Classaical Icansportation Problea

Tho Classical Transportation Problo- (CTP) was first
formulated and solved hy Hi tchcock (1841) -nd-lu.;r by
Eoopmans :1949)- Borgg ('1862) however iundicated f""lonco.
a French mathematician, had actually tormulated the d
trgh-poft;tlou,prob1-412ﬁ1781- The Transportation Problem
V‘lnvol;o- ¥;d distributioa of a houo‘cnooq. commodity fros
several spatially separated sources to -ovpr;}'dogand points
lﬁ such ‘xvai’t- to minjmize total -hipplné éé-ti. In thq |

simple ior.ulntlon of the Trhulport.tlon Problo-, 1% 1.

..-u-od that ovory'hourcp ‘i® connoctod to -vory do-tlnutlon
and that dlroct .blp-ont- from any -Jkrec-ﬁo any dostlnntlon

eo to..lbl. and’ .oro oeononlcnl thsn chlp-ontl thaouch

e

othor -qurco. oikdo-tlnstlon-.
Tho Trta"ortatlon Problen roqulro- a d,-.ad cnrv.

uvhﬁch,{d’ﬁqytocfty inelastics The total demand at J (DJ) asd
¢ y . - -

- o ° '_ . . P . . B

~- . . -

.r ' ~ . ’»' - . . . ' .
. - . . _ © e :
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the supply at 1 (Si) are given. These avallabilities and
s .
requirements are fixed since total input is equal to total

output ( 81 =3 Dj)e The cost of transporting any a-ou;lt ot
the commodity is assumed to be dlr;ctiy proportlonni t0” the
amount of the commodity transported. |

The linear prograsming model provides the optimal
pattern of shipments which may tq$ﬁr@ ggfnpar.d with thi
actual pnttorh in order to asses the ett;cloncy of the
oxlétlng pattern. The relationship between the optimal
pattern of shipments obtained from the model and the
existing p;ttorn may have important theoretical and
practical implications. For example, knowledge of the
optimal pattern may indicate ways of reducing shipping costs
in the pr;-onia-y-t‘-. Also, in trying to ox;laln why actual
glov- dltt.rltro-'thc optimal flew pattern, the -ggpl nay
lndlc;t; where factors other than -hlpplh; costs determine .
the existing pcftprhioi riov-. :

I

mmmmm.

N&Llnally, tho tr-n.portction problo- determines tho-o

T

-%
-hl.p-“tcg. !‘.J, vhlch minimize shipping costs while on-urlng
})-

&

that tnn -*yly c.ﬁ.ﬁt?lo- of orlalm (81,181,...,-) are not .

exceededrind ghat ¢ u;hu on demands (DJ 1J=1seeeyn) are

. : “L
Qoto ﬁﬁ‘ntl’cally. tb} ?.n-port&,tlon problo- -Lnlnlzo-
~ b \‘ .
the obJoetlvo tunetloa. \H“ ~;¥i: .
‘ . ) el w Q" ' P '
. {:‘ P n - S X )
a -~:mvz=£ 2 :ru xu - . (1)
1=1 J=1 . . ¥ O _
e . ‘
~ .‘\ . s -
© ' . il ©
T S e \ | . -

\

9

¢
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Subject to the constraints, : . B

| 3

L X1J £ 81 (i1=14e0eem) (2)

J=1 .

=

X X1J2DJ (J=1seecen) (3)
1=1 .

Xig 20 for all &, J ' (4)

Yhere, ’
) Xij is the amount of flow on link 14
Tij is the unit tro(ght rate of shipping on link ij

-

m is the number of sources
n is the number of destinations

The ohJoctlvo tunctlon (1), minimizes the total
frcn-port.tlon co-tl, constraint (2) ensures that the flow
leaving source i to all dost}.nwtlon. is less than or equal.

to the supply at i, ;zgn.frslnt (3) &t the total flow

- %

ontorlnc do-thutlon J tro. ull -ourc%- is at 1.llf as ¢Qﬁt,
".- tho NQulro-ont- at J. and coutuint (4) 18 -the ‘tmd.rd

non-nogntlvlty con.tx".lnt of llnoar proannntu. It can be

A -

intorprotod c. lnalcctlna that Nno negative -hl.p-ont- .ro

c.ltovod in tho ‘system, T

" To ‘V.f!:ll.‘tt proct.-nlac roqoureo .ltocation

problo-. thcu m;-.w- - lliou‘ mcunlu valuation
‘

: Iproblc- -hlch 1’ cclhd#ﬂu vd\nl. l‘ho -.lnl.-u- ul\u ot the -

prllol prohto- is 01531 lé‘tho -:1.»- v.luo ot tho dunl
'rproblo-- rho fuanction ot thc ¢un1 l. to -.xt-lzo tho volao 4'

ot product. ‘at the pnoductn. tc.loa- .ad .t-o to -xl.lzu,}
: | | ) -
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the lncd-o received for the \product- at the market or deman®
polnt-. The optimum values of the dual are obtained when the
pattern of shipments is optl&l with ro-poct to the .inl.u-
-aggregate l_hippl.n. coste Thul;_ it provides & measure for
o.tlnutiinc v;ho rqzlntlv. differences in ‘w,.lco- of goods at

. PO
their sources and at the desand points among different

production points and demand points.

The dual of the tranlportatlon' broblo- is formulated as

tollo? | | ' ”'

n S . ‘
MAX Z = Y vjDj - ¥ uisi ' % (6)
J=17€ i=1 ! . * '
R St
- . e
Subject to the constraints, e -

: (1=1'oooo'-) .
vy —ul £ TLJ§ . ‘ (6) ~
' : (J"lypooo’ﬂ)

4
And, v ) ’ : . :
vje ul 2.0 for all {1, J «?7) N
, These dual variables can‘b.o defined in the following
way, - . T “ “ R ' - D

- ud =;‘l‘h¢¢-hidw‘ price por"i.anlt on the ﬁrodnctlod e.pcclty
!1 -
for the co--odlty at the proclucina orlsln i (l*l,u d’.‘-)o

u

Thll 1-putod !.o.b. pr_lco lncle.h. tho -aralnul uluo to

tho uotuuon ot an, cddltlon.l unlt o eap;clty .t oricln [ 99

‘ .

v.) = 1‘ q;dov pricq ot Q’nt pdr unl‘t ~on” the demand for the

: co-odlty nt do-t!.utln or con-\-lu roqon J.( J=1, ....n).

'rh!.l 1-put-d dclivom c.l.!o pﬂ.co ;lndlcrto- tho. -arclnol

 coat to th. -olntlcn o! en .ddlttoa.l nnlf of qp-nnd at

*

..

dn-txn.tzan J.vff'

e
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Judge & Vallace (1858) demonstrated that the values of
the shadow price at the origin ui (i=1,seeym) and the shadow

ﬁrlco at tﬁo destination vj ( j=14e0e9n), measure the

compara tive advantage of surplus regions and demand regions,

respectively, The ‘dual variable ui results from the spatial

[ . ¥
.competition among vatrious suppliers of the commodity while
IV\ )

vJ 18 attributed to the demand points competing for the

limited supplies of the commodity.

»

- Tﬁo.o.gdo;ivprlpo- provided by the dual cani;l compared
with the ideal or assumed price structure Jjust as bptlnyl
-hlp-;nt- q.tvoon origins and destinations can be é@-pqrod
with real ;gipndntl. Since no profit above transportation

¢ost is allowed, 4he imputed value of the dual variables are

¢

" those that will leadito the optiml solution 1t ‘the

prlhclp}olvof perfect éo-potltlon hold. Thus, the optimal
pattern of shipments and ite dual price system tog;“
provldo a complete d.-crlption of portoct co-potltiro
oqutllbr!u-.' ’ A ~-

Tho_con.tr‘i%ﬁ on the dﬁal -f;to. that the value of the
differential botv;bn"thi shadow priéo of one unit of a

Aoo-odlty at tho,do.ilnc;lcn and the -hcdoi prlcolbt one .

* .

‘unit of tho -.-o commodi ty -f tho orlgin c;nnot exceed tho

trun-port co-t- involved in --klna the -hlp-onf-. Stevens

:(1960) pro-ontod an Lntorprotatlon ot tho dunl'vurlchlo. as

ﬂ

 _10¢;¢10§ rents on 3 unlt ot c.pcclty at 1 (ui), and as

‘Aducl choctivo tuaefloa'tt”b' coulll%ant '1th a goal pt
v '1,;5' S o C e e .f . .\\



e

' transportation of the units of the commodi ty supplied by

profit -uxl-lzatién of purely competitive traders and
constraint (6) to be éon.l.tont with the definitlion of
tocation rent. g |

The -trucfuro ot rents depends on‘th. existence of zero
rent in one supply region, and if there is complete
interconnection there n‘rd be only one -qch location. The
furthest ;upply region supplying the consumers at J earns
this zero rent. Closer supply rcgioqu earn differential
location rents exactly equal to the amounts saved on

them as opposed to the units supplied by this furthest

iupply.rogion. Also, when a reglon's capacity jis fully

-’utlllzod, the region has a rent which is greater than zero,

1f the reglonal capacity is not fully utilized the region

ralvo- zero rente.

Therefore, the rolovanf charac teristics of the dual can

be sumsarized as Tollows,
- -

1« The best supply regions or firms earn zero rent_ such
that 'h;n vy - ul = Tijy, Xid > O and also when vy - ul >

Tij, X4§ = 0 ‘ C

2. Capacities fully utilized earn pé.ltivo royalties while
"? N . ’ . . . : -

those that have some unutilized e-gpcltlo-'oarn zero

- royaltlol. -uch that, when ui > 0, Ki-= X1J and also

v

when . ui ( 0, X1 >. XIJ' vhorc ki is the’cepacity at 1.

‘Bovont‘t (1961) and Abouchar (1967) J;-on-tr.foﬁ how

A»

tuo lnforrclctlon-hlp. between tho dual vurlnbloc ot the

-

Qrcn-port.tlon problo..@sn bo used am a key to locatlonnl
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" planning. For example, in order to discourage the supply of

L

a product from e certain region, the dlttorontlcy.ront that
the iuppllor msust pay for having a loéntloﬁal advantage with
respect to existing patterns of dq-.nd -houIJ be increased.
s1-11‘r1y, a reduction in the level of demand at a consuming
‘region can be obt.lnod by incr;aling the -urcﬁarac éc.ponont
of the product in that region to the advantsao of other

con.u-lna r.gion-- Ghosh (1965) applied the Transportation
- . n ~
Model to thé Indian cement industry and used the solution to

the dual problem to illustrate how inter-regional flows ofy

0

bco-ont in India could’ho regulated. Hollndlcatod that 1f the

primal problem has restrictions on productive capacity or

any type of capacity, the #olution to the‘dual problem will

consi gt of '-qyglncl v.luat;on.' on these cuéacltlo-. These

. ~
N - .

-arglnsl valuations apply dnly in short-run 1nvoit-ont

) - -

x

docl.lon- and are not nppllcabl. in the longﬁrun bo?au-e

largo amounts of cupucltﬂynsy be nvallablo. .

& ‘ — ‘ . ', -
3;24145 Eapirical Annlinsxslnn af the ladal
Th. prlnnl .olutlon yloldl tho opti-al or most

ottlciont pattern of -hlp-ont- hotvoon orlgln- and

'a.ptin‘tzon-. This -1n1-u- cgﬁt nolutlon is Qt!iclont 'in the

'turthor nh£ '.at. trom any oriuln to cn‘.po-flnatioa not

LY

sense that the proscrihcd set of demands .cannot boys;tiutlod

at a lower total cbit. ‘Similarly, fho'.y.to-'ot dquilibrlu-
o . . . [ ]
pricdg. obtaii ro- tho dusl provld&. s nituaflon ln which

E

.lncludod in the oquillbrlp- -ltu‘tlon oann.{ipo'.ndo at \ :

.
- - - .
: h

- ¥

.
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profit, . . )

S
W,
. .

The relevant ampects ' of the results or, output from a
solution to the transportatiqn model can be be summarized as

follows:
. : N . —
1. Total Cost ( L T X1J Ti4).

2. Shipment Pattern or the Xi,J's that appear in the optimal

solution. These are the minlmum comt flows of the

. coh-odlfy among reglons.
Je Thoj{rrclnal Values ul and vj. These are tho shadow

prico. at the orlgln and the d.ntinntion-. rq-poctlvoly.

re

The dlgtoroncc between them (v} — ui) is the optl-a1<:

rogionalhprlc_:s dlrtorontlu.l in terms of freight rates.

-

If the uill's ana vi's are unlquoly doternlnod, thcn the

ui's indigate the saving or co-t of -hittlng oat\unlt of
Nﬂ' !’
p?oductlonys-ong tho g'n whbile the vj's indicaré the
o 'S . ’

iat}ag or cost of -gittlna_ono unit of .deman

o
e

among the

vigs v N . LN

o . . . LN

4. Equilibrius ﬁ}lcoi.>fﬁbpg are the prices of the

- . . .

\

 commodity consumption for surpluses or deficits for all '

,

regions. In order to 1166 equilibrium prices, ui + Tijg <

Vi) if 1 shipe to J, end vj - Tij < ul, 12 dastination J

[N

. receives from i, Thcco'ccn'bo c.lculuf.d'lt the actual-

-
prlco. at hoth the orlginu unn do-tinatlon- are._

.vallabl.. _ : ". _ L ' .

-

hny ocoponic prohl.o-. can ho plucod ﬁthln the general

‘s .

tor-ut of tho trsu-poetaflon’problo-_c! llnonr proarannlng.

: bl g
This toehnlquo can bo utfiizod ‘for thq,ngulyiln of a pt:nt
" . ; . -v‘. R

.
?5 T L . L
+ W . . - et P -
% : L . o . S ‘
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.
or firm, an industry, a national economy, and even the world
economy. The orlatnal formulation of the trun-portntion
>problon by Bltchcoék,can be extended to consider other types

»

of co-¥- apart irou freight rates. This connldorutioé
\-nable; the ob.jective tunctlo; to include production cost,
Aproco.clng cout; storage c?at! as well asms troight,ratos.vlt
thesge cpntu are dlroétly proportional to the quantities
produced, processed, and stored the extension of the \

T~ Cla-sléal Iransportation Prob}om is stﬁfluhttor;qrd. In'-uch (i?
a formulation, the qo-ts that aro.uslociatid with each A ~

origin or destination can be 1ncoréoratoq in the

transportation cost in the -odol,

In the United States, applications of the

3

transportation nod.l to ciplrical i ssues include tho studlo-

-~

of Fox (1953) on tho pattorn of 1lvo-tock feed econony,
:Judgo € Wallace (1958) on the spatial oqull%ﬂ?lu- price of

beef; Goldman (1958) on the optimal geographic distripution
- of the steel industry; Henderson (1858) and Silberberg

_(1864) of the shipment of coali Kotch § Snodgrass (1859) wf,.

. - . N - .

‘e the location of tometo processing industry; and Morrill &

.ih @!‘f‘i.” (19‘60) of the lnf.i“-’.“lon.i pattern of trade in

s

*) wheat and tlour. Ia Britatn, Lend (1057) applied the model

 4i‘to the .hlp-oni of coal and Ghosh (1966) upplicd the @

. 4 T
'tran-portatlon ‘model to tb. Iudlun c.ncnt ind ﬂ;;:\ g *
o Thgro are also = nu-bor of onzlrlccl cppllcutio s of
- the xr.n-portation -odol la the Soviof Unton. Xon (1966)
. .
T A

‘ e o:ployod the nodol in’ hl " study of th’ nuncltlun sugar boot
o ' ' Q. . - SR '?fw"



f;y—w?-bttdbcchlovad 1t the léna-run problem of locating new

‘should algo be investigated.

%

[
-

industry while Abouchaz (1967) applied it to the pre-war
- .
Soviet cement industry. Abouchar's results indicated that a

norQ/ratlon;l cllocutlon_lq the cement industry could have

_capacity did not emphasize production costs to he poglocf

of total deliveraed coﬁt-. Other applications of tho'nodol in

the Soviet Union inc lude that ot Andor-on (1967) to todder

and llivestpck produgtion in the Ukralnvt -nd of Bsrr (1970)

%40 the location and flow pattern of the Sbvlct ‘ P

wood-processing industry.

~

" Most of thesse studies were chliefly concerned with N

“

< ¥ FUPR ' o
d*‘-lnlng oquillbrlu- prices that were conslltpnt with the

y 3 .
pattern of troicht rates hitvoon r-glonu and thus, ih

obtalnlng the most ottlclont pattern of shlpnonts. Barr G
[~
Smillie (1972) howcv.r, ‘sugge ated tgat in problons vhoro the

apntial contlguratlon of flow pattovna is important, the

-~ . ?

qltornatlvo optln&l aolutlon- and good sub-optimal .olutlona
o
j ' /

‘The - standard transportation probi%- can be extended in

4

several ways. For example, 1t may be oxpdndod to include

n.ny co--odltla. cﬂd dlttoront trnn-port nodo.. It.-ay also

2]

be -oditiod to con-ldor tho tituatlon in which the routo-

. N Vs ,
are .uBJoctod tO'ccpacltzllliltatlonio _— ///54
‘ : . ‘ ) . ‘a

-
.
e
.
]

e
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-

= L AT ._ . ,'
. ’ G N o

»:mwwm

“conlldoratlon. If kx denotes co-odléy« where ktl'.....h thou&i .

‘wij Iulilcéihodltt tr.a-port.t!on Prodlem is obtained when

;fﬁb ch is oxpcndod to take more th.n ono commodity into

-1
4\.,obJoctlvo function 1s as follows, i
g - . a n L
NINZ = T ¥ ¥ Tijk Xijk oo - (8) '
TR £ | Jct k=1 . : S T T .
. SRS ) o N . ?U . ¢
'boro, B RS ,
v  :‘_:x1Jk 16" the- unogut of flow ot co--odlty Kk
o on Libk 1 ~ v ' -
) .. TEJx is the ualt tro&;ht rnto of -hlpplnc o .
: eo-odlty k on link iJ . - . ‘
is the' number of sources a
n 1s the nudber:of destinatiens . .. )

« Th Qc’tp. nu-bor'bt-eo-odltlnp

:
.
Y -

;sdhdoet'to the comastraints, ° ' '

- - ‘v."

LY - - -

. : " ’ (181'00009-, )
}: xuxssu'; , o - (9)
Jeﬁi o ' Lo . (‘kgloooﬂoo'h) ’

- .
.



Y

X

allowed.

The dual is as follows,

oxtondod ¢to altuctlon- ln vhich -q-b routo- are uthoctod to

c.puclfy t’;ltctlon- by l.pop@!saan uppor Ilugﬁ on the °

’

amount qt‘tlow thut is permitted :iuuc Qucb linke Thl- -y

|3
which they cun acco-odato. duc to tho tyt. cnd qd"ity of

_tu,eua, 1««“ ucnuuu ‘and l.oc.t thlty o

-

mtuoum. In such a za-uhuou. the total no- ‘ot the =

co-odlty on ‘each 110& tro- ooch orld!u 4 !181,....,-) to
,-!

| ‘o.ch d.ltlaot!.n J (J'l,ooo’gﬂ) is. boundod by a po.itlvo

/
4-,.

vatun 01Jt vhlch f o tho cag.cify pt tink 14 for th.

-4

tmmtctlo& ot co.-«uty k. ‘I‘M uuclty eon-tulnt is as.

. . T
Ea}

uum. e

o ‘. h n h m o
MAX Z# vJkDjk - uikS1k - : (12)
, k=1 j=1 ’ k=1 i=1 !
- ‘'Ford & Fulkermon (1968); Tomlin (1966) end Cro:SEr ot
al (1970) dl.cp...d -uttl—co--od{ty transportation’ blems.
O%¥8Sullivan (1971) applied the transportation problem to the
movement .of oloion categories ot'co-odlfy by road in Great-
: ¢ : . e ) ' :
Britain in 1864. In this study, the two export commodities, -
cocoa anq}pslilkornoln uro,coﬁlldognd 5op¢rajoly. ¥
' o ‘ ~ {
a Q ‘
Y
& Thc -uk‘;-co--odlty tran-portatlon problo. énn bo

: bc rotovont thon rout.c crc tl&ltcd ln totnl !iov ot tacttlc"“

hd
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| § cnp.clty were @’kon into considerstion, thon
utugstod unugcq‘vould constitute bottlcnockm to the ~*

¢lon of the¥ transportation network.
v ‘

lnca’hn-od. utlﬂr
. ) -.pﬁltl-—cA

’

3

lt '!yqrc are -po!ltlc seta of dound- and -uppllqs for each
- AR L)

y flows over a notvqu can be simplified
’ > ~ -

co--od‘y n such prodblems, lt l-, not .pproprluto to lu-p

.

tho-o comm tlo- togothor even 1& th' unit co-t- ot

tran.porting the co--.dl.tio- &o tho WQ It humboon 3.

e d . "?. .
” : lllutruioq tho‘{lvo con%dltl.cu bclna éch%oﬁgl fn tg,t. b

N X
; R ,
-tudy ﬁuoly? cocoa and ailn kornol 8, esn ho so‘tfﬂ'q h-
. “"4& ; :
‘ -‘po,rsto problo-- vho% Lm p.pac’i s -are not g,cn.idnod.
. ',;.'o [ [
v Y.‘". ’ - i v . ) . “y ﬁ.“

BRI S . : . S .
} . ‘ ‘ ) : o . R x."

e N ST . - v . _ L .
= Wm W SRR

.

. ‘;' 5 ’

L T ,v

14

;ovhod“‘&h-eon- t&-n' tlu -ultl { ‘-""';" .chu'actcr ot fho , ot
3 ) '
-lglo—eo-odlty mhlc- can bo 1n¢orpon§oa by ?o additlpu ]

L.

of q@hird -ub.crlpt,‘ so ﬂut tho obac.qtlve tnmﬂ.on is as

‘!' . ) . . . °

: ltolln_v-,. ..
’ MINZ = T ) (14)
Ihot-o, - o M e o :

.- -114’ 1. ‘nQngt ”@;f""b’“‘“’ . .
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* D ‘ot ’ ' e '
. w ¢ 7 - ' L
subacriyts as in equations (9 ~ 12), .ﬁd'no nln'_o summed
- u ) ’ ° . | . N
over each mode.- ' . ‘ ‘ . <
. T T ‘ . , .
Villiams & Haley X1968) preSented a-wcpoclallzod
- P - "»\.) ’)v *
algorithm for tho tran-portut fon problo- involving "p' gl .

e 2

. . '

transport modes where (p >~'bl | Thoy .pgllcd %ho -ultl-— mode

dodol to the mining lndu-try, Monug Dent (1866) _11.&, it

e ' \"‘34

‘to thi trnn-portdthhw'.t wool 1n ‘Au-tu‘lla. Borgo G
\ohoullg—naml (1965);:.0::-tr-t9d O %
. mpde 1s nv.llablo tbr “Whlpn:.n. . £ ) i toﬁ'J. it 1- a
) . po--.lblo ta, -ubgltuto nviinqlo mode. and th'\n to‘obtufna f‘ y *{{f\

. -inplo;otntnia; to 'tho o:-lgi.nal -ul“--odo pvoblop. Thgo‘k ' -
ﬁtu‘!v«l"by ll‘tl%lﬂ‘ -Zhat tho"hwo- are - %8 015 -@ g .
dttnp;nt 'routo-‘u Joln’ﬁ tvo pélnt- 1n the -u'q dlroct.l.ou . ‘
so thctj :‘f:nglo Li;outoﬁc.n ‘be -m;pt:ltutod. l!uliy; ( 1963) .o

re than one

L

x L
dhon-tl'htod th‘ use of a ‘:o-put onal al or.lth. b.-.d on @"

-

Ly tbo -antox -qthoc 2or .ohruu -ul.t.l-’ fun.gorut ’

,6) appiiod the nultl---odp trumrtatgon

-odol to tlb m‘lnl dl-tﬂbutlon oi wool 1n Augnu.a. ' - ‘\J

- ‘!bo -ultl--odc trnn-portntlon problo- boco-o- ovon non "

_‘cG-ptlc‘tM ‘mben cnmlty ro-tﬂcﬁ.m- ‘are. l..pooml and . , e .‘

~3

. : _'.:-Qvornl co-«u*tl.l u'o bfln. conoldoudo In such -, ' @ .

. g-ltu;tlm. ‘some cemmodities mey bo Mttu -uud to: o oL

gs o “ c' ! a

“naoculs .odoa Mld thn gc(.l bt thp optlulntloa moodm l-

.fc uttcdt boﬂn .hlmnth nnd -oﬂo ha ‘n optxnl m.‘ S }
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C .

. _‘." ! .
%@ -ultl-d&-ou.innal transportation problems. Haley (1962.

e

1963) aucudoa ‘multi-index or

. v A

" and \dqtc*ptod that 1t is @ore

r

‘-‘portatfon girblo-.

plent to think o2’ such

groblo-l t. .‘block in whieh” the tuyorl fgrm ro-trlctod

trqupoct.tlon problq.-.,clovor ot al (1874) and Langley et

: l . , v
\ ol-(lG?d)'pEo-oqtod methods of finding equivalent - o
L,,qé ! ‘
;y " frcnlﬁbrtttlon nroblo- foraulations for c.pqclt.tnd.. R
n-*-ﬂh‘-* al Sy SR R T

Lree

7 . In Y uh‘nr trqamm“ﬂou prohmhthd' otr.l&:tlvo L
; . :g, i . * ) . -"‘




' FIGURE 15. GRAPHICAL REPRESENTATION OF NON. LINEAR CONVEX
1 - AND CONCAVE TRANSPORTATION PROBLEMS,
‘ . ra :
: k v * AT
’ — :. \‘) -
. W L i )
| o e .
; A g ’ .
' z
: g i :
‘.* NS . ) c’- ”’& “ *
. . g "’b.?.’-.— - . ” .
..‘ : g l: o . ' - .’ ‘
N ot ., e SRR

g~ = - . LA o
VSHIPMENTS X4 (IN METRIC TONNES)

- ¢

" (0 YCONYEX TRANSPORTATION PROBLEM

E-° &




- ? , . . .
4 . o . .
obJoctlvo tunctlon. Veintraub (1974) .prc.ontod a primal

al.orlth- for, -olvlng notvork flow problt-- vlth convox

- oy

‘co.t'l. Atthouh non l.l.ugr convex cost tuaetlon- are

no

I‘ - .
ébucolv.blo theoreti a.lly. thoy -oldo- occur in prucﬂ.com 4

. although ‘th.y may crl.o ‘in -tpch.-tlc,mogr;—lnc probleas.
Concave tr-n-portation cost !uncﬂ.on-.'l.a c}‘y-ua nr‘ “
. v »

-on uk.ly to occur 1n prcctlco. Cpndqvlty 1n tho obJoctlvo o
v . | 4 ‘ 2

'tunct!on -ay bo duo to .n lavontory pﬁ*oblo-. Por ox.-pl,.. L

titere -ay be .*IM!‘. in hbldl* lu-go .ivua!t. ot" .

.‘v'\ - ot

La«ontory. .ln vhlch 9... thd,,‘h-ount o! lnvcn*tory vwrl.b-

L8

r .
Approxlutoly u- tht-dmro ~root ot -hlp-ont- aolng through

»

RS Y 'nrohmuo. Qh\uunt ;
-Q,' '14‘ < !'., 4'“*_' Y 7. L . A,
Lo aconﬁl't.lon-. avovplo copt 1&11- ” ?.nt jpcrct-go c- S

.

o phois in Pl.uu!w 18(;'5@ Szvnre (1 ﬂoutl:u.d thll as & o .

-~ N o .?, —w»-A

D

pqrndo - 'pteh n-i.o- vhon n. ‘rrmportaﬂon !'robtou .d-it- to

:

a tovc mt-opttn'l co.t .olutlon bu -M.ppl.nz 1ur¢or

-

f ¢m£t1 &n- ot .ooct over provunul: dotanlnu .- *
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.‘ ° :)rdon (,1956) bxn’ndod the ‘l‘;u::p:t-tut ion ;rablin to

.
inclyde tbo possibility of ?an?l#ﬂn‘ﬂ“rou* or.lcln. nnd

stln&’on-. This Qpprotch i- .mwoprtato whon ﬁ.. rou'to

“

rom 1 to Jg'vtu ..1n lntbr-c&’ihto nplnff 1, ﬁ- lp--?‘eo..’ty
: §

;vouto ov-n tbouuh 'tho t?mh!‘p‘om! r‘utm L
M . @ Y o porey ! i

*»3 ‘ ogtcllﬁ - lon.hr gf. hl@-l .dlttpnc.- Tho !ntomd’tato w, v

thnn a dl. rq§

5‘ N

4
y%sn-. c.i‘tﬁ*ﬁ‘a‘“’ﬂ*ﬂ‘.F’ 1':- oxuiﬂ.'. -ﬂu-n.o’ B !
1.-. An 1*‘fttﬁf’b¢;“n ¢op z\trmlﬂp-.nt l- thq't n

9

t e

roct l.hm- bgtvoqg loéu:uvoaa ’. o‘gg-.n, not 'vm.m}., 1',, ’

o

Tt

.which case 1ho tr.ﬁﬂdwt éonto l.- lutl.nltoly chonpor than o

> . t

tho direct roui.o rn;- -q-a- thi!ig tae.taon -.y both N

u,‘ .

PO

roc.lvo nnd ‘hip vquou- uiaunii of the noﬁod.lty{‘pnd s
- L v "9{ Cow : . »«n-ve.

Cwefi - .

o ..-.ht?-;nt- wcnn bo qn.do b.twun any. pclr ot lﬁéutl.on. 10 ang»

R "N "‘ . e &-'-w
. ‘%‘ dircct{ono Tho&'.;tero. tlro cls.-!.cat ‘!‘ran-porhtiou Prohlo-.

»




Ly
¢

tacnihlp-cnt. rbouc ltackp&Jo- drdp.out ut the final

v qolnflon, cppoarlnz t- lhip.ant- ftrom- q"nt. tﬁé?ho--‘l

e .

.t*zcao cost. e .

Inutﬁb ulttiito c--o,,'hoti ovoéy }oint is a

»

¢ trunohiptont polnt, the * n-hﬂ‘ponf problem assumes a

“4 -tructudb llnll.r o tﬂﬁ;ﬁ;an-vortutlon prohto-. The

.
-

obJoctivo tunctlon is as tollov- s .
LY

. N N : P
MINZ ‘= 3 ¥ TiJj xiJ4 . ’ . o - ¢18)
’ " .' R ‘:1 J:I. . » ) ». T : o ‘ L

S
. > .
Yhere M = = + n

.

conpon.atln. uddlfl"\ %o the -tockpllo are equivalent to
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0of m external sources, n external destination and g

_ihtor-odlnto polnti'vhléh";;y‘-orvo 'Y th‘ﬂ-hlpidht Eoni.r.-

Garvin (1960) do-on-tr.tod that pure t .n-htpaont centers

*

whilch are neither origins nor d.ltln tJon- may be

‘accomodated in the original model By trostlng them as

ori1fine or d¥stinaticas with no supply .or demand capacity of
their own. - o - ;_“l : o
~ ' '

. &

“

qn;s;z Bnnl:isnl Agplications of the Ixsnnh&nnnns Prohlam
C The tr.n.hlp-ont zor-ulnt?ﬁn is plrtlcul&rly uootul for
‘, .
‘rokying -ultl--cdo tr.n.portctlon problon: bocau-o lt- o

Y o PR
~; grtuiwork 1. bo-t ouitod for taking the co-pnratfie

LI ot
. aﬁvcaf.g,- ot the dlttoront -odo- of, tran-portntl n into
"qon-Ldortflpa. In such tor-ulatlon-. some types ot'co--odity

iuy be b&itdé .uttcd ta certain -odc-'thnn‘othOrl and the

»

%
¢on1 of tﬁo -odol is tcxnolocf both -hlpnont. .nd -od-- 1n

cn optlnal 'ny- nalcy (1867) lllu-fﬂitgd fhk- advputngo vhon

3 e (
bo .xpsnd.d tho peoblo- to deal wlth en-op 1n vhicb MmOTe
<&

_than on. -¢d¢ ot tctnapqrt.tlon (ro‘d and rcltvly. 1or .

1\oxn-ptol olet-. Tr.u-hlp-ont 1- uccanplithod by .--unlng .

[ s ~-

‘_:'th-t ..ch noﬁr hl- -.pnicto lo.dinclunlosdlnq b;y. tor road &
!‘ . .

'Lv;od.aatlvgg'trsunport. !ithln tht- trcuouurk. trlﬁlhiplont
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'ou-trqtad that thim oqulvnlonc, can bo extended to
.!‘ S

pﬂdblo-- with flxid co-t-. Quandt (19860) prc.ontod .9
‘qixt.nnion o! the capucltutod tran-portation problpn which
coatidor-d trnn.h&pnqnt thiough -ovoral cities. Tyrchnciwioz
& Tomterud (197SJ nppllod the traﬁbh%pncnt -odo} to grain
ilolloc}lnaj hqndllng nnd di-trlﬁution'in the Boii.i%iun .
rc.lon of Cunadq. Srlnlvc-un (1974) dovolopod.n trunphlp-ont

»

QOrnulctlon of cash nnn.gonont problo-., vhich~allow- the

pon.lbillty ot tr-u.torln; cn-h-botvoon -ourco'.,Ladd & -

.

thtcrth (1975i cpptt.d a nultl-porlou tran-hlp-ont .Od.kgfb"

-hlpplng grnln 1n tho nog

Jgo, Ibwa. lurklund
'lbn.ntsflon ot thc

»—‘b » .

------

(1875) .u--srltod the de

-f%:n.hip-ont tor-ulatfon

* .
a -n1t1+eo-todlty ndtvork havlnn -ll11a3~ln~trtn-1t ttutu&o-

. _5,»
as h-od by a. majpr. American tood proqp;%or. nsalnnd (1977)

.ppliod 3 trgn-hlp-ont -odol to grnln -blphont in.a

hypothctlc.l nltustiou ot poat-nuclour\uttsck. .

s nadlcy (1962) do-m-trntcd fhl‘tﬁt"i‘kt nocg.mr& 'to

o

calculuto co-t ot .hlpplnn bctvoon oaph orlcln und .sch
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'

9. Problem can bhe reduced Ltévti_:; Transpentation Problem using : '
v, L. ’ . - » ,4‘;, . “ ~ .
. the Shortest Path algorithme. This apgroach has been applied (\

ru

. 1in thie; study. .

shﬁa.l Ganeral Backargund o i L e
Strlngcr e Kuloy (1957) and Sn!.d.r (1959) dltgcu--od the v

[ -
r»A.. ..

use ot analoguo hothodttor -olvlna‘ St;:.b"’ o m‘ohlo-..
1¢ (

. - v &t L .
lﬁﬁi" d!-cnl-od

vuulo (1956 ). lhdloy (1962) cnd Duntz

. l.!.-.ltod in . scops cnd ‘can oply bo Appli.d to nul'l. clzod
o ‘.:.;; g
problu- ao ttg'y are. not -d:l-cu-ud‘ turth.r.
’ o ww et

Gcnorally, a. lineer’ prograulna broble- i- A--J.a to

. tlnd non-n.gpﬂ.vo vuluo- for th. vulub‘loc u:a-. giv@n et of ' "I~

: . l‘inonr ln‘qual;flos pr oqut&?ﬁu‘ oxpro--od ln tho.o 5“ ’ .

.. ~ R . A
vuﬂnﬁl“. Tho‘o vn.lu.. -u.t n'ﬂlty tho c gnn-tra:lnt- 0

£,

sndeuln nxhlzo or'linldzu some linesr £ ‘.ttoa ot tha, S
. A

vtrlgblo.o ‘l‘ho oqud‘uon v,pich oxpr...o thll‘ linon,r t\mctlon LT
i 5 |-

ls call?d thc. o“bJoetl.v& tqnct,lon. . RO "; e R
. K ) ‘ ;. ST et o “R . . ) '..‘.. .
Pﬁ;' nla“gpmrmlun pl'ob\r” :_" !h:lgh lnvblvo &ﬂvy tto RSN




and uny'ioauiblo iolution which maximbzes of minimizes the

L] : . . ’ ) . \

.understanding of -61utlon-‘%o tinesar progran:lna.pfoblq-s.

P

It is not possible to solve problems with higher '
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of conmtraint equations)s Thims unique property of baalc
solution in linear programming problems has enabled s Ome
rational optimizing procedureas for solving hese problems to

be developed. 1t ham also proved very useful in developing

i terative procedurem for molving linear programming

problema. Themse [terative tochnlhuon llie between the

extremen of examining sll basic molutions and of obtaining
an explicit expression for the optimal solut.on directly. In
fact, there is no algoritha for obtaining an optimal
solution to a linear programming problem Iin which the
numerical values of the variables are computed directly.

The most commonly umsed techniques for aolvlng'llnonr
programming problems are am follows:

1. The Primal simplox Method In which the initial feasible
solution im based on the primal problem and therefore
yields an optimal solution to the primal problem.

2. The Dual Method in which the dual solution of the
original problem 18 treated as the starting solution.

3. The Primal-Dual Me thod which solves restricted primal
and dual problems in order to obtain the optimal
solution to the entire problem. \

4. The Network Solution Approach.

All these techniques need a starting solution which can be

obtained in various 'ays-diponding on the nature of the

problem.
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Jals2 The Iransportation Problam

J254241 Ihe Starting Seolutlon Ln' the Iransportation
Problen

The starting eolution in a transportation problem ia a
baric feasible molutlion in vﬁich m*tn-1 varliables or Xi j's
are pomsltive. A well chomsen Initial feasible molution can
considerably reduce the total number of iterations required :
to reqach an optimal ;olutlon. Since there is8 no obvious
starting solution for the problem, the following methode are
used for obtaining an appropriate starting solutior
1. Ship Most At Least Coast (SMALC) Rule. This simple

approximation method for solving the transgportation

S

problem is bamed on the fact that the transportation
problem always has a feasible solution and therefore an
optimal feasible solution. The me thod consists of
finding which route involves the lowest cost and
8hipping as much as possible along this route. Then,
shipping as much as posaible along the second-lowest
cost rowte, and 8o on, until all supplies have been
satisflede Since this method Is based on an intulitive
notion, it may not always yleld an optimal solution. It
is8 also tedious to apply to large no{vorks.

2. The 'north west' corner rule discussed by Larnes (1961),
Dantzig (1963) and Hillier & Lieberman (1967). It starts
from the first cell o the northwest corner and

‘sntlstloa either an origin or a destination requirement.

It then moves to the next cell and satisfies either a

L,
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rnecond origin or a second demtination requirement. It
continues In thims 'ay, satiafying at each step either an
origin or a deatination roqulro,ont until mtn-1 positive
Xij's are obtalned. However, the hasic feasible solv:i..
obtained from the northwest corner rule may be fa ferom
optimal since costs are not taken into considerat on.
Thim coneistes of ~ther methods for obtaining an Ilnitial
feasible solutiorn ehich take costs into consideration.
Thege methods ammsign a positive value to one varlable
and at the same time satisfy el ther a row or a column
constralnt or a combination of both, at each step. Thus,
thes* technigques cannot yield more than mtn—-1 posi tive
variat s because after m+tn—1 steps, atn-1 constraints
are metlafied . and the remaining conestraint is

autwma tlc Lly satisfled. Since they take costs into
conslcarnfion,_the; yield basic feasible solutions which
are clorer to the optimal solution. They include Vogel's
Approximation Method presented by Rienfeld & Vogel
(1958) and Charnes (1861); Minimum Entry MNethod

dis ussed by Kuhn § Baumol (1862); The éol;nn Minimum
Rule presented by Hadley (1962); Matrix Minimum Rule
presented by Dantzig (1963); and Matrix Minimum Rule by
Ranking discussed by Lee (1968). More recent methods of
obtaining inltial feasible solution that take costs into
conslderation include the Row Minimum Rule discussed by
Hadley (1962), and proved by Srinivasan & Thompson

(1973) to perform better than most other rules; Two
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Smalleset in a Row Rule and Row—Column Minimum Rule
discusmsed by Srinivasan & Thompmson (1973); MNModified Row
Minimum Rule presented by Srinivasan & Thompson (1873)
and by Glove:. Karney, Klingman & Napiler (1974).

After the initial basic feasible smsolution has been
determined, the appropriate systematlc procedure is used for
adjusting this solution until the optimal eolution is
obtaineds. The method employed In moving systematically from
one extreme point to another in order to.obtain the optimal
solution depends to a large extent on the me thod of
obtaining the starting solution. Some pro?%:ms may bhe bhetter
sui ted to a particular starting solution ;han another. For
example, Gavish, Schweltzer & Schlifer (1977) disecussed
three recent improvements and modificetions to the Modified
Minimum Rule. They compared the use of the Chain ERule,
Minimal Weight Tree Rule and the Crisge Crocss Rule for
obtaining basic feasible solutions which would winimize the
number of zero pivots and found that the Chain Rule
performed better than all the others. The computer program
LPTRNSy, employed Iin this study obtainse the initial basig

teasible solution by employing the 'north-west' corner rule.

2102222 The Primal Simplex Method

The Simplex Method, developed by Dantzig (1958), is one
of the most commonly used iterative.techniques for solving
linear p}ogrannlng problems. He illustrated that since the

Transportation Problem can be cast into the standard linear
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programming form (l.e. AX = B), the Simplex Nethod can be
used for solving such problems. Although the Simplex Method
ia a technique for obtaining the optimal values for
variables related Iin a system of linear inequalities, 1t 1is
more convenient to work with equations than with
inequalities. Therefore, additional variables called slack

A
variables, are urually introduced in order to convert tne
inequalities into equations and to obhtain a eystem of
simultaneous linear equations.

The Simplex Method proceeds Iin systematlic steps from an

Initial baslic feasible solution, through other baslic

~ '

feamsible solutions, to an optimal basic feasible solution.

-
In this method, provided degeneracy never occurs, it is
possible to reach an optimal solution in a finite number of
steps by changing a single vector in the basic solution, one
at a time. The vector with the largest positive differential
value is introduced in the baslc solution while another
vector lé removed., These steps are taken in such a way that

4

the value of the objective function at each step or
iteration is better than that at the preceeding stepe. In
fact, the method is equivalent to moving systematically from
one basic feasible solution or an extreme point to another
until an optimal extreme point is reached. The optimal
solution is obtained when no further improvement is
possible.

Nost of the computer programs that are available for

solving the Transportation Problem are based on the primal
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probleme. Klingman, Napier & Stutz (1974) published a
Transportation Problem generator (NETGEN) which operates
within the primal framewvork. Glover, Karney £ Kllngman
(1973) developed the primal Simplex Code PNET while Glover,
Klingman & Stutz (1974) developed a famter Simplex code

PNET-1 for capaci tated Transportation Problems.

34542403 Ihe Dual Simplex Mathod

In the dual Simplex Method, the b.sic feasible dual
solution to the orlginal problem ia treated as the mstarting
solutione Then, as in the primal Simplex Method, the dual
method proceeds In systematic steps from this inlitial basic
feasible solution or an extreme point {o other extreme
points until the optimal molution is obtained. In the dual
Simplex Method, the criteria for inserting and removing a

3
vector are those for the dual rather than the primal

’proble-. The procedure e-;loyed in moving from one step to
<ho next step gives an optimal molution at a point where the
corresponding primal solution is both feasible and optimal.

This -‘thod is very useful in problems where additional
artificial vectors are needed in order to apply the Primal

.

Simplex Methods. Lemke (1954) ; Glover (1972) and Glover and
Napier (1872) illustrated the dual method of solving llne@r
transportation probleme. Glovor.‘i;rney &€ Klingman (1972)

developed a code (HOT-DAM) which determines a dual feasible

startlngljslutlon for a capacitated Transportation Problem.
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2200224 Ihe Primal-Dual Method

The Primal-Dual Method solves reestricted primal and

‘e

dual problems in order to obtain the optimal solution to the
entire problem. It begins with a solution to the dual
problem and obtains vectors that should be included iIn the
primal basie in the next step fron this problem. When all
the vectors satisfy the optimality criterion in the primal
basis, a new dual solution is formed and the same process
continues until an optimal solution is obtained. Each time a
new solution to the dual is found, there is a decrease in
the dual ob jective function sc that when e feasible solution
to the primal is found, it is also optimal.

Dantzig, Ford &€ Fulkerson (1862) applied the
primal—-dual -ot;od to a capaci tated transportation problem.
Ford & Fulkerson (1962) developed an algorithm for network
flows which employe a primal-dual feasible starting

solution. Bulihskl € Gomory (1964) solved the Transportation

Problea by employing the primal-dual method.

2252245 The Network Method of Solvying the Iranmpertation
Problem

The network msolution to the Transportation Problem can
be described as the problem of finding waximal flows in
connected networks containing several sources and sinks. It
starts off at one source and branches along links of
posi tive capacity from that source towards a sink. The link

capac]l ties are then adjusted and the same operation repeated
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for the new networks The samé€ procedure is'repoated for all
the mources In order to obtain the optimal solution. Thus,
it is a general method for solving problems sequentially or
dynamic programming. The procedures employed by the method
ensures that, regardless of the shipments which have been
made in the preceeding stages, that combination of shipments
which yield the optimal pattern for the system is chosene.

Bellman (1958) originally fllustrated the application
of this princple of optimal to the Transportation
Problem. Further adaptatloand modl fications of this
earlier work include the presentations by Berge (18§62); Ford
&€ Fulkerson (1863); Williams (1964); ‘?te (1966): Beale

(1968); Nilder (1969); and Chandrasekaram & Fao (1977).

2202246 Relative Efficiency of the Yarious Formulations

Over the past few years, there has been much
controversy ag to which ot theg? approaches namely, Primal,
Dual or Primal-Dual Simplex Method, is more efficlent for
solving the Transportation Problem of linear programming.
While Srinivasan & Thompson ( 1973); Barr, Glover & Klingman
(1974); Glover, Klingman & Stutz (1974); and Jacobsen (1978)
were demonstrating the superlority of the primal Simplex
Method, Hatch (1875) argued that the Primal-Dual method is
superior because it ls le=s smensitive to problem size and
density problems than the primal Simplex Method., The most
efficlent computer programs available use the primal

although thie may be due to a bias in the research effort in
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favour Tf the primale.

It has been illustrated that the cSolco of algorithm is
of minor importance as long as efficient computer program is
employed: The computer implementation In terms of code
design and progreamming technique far outweighs the relgtlve
efficlency of the algorithm or basic me‘hodoloay employed in

formulating the problem.

253 Yarious Methods of Improving on the Efficlency of the

Solution Iechnlgueg
JadeJde]l Modified Simplex Method

In the Simplex Nethod, whenever any vector is removed
and another vector introduced in the basic solution, a large
number of operations (multiplications and divisions) a;e
performed to retlect'those changes before going on to thLe
neit iteration: These operations take a lot of computer time
and may give rise to considerable rounding-off errors. In
large problems, after many iterations, the rounding—off
errors caused by performing' the oberatlons many flmes; can
become quite significant. This llmlts.fhe €ize of the
problems\that can #e solved by the Simplex Methode.

The Modified Simplex Method, discussed by Hadley (1962)
awong others, allows rounding-off errors to be reduced by
performing the operntlone on the inverse of the basis
inatoad of transforming the basis at each iteration. If the

number of { terations to be performed {s large however, it is

quite time consuming to invert the basis matrixe. In fact,
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some special judgement is demanded from the researcher in
order to determine whether {t iIms advisable to invert the

basise or not. -

d25+3.2 Speclal Characteristice of the Irapseportation

Emploved to Improve Efficiency

Due to the sBpecial structure of the coeffiflent matrix
(A) in the Transportatlﬁn Problem, more efficient techniques
than the Simplex Method namely, thé Stepping Stone Technique
and the(U—V Algorlithm, have been developed for solving the

AN

tranepéé*utlon problem. Thie 18 in fact advisable because

the Simplex Method cannot handle practical transportation

problems which are usually very large in size. Even if such
large problems can be dealt with, computer time will be much
larger than is necessary.

The following unigque characteristics of the
Transportation Problem have enablgh efficient techniques
that require fewer computations than the Simplex Method to
be developed for Bolving this class of linear programming
problemse.

1. The coefficient matrix of the transportation problem has
m+tn- rows and m x n columns. This is illustrated by the
general form of the Transportation Tableaue.

2. The rank of the coefficlent matrix (A) is m+n-1,
therefore if one constraint is dropped, the remaining

m+n~1 constraints are 1hdependent. This means that in a

traensportation p@oblcm with m origins and n



destinations, there are mtn—-1 positive shipments In a
basic feasible solutian. if the solution isg not
N

~ o tav ) }
degenerate. . o B A

! . ™S \\
3. The coefficlents of the matrix (A) in the Trans o‘,rf,fidn\h}’
) _Transporth :
{ PP A\l"t" , .

5 .. S

Problem are all 1 or 0 and the problem of finding-the .

S )

terms or the values of the variables gesdcfnted with'
these coefficlents 1s much simpler. Da;tzig ;1963)
considered this property of the Transportation Problenm
as the problem of finding a permutation of ones in a
matrix of zero's and one's.

In addition, the Transportation Problem and other
related assidnment and allocation problems have the
integrality property vh;ch demands that every coefficlent of
the matrix (A) is an integer. Thus 1f supplies and demands
are integers, all basic feasible solutlons, and consequently
the optimal basic solution, have all positive shipments as
integers. This property results from the physical nature of
such problems. Intul tively, this ;huns that it it is
profitable to ship a fraction of any unit to ;ny
destination, then it is profitable to ship as large a
quantity as possibles. Since an integral number of units are
required at each destination, an integral number of u;lts
will be shipped.

—

MMmme

In order to determine whether a glvon‘baaic feasible

solution to a transportation problem is optimal, the
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opportuni ty coet for the cella that are not In the basrim are
calculated. Due to the large nMumber of roaesible solutjionm to
be examined before an optimal solution Is found, a
AaAystematlc procedure is8 used for stepping from one solutﬂ;n

\

;o another. The stepping-stone method iIwm the procedure

.
normally used and it has been discussed by Charnes & Cooper
(1954); Glover (1970); Glover & Klingwan (1970); Glover €
Earney (197}0; Glover, Klingman & Karney (1972) among
others.

The method ims as follows. Starting from cell(il, j), move
around the loop involving (i, j) with the basis cells and
alternatively amsign plus and minus gligns to the costa. It
one or more opportunity cost is greater than zero, thed the
value of the objective .function can be reduced further, In a
winimization problem, the optimal solution is obtained when
all oppor}uniﬁy costs are less than or equal to zero.

Due to the integrality property of the Transportation
Problem, ‘the setepplng-stone algorithm requires only slnple
aritﬁnotlc operations of ac i1i tions and subtractionse. Thig
reduces the time for making complex c¢alculations and also
reduces storage problems when a digital computer is
e;ployed. This netﬁod_nakes it poseible for the problem of
rounding-off errors, which limit the size of the
Transportation P;;ble-a that can be solved by the Simplex
Method, to bhe avoided.

4

Unfortunately, the stepping-stone technique is very

tedious to apply, especlally to largq networks. There are
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also conmiderable ahances of making a numerical miestake when

the technique 18 belng emploved.

24?4&;1 Ihe U-Y Algorithp v

Dantzig (1951) presented a.slupler matﬁod than the
ntopplng-a%ono technique for ovaluatlnq the opportunity cost
of the cells that are not In the basic feasible solution of
the Transportation Problem. This me thod Qmpioya the prices
or the dual variables ui (i = 1,eeem) and v) () = 1,eeen)
associated with each row and each column of the
Transportation Problem Tnbloau.ror obtalnlnn'tho opportunity
costs of cells that are not in the basic molution. Thus, in
a Transportation Problem with m origins and n destinations,
for gny,cell (i,43), the following conditionms wmust be
satisfiede. ,%
1. 21j ~-.Cig 2 ‘{ + vj - Cij§
2. Alsoy 1f Xij 2 0, then ul + vj < €1 je

In a minimization problem, i the value of one or more
opportunity coet is higher than the corr'spoﬁﬁing actual
cost then there {8 a better solution involving lle coaste In
such a case the coli with the greatest differential in cost
is used as a pivot for improving the\fxiatina solution. On

- .

the other hand, if aceual costs are 1o{;r than the
corresponding opportunity costs, then the existing solution
is optimal and no further improvements can be made. ;

Therefore, in the cells that have no shipments in the

optimal solution, profits are leas than actual costs or
] -
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n;gatlvo. For all shipments which are made, profits are
exactly zero. This means that producere will ship only to
destinationas where they can earn at least their differential
comt; and that consumers purchamse Jjust as much as the
surcharge appropriate to their zone. These two opposing
lntoros¥§ bring about the minimum cost solutione.

The U-V Alygorithm involves less calculation than the
stepping-stone t‘éhnlquo, especially for large networks.
Almost all computer programs for solving the Transportation
Problem ume the U-V algorithm for evaluating the ocnportunity

\ .
coaet rather than the stepping stone technique. The computer

program LPTRNSy that was used in tiMe study, employed the

U-V Algor 1'9“.{.

Lo

: .
26 Solution Technlaoues for the Iranshipment Problem
3,641 The Network Method of Solving the Iranshicment

: ‘

,.

In th; T;gnshipmont Problem, it is possible for origins
to Qpﬁp %? their ultimate Hosfinnthne through other sogrées
or dobtfﬁatlons. Althougﬁ this approach increases the size
ot the natri}y the applicafion of the network approach’ to

solving this type of lifidar programming problems has not

~r

only improved dra-natically on the efficiency of eolving
.such probleag but also improved on the size of problems that
bod =

can be solved. In the network representation of such

0

prob’ons, fho basic arcs in the network form a tree. A tree
t
is a'qonnoctod ne twork vlthoﬁt any loop and it usually
s /

= i

o

Uat
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includes all the nodes Iin the network for any feasible
mo lution.

In recent years, several efficlent procedures have heen
developed whlch can carry out:modified steps of the Simplex
Method on the network. Significant computational
ilsprovements have bheen made in developing more efficient
algorithme for the representation of the baslc trees in the
computer. Jacobsen (1966) 1llustrated the use of the Triple
Label Procedure which k‘ops'traco of the basic tree in the
network solution by the ume of three indices, namely,
predecessor, sucessor and brothere. Glover & Klingman (1970);
Glover, Karney & Klingman (1972); Srinivasan £ Thompson
(1973); and Jacobsen (1878) have suggested varjous
modificatione of the Triple Index Labelling Procedure which
are more efficient.

Various attempts have aleo‘been made to improve on the
methods of selecting the varjiahbhles that should enter the
basic solution and finding tre steppihg—etone tours or
cycles. Balineki (1974); Gavish & Scheitzer (1974); Glover,
Kli ngman & Napier (1974); Barr, ?'over & Klingman (1977) and
Gavish, Schweitzer & Schlifer (1977) have invesf!gated how
to improve on the methods of determining the veriable to

F
leave the basic .solution and obtained some efficient
results.

Since real world Transportation Problems are usually
quite sparse in density, any solution which takes density

into consideration has computational advantagcs.vlt reduces

>
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the solution time and also eliminates the need for
auxilliary storage which is often required for large
problems. Sevéral such improvements have been investigated.
These include the Natrix Most Nega tive Rule discussed by
Hadely (1962), Dantzig (1963) and Srinivasan & Thompson
(1973); Lot Negative Rule, Row Most Negati ve Rule, Column
Most Negative Rule and First Encountered Negative Rule
discussed by Denis (1958) and Srinivasan § Thompson (1873);
and Most Negative In Group Rule discussed by Glover, Karney,
Klingman € Napler (1974), Srinivesan & Thompson found that
the Row MNoet Negative Rule performed better than the others.
fhle was also confirmed by Gavish, Schwejitzer & Schlifer
(1977).

In Bpite of these improvements, the network approach to
the Transportation Problem still has some disadvantages. It
is tedious tq apply to large networks. Updating the reduced
costs, the flows in the trees and finding the outgolng arc

often requires very extensive searche. They also demand a lot

of storage space.

°

22622 Ihe Shortest Path Aceroach to the Iranshipment Problem
Thls-study igznot concerned with link capacities

therefore the Shortest P;th approach to the solution of

" Transhipment/ Transportation Problem which is more comple te

and efficient, has been employed. It is based on the - -

fundamental consideration that the problem of finding the

0

»
minimum cost route from a given origin to a given

v
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destination can be considered as a Transhipment Problem.
This consideration enables the intermediate nodes to be
congidered as origins or destinations with availabilities or
requlrements of zero. The solution of this transhipment
problem yilelds the minimum cost of shipping and the path of
minimum cost which is also the Shortest Path.

The formulation of the problem enabled the Transhipment
Froblem to be reduced to a Transportation Problem by means
of the Shortest Path Algorithme This was achleved by
calculating the shortest paths between the origins Of
(iI=1lyeeceem) and the destinations DJj (j=1,eeeen) on the
transhipment network and employing these shortest paths, asg
if they are direct links, in the Transportation Probleme.

This reduced the size of the problem considerably because |t

|
[N

did not involve calcula{ing the paths for the entire matrixe.
Cascade algorithim for calculating Shortest Paths, presented
by Farbey, Land & Murchland (1967) was employed in
calculating these paths.

The Shorteset Paths which were selected in the optimal
solution of the Transportation Problem were then
re~interpreted link-by—-link in order to identify the actual
links over -which shipments we;e made in the optimal model.
The computer program used in tracing these links 1s based on
the;-ethod of tracino the flows along nethrks discussed by
Ford & Fulkerson (1962).

The previous methods outlined were solving the Shortest

Path problem and obtaining the optimal shipping pattern at



the same time. Thie approach reduces the amount of
calculation involved as well as.tho storage space required
because instead of tracing the paths and allocating
ahlpmonts'at the sSame tlme, lt‘only allocates shipments
along previously determined Shortest Pathse This formulation
1s easlier and more efficient for large netwo;ke. Ite major
limitation 18 that it can only be adequately applied when
there 18 no constraint on the capacity of the linkse. The
approach 18 appropriate however, for Investigating the
shipping patterns for export commodities in Nigerlia, since

link capacities are not considered.



4. Chapter Four THE FORMNAL MODEL

4.1 Introduction

This chapter discusses the relevant aspects and
underlying economic assumptions of the form of
Transp;rtatlon Problem employed in this study. This
fornglntlon of the model i8 considered apppropriate to the
minimization of the cost of transporting coc#u and palm
kernels within Nigerla. These commodities are transported
from the centers where they are purchased to the seaports,
by road, water or rail transport. Since more than one mode
of transport is involved, transhipment centers as well as
trﬁnehipuent costs are considered. The model is designed for

studying short run effects (1976/77) and no provision is

made for the expansion of network facilities.

422 General Characteristics of the Model
422.1 Assumptions of the Linear Programming Model
In order to employ a linear programming framework, a
number of sinplitying.assuyptions were madee.
L
1,’ Origins and destlndtlogi were represented by single
towns. )
2. The Coﬁmo@lty Board—ls free to ship export commodities
to any port and by any mo&o it desires. This assumption
ensures thaf the Commodity Board planners cen optimize.

3. Transport costs per ton are constant with respect to

tonnage shippede This guarantees that the cost

- 95



minimiza tion function is linear. Unfortunately, this
assumption makes jt impossible for the advantages of
economies of scale to be t;kon into consideration.
The total demand at J (Dj) and the total supply at i
(S1) are given. This means that avallabilities and
requirements are fixed since total input is equal to
»~
total output.
The Transportation Problewm assumes a perfectly
competitive situation in which a central planning
authority desires to minimize the costs of meeting a
prescribed set of demands. The optimal solptlon of the
minimum cost delivery system and the dual price system
provide a complete description of a perfectly
éo-potltivo equilibrium. This means that the following
condi tions are assumed to be satisgfled:
Qe Products are homogeneouse.
be There are such a large number of buyers and sellers
that no single buyer or seylor can influence prices
significantly.
Co There is8 complete resource mobility.
de There 18 complete knowledge on the part of buyers
and sellers. |
e The price of a given product varies only by the cost
of transportation from the exporting regions to the
importing regions.

These conditions which are demanded by the model are

not always accurate representations of the real vortd,
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al though as close approximations of the actual conditions
they can still provide very useful answers for many
problems.

The results obtalﬁod from solving the Transportation
Problem can be compared with the existing distribution
patterns. The conclusions obtained from this type of
comparison would point out the divergence of the existing
distribution pattern from a highly abstract warket
8l tuation. If there are 1nd1cation; that the structure of
the industry being analysed is not perfectly competi tlve,
the model can be made more realistic by modifying the
relevant assumptions of a perfectly competi tive situation.
In this case, comparisons made between the model solution
and the actual situation would be more meaningful for
determining if resources have been‘efflclently located
within the industrye.

Kotch & Snodgrass (1959) demonstrated the immense
diftlculflos to be expected from modifying the
transportation model to reflect deviations from a perfectly

competitive situation. kMo--e [(1959) illustrated that

applications of the transp«< ion problem to commodity
flows involving nu:erous fir ive been less successful
than applications involving = ngle adminis+-~atione.
?herefore, the situation of perts comretitiorn is usually

assumed, even if it is not reaiis-

%)
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4:2.2 Additiopal Assumptlonse Emploved in the DRevelopment of
ithe Model

The model developed for this study 18 an extended form
of the transhipment model based on the following additional
assumptions.

1. Road and railwey loading/unloading bays as well as road
and river loading/unloading docks at the transhipment
pointe are connected to the actual origins and to the
actual destinations by links in the networke. These links
have transportation costs equivalent to the actual
transhipment costs at the loading/unloading bays. This
formulation enables shipments to start trém and to end
in actual origins and destinations.

2 Origins, deatinations and transhipment points are
treated as two or more nodes, one for each mode.

J. Pure transhipment points are distinguished by having
zero demand or zero supply, otherwise they are treated
in the.sane way as other nodes Iin the systeme.

4. The cost of shlpp‘ng between a node and itself on the
same mode ir zero. The cost of travel between a node and
itself involving a change from one ;ode to another is
lntlﬁ}ty 1f the node 18 not a transhipment point and is
the actual transhipment cost if the node is a

transhipmwent point.
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4,3 The Formal Model Emploved in the Study
423:]1 Choosing ihe Model Emploved

The classical Transportatlon Prcpblem ( Equations 1—7)/’
minimizes the shipping bill while ensuring that all the
supplies of the commodity at the orialns are shipped and
that all destination demands are met. Thg model assumes that
every source'ls connected to every destination and that
direct shlpmentsu;;tvee; all origins and destinat;ons are
feasiblee It can be represented graphically as a network in
which every polht is connected to every other point by a
link of infinite capacity along which shipping costs do not
change regardless of the aamount shLﬁped. It has been g
illustrated however, that.thls’etandqrd~Trunsportation
Problem may be expanded to include many commodi ties,

dl fferent modes and capacity limitations. In this study, the
method of modelling the transportation network takes the
different modes into cbnsideratloy while the assumption of
no Jgpaclty restriction on the links enables the cocoa and
palm kernel shipping problems to be considered as separate
problems.

Different strategies are employed in reflecting
capacity limitations on transportetion network tacllitleg
which are usually characterized by capital expenditures and
recurring operating costs. One approach is to consider
capacity limitation in terms of a given level of service.
’Thls means that 1f\§ransportatlon capacity is a bottleneck,

the average shipping cost will increase at a higher rate

<>
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beyond the maximum capaci ty specified for each route. The
cost of shipping at a specified level of service ir glven
and after this limit more traffic ls still allowed on the
system but at an increased cost resulting in a plece-wise
linear Tranaportation Problem or a non-linear Trangportation

Problem with a convex cost functione.

This approach would involve relating the cost of
producing the transportation services to the usage of the
network facilities and glso implies that all'users of the
network, not only cocoa and,p%l- kernel shippers, must be
consjdered. Secondly, the approach would involve complex
policy decisions on the part of the carriers concerning the
preferences given to shibping variougs commodi ties. For

example, if the freight rate on certain commodities such as

-imported manufactured goods is greater than the frelght rate

[ 4
for export commodities, a profit maximizing shipper>would

giveiéheatar rreference to shipping imported manufac tured

goods. Under such situation, data on the shippers rate of -

éﬁbstltutlon between shipping imported manufactured goods

and shipping export commodities must be obtained in order to
employ this appro;ch adequately. Since these considerations
are extremely difficult tc b¢ Iincorporated into most
practical problems, this approach of taking capacity into
consideration was ;ot taken in this studye.

Another approach to optimal capacity conditions on the
transportation network is to set ag upper bound on the

amount of traffic that can flow along each linke Once this
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limit is reached, no further traftic is allowed. Thie type
of capacity reatriction is8 relevant when routes are limlted
in the amount and/or type of traftic that they can
accomodate due to the quality of the road, loading
facilitles or local authority restrictions. The approach can
be qui te realistically applied to situations in which the
optimal capacity conditions are fixed over one or a set of
planning perlods each of which has a limlted amount of

capl tal expenditure on transportation. It is particularly
relevant to developing countries which are characterized by
extreme shortages of investment capital and capacity
improvements are limited to a set of indivisible entities
such as the addition of an entirely new lane of traffic on
the links.

The capacitated multicommodity Transportation Problem
with itsgs constralint capacity (Equation 13) represents this
approache In such a model, the shipping cost does not depent
on the gquantity shipped and the published freight rates can
be employed. 'Also, 1f capacity were taken into consideration
in this way, the dual variables would indicate the links on
which higher shipping costs are incurred because of ca;acity
reafrlctlone- Since this model enables the saturated
1l;kages that are consitituting bottlenecks to the increased
utilizatlon of the transportation network to be identified,
it would be very useful for transportation network planning.

Although it would have been interesting to take

capacity into consideration in this étudy, data on the
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capacity of the links were not avallaV\e. Fven 1 f such data
were available, problems will still artse when other
commodities, excluding cocoa and palm kernels, that are
shipped along the links are taken into consideration. If {t
is assumed that the shipments of all other commodities are
glven exogenously, the capacity constraint is stated as

follows,

2 h

L Xign < Cijgk - 2 R gk (20)
K=1 k=3

Where,
Ci jk = Capacity of link ij for all commodities

2

2 Xijk = Total quantity of cocoa and palm kernels
k=1 shipped along link i

#

h

) Ri jk = Total quantity of all other commodities,
k=3 excluding cocoa and palm kernels, shipped

along link 1

This model would therefore not only demand data on the
capacity of the link but also data on the total quantity of
all other commodities, excluding cocoa and palm kernels,
shipped along each link. Thus, tge problem is not simply a
question of availability of data but the problem of working
on a sub-system within a bigger system which is applicable
to any economy, whether d@velop.d or note.

Osayimwese (1973) had already noted the problems
involved in fhe specification of lnland'tranaport capaclties
in Nigeria. He mentioned that even the NEDECO Consultahts

shyed away from the task of obtaining data on transport

capacity in the country. In this study, it is assumed that
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A\

‘fhere are no capaclty reatrictions on the llnks, although 1t
may be useful for the railways due to fh{\:nlling BtocKa
Thia is qui{e reallstic because the ralliway and waterway
trangrport networks have excess capacity and yvet are
presently underutillized so that they can conveniently handle
all shipments of cocoa and palm kernetss Alwo, the two
commodities do not accaount for & high percenrtage of freight
movement on the rbads and it can be safely ussu;ud that they
will not cause an excessive demand on the ¢ptimum capacities
of the road network. Therefore, the uncapacitated
Transportation Model with the linear shipping cost functlon

was formulated as n Transhipment Model and amployed in the

studye

403.2 The Formulatien 2f tbe Iranshipment ¥edel

In the Transhipment Model developed, it is posgible for
6}1a1ns to Bship to their ultimate destinations by
transhipping through other sources or destinations. This wag.
achieved by expanding the orliginal Transportation Tableau to
reflect orlgii} that may serve as destinations, destinations
that may serve as orlgins and both oyigins and destinations
that serve as transhipment points. This means that 1In
effect, all the nades'ln the network (N), cun be considered
as transhipment pointa. The nodes in the netvork consists of
the origins (m), the destinations (n) and the transhlpment

points (p) 80 that N = m + n + pe In this torgulation, the

ob jective function {s to winimize,

*
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. N
MIN 2 3. OTig X1y (21)

H
Moz

Where, N = m + n + p

Subject to  the following constraints,

N
! Z leSSl "'Q (lzl'O.lQ'N) (22)

/ J=1

'The total amount of the commodity that leaves a source must
‘be less thean or equal to what it produces plus what it

transhipa., In this formulation, Si ie zero if there i8 no

-

//‘ctual supplye. This means that tte node i1s either purely a
destination or purely a transhipment point with zero supply.
Q s the stockpllo which must be large enough to handle all
transhipments. Usually, it need not be greater than thev

otal quantity that is shipped.

/

N
z Xij > Dy + Q (J=1}.....N) (23)

i=1

The total amount of the commodity that arrives at a

desgtination must be greater than or equal to the demand at

that destination plus what it tranships. In this
formulation, Dj is zero {f there is8 no actual demand. This

v

means that the node is either purely an origin or purely a
transhipment point with zero demand.

Xig 2 0 for all 1, (24)

N »

N m——

. This constraint indicates that no negative shipments are

allowed.
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The dual assumes a structure similar to that of the
original formulation of the Transhipment Problem. It has the
following objective function,

. ' N N
MAX Z = 2Xvj(DJ+Q) — T ui(si+Q) (25)
J=1 i=1
Sub ject to the constraint,
- (1:1'....'N)
vg-ui < TiJ (26)

(leqoooo,N)

>

4,4 Modelling the Iranshiopment Model Employed in the Study
Copts (I1.i) R

In this study, Tij 18 the unit cost of flow on link ij.
The cost data that are employed in the study are the
shipping costs, which consists pf the usual terminal rates
ar" +*ie actual freight rates, and the transhipment costs. It
= recognised that the use of freight rates takes into
consideration the capital costs and other costs of providing
the transportation services by various modes :n only an
approximate way. It algo ignores the exact cosfa of
producing the shipping services by the transportation firms,
and implies that tﬁese are useful services provided for the
public. The transhipment coste refer to the handling costs

e transhipment points and 1t depends on the actual

m d of transfer employede The method of obtaining costs

along the links takes into consideration the fact that each
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node in the network can be considered as a transhipment
point. Flgure 16 {llustrates the general procedure employed.

v

42421.1 Setting up the Nodes in the Iransportation Network
The model assumes that‘orlzlns, destinations and
transhipment points can to be considered ag two or more |

nodes, one for each mode. If the node is8 not purely a

transhipment point but also produces or demandse some

quantity of the commodity, then it has another node in
addition to tAQso. This additional node can b; considered as
a‘warehouseyérom which goods are loaded or in which goods
are ott—load)d. If the node is a porty, it has another
additional node. Figure 16(a) illustrates the general
procedure for modelling the transportation nodes on the
network and was obtained in the tollowing way.

1. Assume that Node 1 ;s an origin node that produces some
quani ity of cocoa or palm kernel (Si)e It is served by
the road and raillway traneport modes. Then, in addition
to Node 1 which 18 the actual origin, there are two more
nodes namely, Node 1Rail and Node LRoa; which represent
tﬁe respective rail and railway loading/unloading bays

at Node 1. | ’ . g,

2. Assume that Node 3 i1s a demand point (a semaport or any
of the internal pro¢esalgg nllls? which has a specified
demand for cocoa or palm kernels (Dj)e It is also served

o

by road and rajilway transport modes. Then, in addition

to Node 3 which is the actual demand point, there are

-

/
\

-
i
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two more nodes namely, Node 3Rail and Node 3Road which
represent the respective rall ' and railway
loading/unloading bays at Node 3.

3. Qseume that Node 2 is purely a transhipment point which
does not produce or demand either cocoe or palm
kernelts(i.e. Si=0 and Dj=0)s It is served by road and
railway transport modes and is directly connected to
Nodes 1 and 3 by road and railway modes. Then, it has
two nodes namely, Node 2Rail and Node 2Road.

This formulation enables the c;st of transhipment between

all modes in each node to be incorporated 1nto»the model. It

can also be modified to reflect other different conditions

on the networke.

A

4044142 Calculating the Copts Alopg the Lipnks ilp the Network

le Calculating the Costa Along the Links for Different Modes
The-dlrect connections and long-haul freight rates
along the directly connected links on‘the transportation
network are considered. If the node i and J,are not directly
connecte the shipping cost between them (Tij) is infinitye.
If 1 and/ j are directly connected, Tij is the actual unit
cost of shipping or the frelght rate between i and je. For
example, 1Road and 2Road are connected, therefore Tij is the
actual freight rate by road between them. Similarly, 1Raill

and 2Rail are connected, therefore Tij is the actual freight

~
.

rnto‘jx\rail between 1 and 2. The sanme condltions‘qpply to
‘\.\./
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nodes 2 and 3.

For each transport mode, the freight rate on the
directly connected links and the long-haul paths from the
origins to the demand polnts were employed lg the model.
This means that in addition to freight rates of the direct
links such as 1Road-2Road and 2Road-3Road the long—haul
freight rate 1Road-3Road was also employeds Also, in
_addition to the freight rate on the direct links such as
1R511-2Ra11'und 2Rail-3Rail the long—haul freight rate
1Rail-3Rail was also employed. These long—bhaul troléht rates
are modelled as artificial links (Road and Rail,
respectively) in Figure 16(a)e The same procedure 1is
employed where railva& and waterway transport modes or all
three modes are involved.

The transhipment costs are employed in the godel to
enable inter-modal transfers to be made at the transhipnent
centers at the expense of the appropriate transhipnent
costs. The possibility of transhipment enables the modes to
provide complimentary services. In order to transbkip from
one mode to another, the produce is usually offloaded from
one ﬁode and re—loaded to the new mode. This transfer is
incorporated in the model as a link from a rail to a road
node within that center, &end the transport cost on this link
18 the cost of making this transfer or transhipmentes Thus,
within the transhipment centers, addiflonnl links with the

appropriate transfer costs 1link the different modes of
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transportation to each other. This formulation enables the
model to choose the best -odo.on which shlipment should
continue through the node on its way to the final
destination.

The transhipment costs on the links involving a change
from one mode to another is infinity if the node is not a
transhipwment point and is the actual transhlpment cost 1f
the node 18 a transhipment point. For example, since 2 is a
transhipment point, the cost of link 2Road-2Rail is the
actual cost of transhipment between the road and reailway
modos at node 2. Similarly, the costs of links 1Rail-1Road

/

and SRail-Gﬁoéz are the actual transhipment costs between
the road and rallway at nodes 1 and 3.
3. Calculatins the Costs Along the Terminal Links

In order to enable ahlpnenfe to start from and to end
in theractual origins and the destinatlons; these ac tual
origins and desflnatlons are connected to the respective
road and ra&lvuy loading/unloading bays by ad&itlonal U nks.
If the trenshipment point 1q a demand point or a port 1f is
also connected to the rail or road node in order to enable
shipments made by these modes to arrive at these demand
points by an& of £hese)nodos. In such cases, Ti,j is equal to
the actual cost of loading or offloading at these bayse. For
example at node 1, the cost of link 1-1Rail is the terminal
coast of loading/offloading by rail_at node 1 while the cost
of link 1-1Road is the ter-;nal eost of loading/offloading

by road at node 1. Similar conditions apply at node 3. This



formulation makes 1t possible for different costs for
loading or offloading to be incorporated in the model where
these costs are different. |

All the general procedures outlined are applicable to
other expanded formulations. These include the formulations
in which there 18 a waterway mode in addition to road and
rﬁilway modes, when an origin node 1s also a processing mill

or when a seaport also produces some cocoa or palm kernels.

4.4.2 Obtalpning the Shortest Paths

The formulation of the model employed solves the
Transhipment Problem by reducing it to a Trangportation
Problem by means of the shortest path algorithm. The
minlmlzafion of transportation costs implies that shipments
will be made along the shortest pathse Since there is no
constraint on the capacity of the links on the network,
these shortest paths can easliy be calculated and ;pe
network over which flows are optimized becoﬁé slmpl;r. The
direct connections between origins (Si) and destinations
(DJj) which is assumed 1in the classical Transportation
Problem is then achieved by enploying»shorteét paths
obtained frop'the transhipment formulation of the network as
direct links in the Transportation Problem.

Figure 16(b) 1llustrates the procedure for obtaining
the shortest paths on the network. These paths may be
long-hauls by any mode betwegp origins (Si) and destinations

(Dj)e For example, in Figure 16(b), the shortest path I is
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the long-haul shipment by rail between Node 1 and Node 2
while the shortest path Il ia the long-haul shipment by road
between Node 1 and Node 2. The shortest paths may also
involve shipments sy two or more modes of transport along
the path, as wol} as shipmnents through artitficial nodes to
.incorporate transhipments. For example, in Figure 16(b), the
shortest path III started-off by é;ad from Nodel,
transhipped to the rall‘at Node 2 and arrived at Node 3 by
rails Similarly, shortest path IV started-off by rail from
Nodel, transhipped to the road at Node 2 and arrived at Node
3 by road. The shortest path algorithm selects the leagt
cost path of shipping from Node 1 to Node 3 from all such
shortest paths in the network. In #£his way, the shortest
peth algorithm reduces all orlgin—deetln;flon pairs in the
ne twork to’tho type of direct connections between these

assumed in the classical Transportation Problem (Equations

1-7).

414, Tracing the Actual Flovs along the Linke

- The formulation ot‘the Tr;nspprtatlon Model employed
vields tho_opti-al pattern of shlpmonté from origins (Sit's)
to destinations (Dj*s) along the shortest paths. These
optimal flows were then reassigned to the ectual links over
which sh;pm.ntk were made by tracing these links elong tge
sho;test paths selected in the optimal model. For example,
in Figure 16(b), if shortest path I ( the long-haul shlpneét

by rill between Node 1 and Node 3) was selected in the
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optimal model, the actual links over this p#th should be
traced along Node 1-Node 1Rall-Node 2Rail-Node 3Rail -Node
3. Similarly, if shortest path III was selec ted, the actual
links should be traced along Node 1-Node 1Road-Node
2Road—-Node 2Rail ~Node. 3Rail-Node 3.

It is possible to acconpiish the tracing of these links
because there were no constraint on link capacities. If
capacity were taken into consideration, agssigning flows

along thoaa'linkq along the shortest pathse might result in

overloading some links on the network.

‘

b



S. Chapter Five MODELLING THE TRANSPORT NETWORK WITH THE

DATA OBTAINED

2.1 Intreoducticn

There are immense difficulties to be encountered in
obtaining adequate data for modelling transportation
problems. These difficulties tend to be much greater in
underdeveloped countries where the compilation of reljiable
data on a nation-wide scale has not yet been accomplished.
Despite these data problems, empirical research is necessary
in these countries and should be undertaken more oftene The
data used in this ang}yéls were obtained from field work
conducted between May and September, 1978, 1n.N1geria.‘

Generally, the Treansportation Problem determines the
pattern of shipments which minimizes the total cost of
transporting known quantities of a commodi ty at each of m
origins to satisfy given demands of this commodlty at each
of n destinations. Therefore, the data required by the model
are as follows,
1. The guantities of cocoa or paln'kernel purchased at each

origin (él)-
2. The demands for cocoa or palm kernels at the ports or at
the processing industries within the country (Dj)e.

de¢ The cost of shipping by each mode and the tranehipment

costs ( T’.J e

114
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222 Ihe Quantities of ihe Commodities Purchased

22221 Gepernsl Backaround

Almost all the cocoa produced in Nigeria, with the
exception that used by the Cocoa Industries Limited at
Ikeja, 1s exported. Ny 1976/77, the industry was receliving
its supply of cocoa from the Narketing Board since it was
not allowed to purchase directly from farmers. The gquantity
of gocoa>supplled to tge industry in that year was only
about 5% of the total purchases of cocoa by the Board.

Aithouah the cocoa sent to Ike ja can be regarded as
ébnsu-ption that took blacQ within the country, it is

~

included in the model because the demand for it within the
countfy may affect the optimal pattern of shipments to other

demand points at the ports. This gquantity is also considered

when the demand at one external destination is investigated

bec}hQS‘tﬁfﬁgpttern of shipments to such internal demand \

points may be influencing the pattern of shipping to the

external destination.

\

The scattered locations in which tte procosslné and

2

marketing of palm o0ll and palm kernels take place within the
country, makes it difficult to have an accurate statistical
estimate of the quantities of these commodities consumed
within the country. The difference between production and

—
onsumption however, determines the quantity to be exported.

\\\\ One can safely assume that the quantities of cocoa and-pelm

kernels purchased by the Boards represent the exportable \i

'purplus of these commodities, For example, the negligible

)
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quantities of palm oil exported mince 1970, and subagquent
non-export of ‘this commodity, is largely due to increased
demand for the product within the countr;. As_the domestic
demand for palm oll increased, emphasis shifted to the palm
kernels for export. All the p;im kernels purchased by the
Marketing Boards, with thé exception of the quantities sent
to the crushing mills, are for exporte. Eventually the palm
kernel oll, cake and pallets from the crushing mills are
also sxported,.

In receﬂt years, ?he number ot crushing millg in the
country has been incfé;sed in order to reduce the bulk of
the palm kernels for export and also with the ailm of

promoting local industries. In\éplte of ambitious plans to

keep these crushing mills working at fult-capacity, evidence

. \

shows that due to many mechanical, tihnncial and
administrative problems, -oét of théf;§ils remain
non-operational for gseveral months in the yegr. The most .
common mechanical problem of the mills is that of producing
’balm kernel oil with a high percetiife of fatty acid content
(up to 15% in some cases), which is unacceptable in the
world mparket. Whgﬁ this happens, the crushihg mill concerned
is closed down while the cause of the mechanical problem is
investigated. This is often done in such a hurried ;nd
confused manner that record }eeplng sBuffers greatly. Because
of this and other related reasons, no accurate gtatigstics of
}

the quantities of the palm kernels sent to the crushing

mills in 1976/77 were available. However, the data for

’

E Al
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November 1977 to Jupe 1978 were obtained and introduced in
the 1976/77 model in order to demonstrate what effects the
internal demand for palm kernels could have on the optimal
pattern of shipments to the ports., These 1nternu1 demands
are also included when the demand at one external

de;tiziiion is considered because they must have to be

satieafied as well,

22,2 The Commodlties Purchased (Si)

The method of keeping records of the guantities of the
commodi ties purchased for export is not unlfOfm. In some
canes the records are kept at the very fine 1§vel of gfadina
stations. In others they are aggregated according to the
Produce Inspection Divislons and in a few cases they are
kept at the Provincial level.

) Obviously, the optimal solution will depend to a
considerable extent‘on the level of aggregeation used because
ag the mode} gets more detailed, the solgflon gets more
constrained. It was considered that to b;ee the model on the
State 1evei or the provlnées would be too aggregated to form

a bamis for any meaningful recommendation. If the grading
astations were used as éhé unit of analysis, the\;unber of
nodes in the system would be too great and the analysis

would'deal with very small éuantltios of thé commodi ties
purchased at these stationse Therefor«, the quantities of

the commodities purchasod,ﬂbronaggregated according to major

Administrative Divisions as delineated in Fig 17. All
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purchases in each Dlvision were assumed to have origlinated
at the Divieional Hgadquartera. These are regarded as the
supplies or availabili ties at the orlgins (Si).,

This assumption does not take the travel costs from the
grading stations to the Divisional Headgquarters into
conslde;atlon. Al though it facilitates the representation of
origins and destinations in the modol; it is also liable to
other aggregation errors. Despite these difficulties, it Iis
a convonient£:e$pod of obtaining a uniform and consistent

type of aggregétionr within the area of study.

Shakl, the headgquarters of Northern Oyo Division was
excluded because no cocoa or palm kernels were purchased in

that Division and due to 1ts peripheral location it is

almost isolated from other divisional headgquarters. On the
\

other hand, althoggh there were no cocoa or ralm kernels
purchased in Abakaliki DlVlslop, Abakaliki was included in
“the study becausé it is linked to other Divisional
'headquagtegﬁ by road and may therefore serve as a
transhipment polﬁ\. In all, 63 nodes or Divisional
headguarters wer; employede.

“The major cocoa rgrowing ar;as of the Western States

P

depended entirely on earnings from cocoa all through the
colonial periode Due to the importance of cocoa in the
economy of these States over the years, the Weste;n State
Marketing Board is well established and organized in its

me thod of keeping records. It has a statistics sectloﬂ which

publishes annual information on oxpoft commodities handled
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by the Board in the Westerr States. Therefore, this was the
source of data on the guantities of cocoa and palm kernels
purchased by the three Weastern States of Ogun, Oyo and Ondo
in 1976/77. |

The State Marketing Boards 1ln the remaining states do
not have a well organized statistice section and so could
not eupply reliable statictics on the quantities of these
commodities purchased. Data on these were obtained from the
Produce Inspection Division of the Ministry of Agriculture
and Natural Resources in these states. Thls Division is

L)

responsible for the inspection and groading of the produce
for export at the grading stations. Table 5 eﬂows th:
qu&ntltloa of cocoa Fnd palm kernels purchased at each
origin during the 1976/77 produce season. The Commodity
Boardas could not provide any reliable data o; the ac tual
quantities of these conmpgltloe.ehlppcd trpm th; grading
stations to the ports therefore there were no #c;ual

shipments against which the optimal pattern of shipments

from the models could be comparede.

5:3 IThe Demand for the Commodities (D)
wmwnmwmu
snxmnnnnmlmmznmn

The nodol is mainly concerned with the demand for cocoa
and/or palm kernels at the various demand points. Some of
the centres which produce cocca and/or palm kernels also

demand these commodities. For example, Calaber,



TABLE 5. QUANTITIES QF IHE COMMODITIES E!RQKASED EQk EXPORT

IN 1976/77 (In Metric Ionnes).

NAME OF

SUPPLY POINT

QUANTITY OF

PALM KERNEL

COCOA

10

11

12

13

14

15

16

17

18

IBADAN
IFE
ABEOKUTA
IJEBU ODE
IVO

ONDO

IKIRUN
SHAGANU
OKITIPUPA
OSHOGBO
ILESHA
ILARO
IKARE
IKOLE
IJERO EKITI
oYO

IJEBU IJESHA

OGBOMOSHO

11436
4382
4374

418
4618
6837
2976

5747

2711,
‘\zj;s
1335
5099

1745

931

26297

8138

15535

8892

7870

6971

5520

7890

3867

4905

6484

4271

4603

3227

705
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20
21
22
23
24
25
26

27

28

29
30
a1
32
33
34
35
36
37
38

39

40

41

42

-43

44

45

IKERRE
AKURE

ADO EKITI

ovo

ERUWA

ABUDU

AGBOR
SABONGIDA ORA
AUCHI

BENIN

IGARRA

SAPELE

UROMI
UGHELLI
WARRI
AVEA
NSUKKA
ONITSHA
ENUGU
AWGU
ABA
UMUAHIA
OKIGWI
ORLU
OVERRI
AFIKPO

ABAK

872 -

873
608
1280
1209
449
3051
1058
1923
1874
1405
5709
4104
3680
4038
4287
11358
5003
5348
586
20956
16589
12713
18272

4127

745

11566

1928
208
2079
1141
42

115

3968
1672
1309
1373

16

1204

16
484

4116

122
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47
48
49
. 50
51
52
53
54
-55
56
57
.58
59
60

61

AKAMKPA
CALABAR

EKET

ETINAM

IKOT EKPENE
ITU

IKONM

OBUBRA

OBUDU

0GOJA

OPOBO

ORON

UYo

PORT HARCOURT
AHOADA

DEGEMA
YENEGOA

BORI

892
3096
786
401b
10115
2134

177

2443

911
1187
6604
4420

10015
4955
2318
1111

1226

88

25

6695

32

25

123
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* INDICATES NEGLIGIBLE
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Port Harcourt, Warrli and Sapele produce palm kernels but
. they are aleo ma jor seaports and varjous guantities of cocoa
and palm kernels arobshlppod through them annually. In the
modelling of the transport network, these ports are
considered as separate nodes that are connected to the
- actual origins and to other transport modee by the
appropriate transport costs.

iagoa does not produce appreciable quantities of cocoa
or palm kernels but a bhigh pyoportion of these commodities
from other parts of the co ntr& are shipped through Lagda
porte It is the capital of Nigeria and the largest port in
the country. Ikeja does not also produce el thLer of these
commodi ties but has a cocoa industry (Cel.A) and a palm
kernel crushiyg mill (VON), which demand various guantities
of these commoditlies.

bTho Palm kernel crushing mills constitute internal
de-qnd centers for this commodity. Two of these cr&ﬁhlng
mills, PALMIL and AVOC are located at Abak and Warri,
respectively., They are divisional haadqu;rters while Warri
is also a porte The other twa crushinn mills, NIPROC and
PALMKE ;re locat.; at Arondizuogu and Umunze. The demands at
these mills verevasau-cd to be made at their respective
Divisional Headquarters at Orlu and(Avkg. There were no data
on the palm kernel crushing mill RIVOC at Port Harcourt
which was opened later in the study porlod,

The quantity of each commodity that is exported through

any given port is taken as the demand for that commodity at
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the port (Dj)e The quantity delivered at each internal
demand point is8 regarded as the demand fof that commodity at
that center (Dj)e These internal demand points were also
considered when the shipments to one external destination
were investigated.

Table 6 shows the gquantities of cocoa and palm kernels
demanded at each port and at the'proceeslng industries in
1976/77. Data on the quantities of palm kernels sent to the
crushing mills were obtained from the Palm FProduce Board
Headquerters at Calabar whereas data on the qu: ‘ities of
the commodi ties expgrted through the major porte were
obtained from the Marketing Board Headquarters in Lagose. The
quantity of cocoa sent to the lndustry at Ikeja was obtained
from the headquarters of the Cocoa Marketing Board at
Ibadane.

The notion of demand at the ports doesg not include the
notion of varjable utillzation rate; at the ports. In fact,
these ports are competing for traffic Gith each other and
while some ports may be underutilized, others may be
overutilized. Thus, the throughput of any commodity at a
port In any given year is not necessarily a measure of the

handling capacity available at the port.

It 'as:oggorvod that all purchases of cocoa and palm

kernels are not always exported within the same year in

which the purchases were made. The exports of these
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TABLE ©. QUANTITIES QF IHE COMMODITIES EXPORIED QR SHAFPPED
IO INIERNAL DRENMAND POINIS (In Metric Ionnes)

Ae INTERNAL DEMANDS

NAME OF DEMAND POINT PALM KERNELS cocoa
IKEJA (AVOC) 13681 | 11528
ABAK (PALMIL) 16641 *
WARRI (EVOC) 13681 *
ORLU ( NIPROC) 13671 *
AWKA ( PALMKE) 5640 *

Be. EXTERNAL DEMNANDS

«
~ NAME OF PORT PALM KERNELS COCOA
LAGOS 107295 173753
PORT HARCOURf - i07775 8580
CALABAR 32859 ’ 4444
SAPELE 17698 | ' 34521
WARRIY , 5572 *

* INDICATES NEGLIGIBLE
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commodi tiens depends largely on the world demand for these
crops which fluctuates from time to timee. Also, in some
years when there are bumper crops, the arrangements to sell
the commodi ties to the world markets lags behind the
deliveries of the commodities at the ports. Fortunately,

both cocoa and palm kernels are not easily perishable and so
can last for 2 or 3 years without deteriorating much in
quality.

These aurpluses‘-ean thgt the pu£chases are not exactly
equal to the demand, as required 1q the model. The model is
1nvest1¢at1na.the opfimal patterns og shipping to the ports, .
therefore it 1; more realistic to assume that the surplusesv
originated from the supply points in the previous year.

Since the exact locations from@hich these surpluses
originated were not knpvn. the purchases at all the origins
were increased in the same proportion as the volume of
purchasgses made in these origins in 1876/77. In this way, the
volume of fptal purchases were made to bpe exectly equa} to
the total demands as required in the model. The major
difficulty with this approach is that it ;ssumes that the
quantities produced at the origins are atable.ovor the years

which is not necessarily true but it is the most logical

pragmatic approache.
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5.4 The Cost of Irananortation (Tdj) s
Ss4:1 Geperal Boackground of Read Freight Iramnspert iln

Nigeria

The ownership, management and organisation of the road
tranaport business in Nigeria is largely in private hands,
while the government is responsible for the pravision of
infrastructures, enactment and enforcement of road safety
regulations, and the issuing of vehicle and driving-
licences. Passenger fares and freight rates on roads have
been rising in recent years for several reasonse. Tﬁese
include:

1. Rlélng coset of vehicles and spare parts.

2. Congestion of the roads and ports which increase the
turn around time of vehicles and conseguently,
operational costs.

3. High rate of accidents resulting in high insuragce
preniums and high recovery rate for inveatments on
vehiclese.

4, Touts or middlemen who contribute nothing to the
eiflcl@ncy of road transport and yet receive. a
significant share of the fares.

Despite these trends, numerous carrier organizations prévide,

regular trolhht sor@lcos from Lagos and qthor‘seaport- to

all parts of the country.

Ideally, rates bagsed on a fixed tonne/kiloneter érice
for roed freight traffic could be set up nationally and

carriers forced to keep within these rates. The
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=
'

govornnent’ovnodxNatlonol Freight Transport Company was
formed in 1977 to help in stabllizing road traffic frelght
rates In the country. However, the pattern of charges is not
very Elgid and varies widely all over the country. Where the
avajilable loading space and the demand forn}raneport

'

services are not in equilibrium, practice shows that market

’

forces take effect, wilith sppply and demand determining the
. ‘
transpott price. It was also observed that conslgnors of
regular, large-scale frelght ghipments usually make annual
contracts with carriers.
The road network in the area of study was modelled as a
graph and the links were numbered sequentially shown in

Figure 18. The freight rate along each link in addition to

the long-haul ‘freight rates from the origins to all the

P

me jor ports were emploved in the model. Two types of data on
road fransport costs consisting of the transport -
.differential rate of the Commodity Boards and the transport

.

cost by road ag set by transport firms were employede.

Se4.2 Trangport Rifferential Rates of the Commeditiy Boards

These were obtalned from a circular which the Bo#rda
sent to the licensed buying agents for both cocoa and palm
kernels for the 1&76/77 produce seasgone. According to the
circular, the rate was 7 kobo per tonne/kilometer -ITQr the
first 100 kilometers, 6 kobo per ki lometer for th:sz}{/

—~

+

8 ) .
101-250 kilometers, and 5 kobo per kilometey¥ for distances

over 250 kilometers,(1l kobo = 1.6 cents (UeSeAe) &na_1oo

.

{

o
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kobo = N1.00). The same rates apply to both cocoa and palm

kernelse.

For example : Suppose that the distance from an orldlgin to

a destination ig 500 kilometers, then the

freight rate 1s calculated as follows,

N7.00

l. First 100 km at 7 kobo per km =
2. Next 101 to 250 km at ﬁnkobo per km ; N9.00
| ‘Je Next 251 to 500 km at S kobo per km = N12.50.
= N28.50

| TOTAL

' The road- distances of the direct links and the

long~haul distances to tha_ports vere calpulated. The
appllcatlon of the transport freight rate differential of

the Commodity Boards for obtaining the rates for these

distances wag stralghtforward and was easlily caculated
\‘.\ 3 ) .

t

model am waéythe case with the shipping freight rates of‘the
vcarriors.dlscﬁseod below. |
The 1épact of the love; rate for longer distapnces was
quite effective, Both the long~haul rat;s and the rates on
the‘dlrect links were introduced in the cost matrix and.the
model had the optiom~t9 chooao.botwoen these ang*haul rates
and the rates on the direct links between tﬁe nbdes in the

system,
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wmwxmuhnm,ummnmu

Elras

Sa4s0.1 Obtaining Samples of Road Iransport Freight
Ratsa

Data on road transport freight rates were obtained by
sampling transport companies. Data on road trangport frelight
rates to various major towne in Nigeria, with Lagos and
Kaduna as loading points were obtained from tﬁe National

Freight Transport Company. Thie company is owned by the
. e :'6
,i .

Federal govorn-onf of Nigeria and was established in 1977 to%&ﬁ
help in stabilizing road freight traffic rates in the

country. -

IS

Adn addltion{ trolaﬁ? transport carriers at Ibadan,

Benin, Enugu, Calahav./ﬂﬁd Kano were sampled between May and

e T

s.;&.-bor 1978 in order to obtain their freight tranaport
rates between no-i ma jor towns in the céuntry. The towns in
.vhlch tﬂ, transport c-rriers were sampled are all State

A&hini-téatiYOAKogdguart.r- Qnd/or ma jor portse ilth the

-

exception of Kaduna and Enugu, they are also Commodity Board
Ho.dguartor.'tor v.riobslcxport commodities (Ibadan, Kano,
Calabar aﬁd Benin are the headquarters of the Cocoa, ‘

n,
Groundnuts, Palm Produce, and Rubber Boards, respectively).

Therefore, & number of églco transport companies operating

all over the country are based in these lnrgo,tovnsﬁ and the

Ty

freight trol.ht rates obtained from these .anb!b polnts can

be considered to be fairly representative of the whole ..

| J& o "f-v.:,\;’, e,
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country. Fig 19 shows the location of these sample points.
The procedure that was used in sampling the transport.

companjies was as foltoyp H

1. A lilst of State Adainistrative, Provincial and
blvlalonal He adquarters and other major towns was
compi led. |

2. At each sample golnt,4at least three different traneport
companies that operate laréo-ucalo freight transport
business were lnt;rvelvod.

3. The carriers were asked to quote their transport rates
for transporting a lO-tonﬁe lorry or 25-tonne yraller
from the smample point to each of the towns in the llsib
complieds In no§£ c;ses, th;y did not have a
comprehensive list but if they had data to other major

towns that were q?t in the list complied, these were

obtainede. . ‘
4. The average freight rate per tonne for each link in
network. for which data were obtained at each sample

point was then calculated. These are shown in Appendix

I.

: . t ;

Da2423.2 Modelliig Road Freight Iransport Cost
It was not possible to obtain the exact freight rates
- o . ,

on all thq/linkl. Out of a total of 138 direct links on the

¥
road notw‘rk, the exact freight rates on 54 links were
obtainede. TQ: exact freight rates on 183 long—hauls gro- the

‘orlgln- to the seaports were alse obtained. This comprises
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FIGURE 19. THE TOWNS SAMPLED FOR ROAD TRANSPORT FREIGHT RATES
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S8 percent of the total number of long—hauls from all the

origins to all the portse.

Since it was not possible to obtain the exact freight

ra'tes on all links and the long-~hauls, a representative

-

model was needed for oi%lnatinn the road shipping rates on
the remaining direct links and long-hauls to the seaports

for which freight rates were n&t availadble. A‘s{ralght line
tron& of the form, ‘
& = a + bX ’ !
was titted to this data, where

&
Y

" transport cost

X A function ot distance

In order to obtain the functional form which best
represents shipping rates in the area of study, the
following relationships and transformationsg of the distance

variable were investigated.

1« A simple liﬁear relatlon;hlp between transpoft.cost and
ﬁ;stanco. » -

2 S&uarlng the distance variable.
3. Log transformation of the distance variable.
4, The Polynomial Funtion of the distance variable.
These were done in order to find out the iodellthat is best
suitable for pr.dictl’u costs on the links for vhlchdexact
tran;port cogsts were not available. | 0

In addition to the transformation ;f the data, several

‘ aggregations of the data were ln?batlactod in order to

obtain the most representative model for predicting road
/
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transport costs in the area of studye. The following approach

was used in investigating the best aggregation.

1. Models for individual sample points. This was done in
order obtain a general lnpreésion of which relationship
: s
or transformation of the varisbles produced the best
model at each sa-plevpolnt.

2 Models for the five southern sample points. Since cocoa
and balﬁ kernQI; ;re grown mostly in the southern parts
ét Nigeria, the models obfalned from thip aggregation
ma; be more representative of the pattern of road b
transport freight rateﬁ for tﬁe carriers who were
sa-piod. It nay ;lao be possiblo_to reduce the
differences in the different samples in this way.

3. All Seven Sample Points. This approach'vas.lnvestlgat.d
in order to see 1f it would improve on the models
obtained from the previous aaarogaflon of sample points
ia the gouth. Since it lnclﬁdes samples for(the whéle
country, it Aay be more rcproupntatlva of th; freight
rates by the carriers.

Mmmmmwm_mn

' 2

* The scattergrams obtained for each of the sample points

indicate that there exists a ﬁo-ltlve linear relationstip
betwveen these costs and distance. Figs. 20 and 21 show that
‘the data for Kaduna cﬁd.quol are strictly linear. This is
P4

because the National Freight Transport Company bames 1t

transport rates -trictyy on distance. They operate mostly

s
N
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25-30 tonnne trailers which are less costly to operate and
also more ocoﬁonlcal to maintain than tﬂe iO—tonne truckse.
Their rates are deliberately set lower than those of other
carriers.

Figures 22 and 23 show that there is a tendency to
underpfedict short trips at Enugu and Benin and overpredict
long trips as well from Benin. Figure 24 indicates that the
Calabgr model pfedlcts short and long distances fairly well
but underpredicts trips of moderate distances. Figure 25
s&ovs that the transport costs for trips made to average
distances from Ibsadan are overpPedicted while the costs for
some of the trips involving long distances are
underpredicted. Figure 26 illustrates that the Kano model
involves mostly very long distances due to 1ts northern
locatione.

The overprediction of costs for long distances éan be
explained by thertact that usually the road transport’
carrlera éa-pled db not make regular trips to these long
distancems, If such trips are made, it is udually because of
a qtrong attraction for return loads and 80 their rates tend
to be overestimated by the carriers who were sampled.

The regression statistice obtained for the individual
sample point models are shown in Tables 7 to 13. Squaring

and log transformation of the distance variable did not

raise the level of statistical explanation
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TABLE 7. LAGOS REGRESSION MODELS

: 2
Lv Multiple R=.9990 F(1,68)=32771. ¥*=,0005 R = « 9979
Variables b F(1,68) *
DISTANCE « 0354 32771. ‘ « 0005

CONSTANT -.029

C ' 2
2. Multiple R=.9713 F(1,68)=1132. *=.0005 & = .9434
Variables; ' b F(1,68) *
43_{{.:
(DISTANCE) . 000018 1132. .0005
CONSTANT 14.2
- Q‘
N
: 2

L N O O O T o T o o T o o o T T o o T T T e o o it oM o o et e ke e e e e o ———

Variables b F(1,68) * ‘
LOG1O(DISTANGE) | 58.3 7028 0008
TCONSTANT  —136.7 TR

| A . ) %
4. Mult}ple R=.9990 F(2,67)=16349. *=,0005 R = .9979
|| vVariavies . b R1le) e o
\(SIQEZEE:—'E:::.: T losez  1188.  .ooos
DISTANCE zﬁ -.QOOOOQ% "+ 849 . ~ NOT SIG
TCONSTANT —.ars T N E T

N
i
S~
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TABLE 8. KADUNA REGRESSION MODELS

B -

0
2
1. Multiple R=.8985 PF(1,67)=61070., *=.0006 R =.9989
E Variables b F(1,67) *
* 88382‘38:8::—‘-’:2":28========== -3 + 333 3 3+ 1+ 3 ¥ 3 I X X XX 1T ¥ T3
DISTANCE %0349 61070. «0005
CONSTANT .169
I
L 2
2. .\Ilt’_.‘.p‘. R=.8768 F( 1167)=‘132. *=,0005 R =.9542
::::—::::zz:::::::‘2::::=========================:
V.rl,b lLes b F(1,67) *
CO - 2 .
*  (DISTARQE) .000029 1397. 4 <0005
-+ +—+ -t ‘, 8":-.8::8::3::8:8:::::=========== L 3-S5+ S
CONSTA 8.76 -
[ (3
_ . . 2
3. MNultiple R=.9516 PF(1,67)=642. *=,0005 R =.90S5S
Bt Variapiee b F(1,67) *
) '4'4 "’y./ . g:q,?’ %é%$,=== =====-B=========== L3+ + + 33+ + 3 5 -+ F 3+ + ¥ T3
L O8 1oe 080 iANCcE) 3t.9 642, ' .0008
Nt ‘3\*’3 i =gl b Eawanaate bt S e T T T T T T T e
P . e
i 4;}'. . . R rjf 2

WP995 F(2,66)=30181% *=.0008 - R =.9989

» . o -
. R R AR . S R N T S T S TS S T e

b F(1,66) - R
- 00347 2700, . .0005,

. 7 NOT sic
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XABLE f. ENUGU REGRESSION MODELS >~

1.

2.

<

4§?yu1tgp1. R=.9673 F(2,71)=515.7 %=.0005 -

i
;e yaak

o

147

2

Multiple R=.9651 F(1,72)=876.4 *=,0005 R =.9313
=====8=======:=:========= ====== R+ 3 53 $-¢F 5 F 3 5 - 5 F 5 F F 3
Variables b F(1,72) x*
===================x—‘.===============================
DISTANCE .0284 978.4 .0005
CONSTANT 4. 36

r

. 2
Multiple R=.8801 F(1,72)=2%4.5 *=.0005 R =.7922
=============B==========’======= 4+ 35 3 5 5 - 5 F 3 ¥ T
Variables b ‘ F(1,72) *
=============:=:======:::::::::‘—‘:::::::::::::‘ ST ZE==

2

(DISTANCE) « 000025 274.5 .0005
CONSTANT 8.28 A,

e

‘ 2
lultlpl. R=.908%7 F(1’72 )=340.9 *=4000S R =+8256
] -+ 5 3 233 335+ 3+ £ 5 3 ) 4+ 3+ 53 3 S 5 5 ¥+ 5 3+ 5 T3
Variables b . F(1,72) u ¥
LOG  10( DISTANCE) 17.4 340.9 «0005 .

CONSTANT -27.6

‘qF=====:8:===é==é===£&==============

&pwle - . b . B(1,72)
== ..!._,:_‘—===,==‘==‘======== SEEEET === ====

4 »i‘ﬂsz\:‘, (4 * 3 IR A

: 2 « 0339 . 1581
o 2. B . ‘
DIGFUNCE ./ -.00000567 4.71

== ._‘==_====b= e s S T 1 T T

CONSTANT 3.67

o

R e 9356',:"1

%

« 0005

LR
-~ 08

P+ FF ¥ F
¥ :

2 o L

o

Yy
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IABLE 10. CALABAR REGRESSION MODRELS [

1.

3.

4.

2
Iultlple R=.9650 F(I.SS )=799.8 *=,0005 R =e9J13
Variables b Y F(1,59) *
DISTANCE <0339 7998.9 <0005
;:::::z::::::::z;é: ===F¢.==¢$== ::::::::::*:::::::::
CONSTANT 4.52 = . ¢
. -" ? S
N Lo . ®
- R Y ” 2

R K ; . .
!ult}pt'fi=-9123‘.F(l,59)=292-8 *=,0005 R =.8323

B3 1 2 35 ] S e et a e P

Varisbles '’ b F(1,59) *
o | == : ’
( DISTANCE )’ «000029 292.8 .0005
CONSTANT 9.4 \
-
. 2

Multiple R=.8904 FP(1,58)=225.7 *=.0005 R =.7928 >

============‘===t¢.‘:==2 394333+ 33-8 343 3 3ttt PPt

Variables i b F(1,59) *

4+ %3 + 11 >+t 3+ 4+ 4+ 1 2 4ttt Bttt -ttt PR

LOG 10(DISTANCE) 21.4 225.7 .0005

CONSTANT -33.8

¢ ;’_‘ \' .5

| N K 2

Multiple B=.9654 PF(2,58)=398.  #%.0005 R =.8321

:====é============:====-_"’==========’:================ ~

Variables P F(1,58) * N

4+ + 3% 3+ 41+t 2+ -+ 3333 . z============================

DISTANCE N A ;882 9005 ’

) - 2 Bl \".‘ ' :
" DISTANCE -+ 00000296, . «66. « NOT SIG
_GONSTANT 4.13 :
3 . /

% V:h PR ‘a Y i N
[ & . ¢ i
) ‘. - .D‘b c ) 1



TABLE 11. BENIN REGRESSION MODELS

2
1. Multiple R=.9417 F(1,54)=423.1 *=.0005 R =.8868
Variables b F(1, «) *
DISTANCE «0149 423.1 « 0005
CONSTANT 1.36
] ' 2
2. Multiple R=.9566 F(1,54)=581.9 *=,0005 R =.9151
Variables b F(1,54) *
2
(DISTANCE) «000012 581.9 « 0005
CONSTANT 4.37
2 -
3. Multiple R=.7706 F(1,54)=78.9 *=,0005 R =.5938
e Variables b F(1,54) 3
LOG 10(DISTANCE) 11.8 78.9 0005
=================é=============================——$===;'
CONSTANT %21.8
S,
. 2
4. Multiple R=.9586 F(2,53)=300.2 *=,0005 R =+9189
Variables : b . P(1,53) ‘ *
* DISTANCE ' 20039 2.49 : 25
DISTANCE « 00000866 20.9 "« 0005
4+ 3+ 3 -3+ ¥ +F+ F 5+ ======ag’================ 343353 35 5
CONSTANT 3.54
L
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TABLE 12. IRARAN REGRESSION MODELS

)
4+ 4+t S+ 2+t 2 P+ S+ 2 X F - 2 S+ 2+ F B+ P -+ P2 2 2 25 5

1. Multiple R=«9473 F(1,75)=656.4 *=,0005 R2=.8975
Vartanles b Em1,1850 o«
DISTARCE  .000026  656.4  .0008

S 2

2+ Multiple B=-8306 yT(1:75)=166.8 »=.0005 B C:e8%9
Variables b F(1,78) .
e s s o
(DISTANCE) «000026 166.8 .0005 7/

CONSTANT 11.6

3. Multiple R=.9556 P(1,75)=788.9 *=.0005 R =491

Variables b F(1,75) *
LOG, 10( DISTANCE) 9556 788.9 <0005
couzraur -34.5 -
2
4. Multiple R=.9756 F(2,74)=792.2 *=.,0008 R =.8517
Variables ’ b F(1,74) *
SEET SRS S== =SS E=E=S= s=s=s==s==ss==x==g==zs===
DISTANCE «0551 401.2 0008
2 ve .
DISTANCE -+0000239 83.1 .7 40005
4+ 3 2+ + 1+ 3 ¢+ & —3—-3F + % ¢+ ==;=:=====-_== -3 1 3 4+ 3 3 ¢ 3 4 ¥ 1+ <+ 3 5 34

CONSTANT 2.35 -
. - N .
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TABLE 13. KANQ REGRESS ION MODELS

1.

2.

4.

: 2
Multiple R=.9474 F(1,48)=420.8 *=,0005 R =.8972
Variables b F(1,48) *
DISTANCE <0175 420.8 f.0008
432+ F 3 3+ 3+ —2 + 5 3 3+ I -3 F I+ 2+ 4+ 1 4+ 4+ B I 5 5 3 3 3L 3 T S 3 F X33 F 33 ¥
CONSTANT .0182
Y
‘ 2
Multiple R=.9411 F(1,48)=371.5 *=6005 R =.885%
VYariables b F(1,48) *
2
(DISTANCE) .000012 371.5 « 0005
CONSTANT 5.12
WA
‘ 2
Multiple R=.8855 F(1,48)=174.3 *=.0005 E =.7841
343+ 3+ S+ 2 2+ 4+ B+t 3 S $ -4+ 4 43 F S5 P+ S
Variables b F(1,48) %
43+ 3+ 3+ 5+ 3 3 4 3 ¥ 4+ + 2+ 4+ S+ 4 1 3 3 3+ 3+ ¢+ 1 F 2 K 51 4 4 55 S+ ¥ 3 5t ¥+ 553
LOG 10(DISTANCE) 20.9 174.3 <0005
CONSTANT =-44.8 )

o o _ 2
Multiple ' R=e0496 F(2,47)=791.4 *=,0005 R =.9017
==='='==:\==8'¢"==‘=:===:=================.—;======z======
Variapled® B, F(1,47) %
DISTANCE ~OofTT 7.70 .01

‘02.,-; - ‘?” ' -
DISTANCE % * - 90000389 ;.. .. 1.95. : NOT SI
CONSTANT 1.60 A
"‘, -» . ?~.q3y [
P AR ’ '

151



- 152

for Lagos, Kaduna, Ca}nbnr, Enugu, Ibad.n'and Kano sample

points thl; this trtn.torn.iion L-prov;qltho model for the

Benin sample. VYhile thoulogaflthnlc transformation of the

distance variable performed better than the squaring of the

same variable in the Ibadan and Enugu samples, the reverse

‘waa the c;lo for the Benin iu-plc. Whereas the model

obtainod from the polynomial function of the distance

variable only slightly raised the level of statistical

" explanation’ for Benin and and Ibadan saeamgple points, 1t ;ad

no oitect on the models obtained for Lagos and Kaduna

sa-plo-. It slightly raised the level of explanation for

Enugu, Calabar and Kano samples but the square of the

distance variable was not statistically -lénltlcant in these

models., This indicates that the simple I&arJtorn ot

distance oxplaln, tho-trolght rikgabin thé&o“aa-plg points /;ﬂ

‘a0 well that the introduction of other transformsations ot (
’ !

:rl- variable do not lnp:‘v. the models.
"All'tho'fivo sanp le polntl‘;P the south namely, Lagos,

i1badan, Benin, énﬁgu and.CQLabaf were modelled together

since cocoa and ?aln kernels are grown mostly in southern

Nlcoria;¢1h’ -éaitorgr-- for this aggregation (Figure 27)

indicates that there are twp distinct bands in the pattern.
. B o :

.

Also, the tendency to to ovﬁrptodlct long trips and

underpredict short trlpi'6.i4itill observed.

Table 14 shows the results of the regression models
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IABLE 14. ELIYE SOUTHERN SAMPLE PQINIS REGRESSION MODELS

1.

2.

4.

2
Multiple R=.9241 F(‘,328)=19170 *=,0005 R =.8538
Variables b F(1,328) *
DISTANCE «0303 18917. « 0005
CONSTANT 3.26
2 L

Multiple R=.89855 F(1,328)=1328. *=4,0005 R =.8020
Variables b F(1,328) *

2
(DISTANCE) « 00002 1328. »0005
3+ 3 = -+ ¥ R 31+ 3 1 3 B+ 53 E B 4.3 X3 20ttt P ot R4

CONSTANT 8.52

. 2
Multiple R=.8160 F(1,328)=653.8 %*=,0005 R =.6669

154 .

- ————— . — " —— i — —— - — ——— - —.—---———————_.__.-—-.—_-———_.——_—_—:’
1+ 5+ 4+ 1 -ttt Lttt Tttt ]

Variables b F(1,328) *
LOG 10(DISTANCE) 24.4 653.8 «0005
CONSTANT -43.1 o 7///

Multiple R=.9257 F(2,327)=879.5 *=.0005 a2=.8559
Veriables > Eiyeznr % .
et I T It - -t 1t 1ttt 1+ -+ttt 3t
DISTANCE " 0248 125.7 0006
DISTANCE 2 <00000400 6493 .01

CONSTANT 4.28
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obtained for the southern sample polnta. Log transformation
and squaring ;f the distance variable did not improve the
models for this aggregation. The bemt model was obtained
from the simple 11near‘rolatlonship between c&st Fnd
distance. This model performed botfir than the other two
models when the obs:rvod values were plotted against the
values predicted tr;n these models (Figure 28)., The other
models grossly underpredicted costsy, and are not presented.

All Sample Points Modelled Iogether

All seven sample pointes in the country were then

i

modeilod 1og§ther. Flgure 29 ehows that the tendency to have
two distinct bands ie more pronounced in this model. Table
15 shows the results of the ;ogrosaion models obtained irun
this ggregation. Log transformation and squaring-of the

distance variable did not improve the models. As in the

‘'former aggregation, the best model was obtained fr&n the

. -
LY

simple relationehlp petween cost and distance. This model

.(Figure 30), performed better than the other two which are

not ﬁreeon dy when the observed values were plotted against

lcted f;o- the models.

The models %ndlcato that the alnplt‘linear felatlonshlp

the values pr

[

Ve

between cost aq§>dlatunce-1- generally mso strong that
further tranarﬁr-atibn of the distance variable did not

R * . . ' .
improve the models. A further attempt to improve the models
’ ’
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TABLE 15a. ALL SEYEN SAMPLE PQINIS REGRESSIQN MODELS

1. Multiple R=.8502 F(1,447)=1165. *=.0005 B =.7228
erianles & n mnaan o+
orsTance | .0253  llee.  .o00s
coNSTANT Ae1T T

. 2

2. Multiple R=.8301 F(1,447)=990.8 *=.0005 Kk =.6881
eetenles n TEian v
amemmmmmasesmsssmmmsomnsssoeesossssssasssssssnoess
(DISTANCE)  .000017 990. 8 . 0005
consTANT 8.1 -

2 h

3. Multiple R=.7721 F(1,447)=659.6  *=.0005 R =.5961
Variable . ra.sar o+
Too 10(DIsTANCE) 21.7 1166, 0005
coneraNT cates T

v,
o o - "2
e it A B
" Variables b F(1,446) o

;‘ETE;IEEE’———-‘*-:BISI-'-—==_==ZITI-=‘"=="-'"TSEBE_'=°
ngs:Ancz'z 00000432 6410 . 025 s
cim—scosEEsmsmo==ssssSsSsssssoosZsEssSss=SSSSSS=SS=SoEs

2t 2 S

CQNSTANTp $.33

)
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- . : 160 »

*

7. vn-‘nﬁif by oipyﬁylni dummy variables for the various
- . | ey

T locutloa- lndlo’tlna whether these locations were ln the

. R

northorn ot -outhorn pnrt- of the oountry;or whe ther they

-

S Y
vere portse. Thl- ngrouch wvas noﬂ\vory success ful.

>

J® ’ Tho only effect lt had was to rcduco tho prominence of

the dl.tluct b.nd. thct formerly appeared im tn. hﬁgregatlon

~

: N 2. %y
tor g}i -.-plo points 'hon the ob.orvqg vcluo- vo1?uplottod

aaald”t the vilu.- prodlct‘d Zrom the -ddol. This ls nat

L)

éurpr!ugna h‘cahu- the use ot du-ny vcroblo. onsblod the
Q -.dol to tuk. into sccount the general pattern of tho'

. . » ? “
trcn-port co.t- of tho-o currlor- _who opor.to -o-tly on a

’Q‘J‘,. et

-4

. nctiou‘l -cclo- ‘The' c-ouat of variation. explained by this

o

v -odo'l. was not -lcnwccg'tly higher tlun that oxplunod by

‘tho'ilnplo ltnocr form of dl.tunco, hovov.r. Tho use of

_othor varlahtﬁ. related to the loclo-ocono-lc

cbattctorl.tlc- of these -lnht have hoon more npprdbrlcto.
H;'\It vas not po-clblo to 1nv0-ti¢.to these because dctc on
e / - ¢ .
Ta .n&h vart.bl.- voro not .vsll.hlo. R

’»a\._ \,__ ‘

.

g ‘ . 'rnq ;,-odol Oh.tunod from a gl-pl.o u.noar rolatiou.hﬁ.p

AN $i~‘ em.
v M .Q-ph '.ht. quotlu m ﬂu ugm.t!on for

nnd di.ianco 1- thc best -od.l 1n both the

. ' ~nz. R L/

.
LA
e JoE

: ¢ dﬁtmedd sre grown -o-ﬂ.y in the

'
[ o




for predicting the frsn.bort costs of shipping these

) -
co-Eletlo- which are grown mostly in the southern parts of
&l,’ :A!. .- ...- . -
the country. This is because, as has already been mentioned,

-

vloép-dlqtqnco/trlp. are u-hally made because of a strong

T T . . t
. rgttragtldh for return loads and so ‘their rates tend to Bb
2 2 ~
overestimated by cnrrlor-- If the nodol obtained from

-odolp;na all the -a-plo points together is employed in

e prediction, thil may have some adverse effects. Thersfore,
L

CEAd
the -od.l ohtalnod !ro- the -outhorn sample polnt-
aggregation yblch ha- the bo-t,ovdrall fit was cqpaldoréd to
o ) . C @ . Lo ‘ . ‘ Uiy : Q
be the most adequate -odol for prodlotlng costs on those

<

. , -
links for whlch the exact co-t data were notﬁav.llabte. Thl-‘

~ 4

. simgle linear model is as follows: - ) . L .
s v o, . ) . s - ‘ s . B ‘).. . ‘
.Q Proléht Rate = 3.28.4,-0304 fDl-tincb& STy, S
: N . : , K
ﬁ" ' o

5;141 Rnxl:l& Iransporct Cost Data

4 .
i/—///) The portion of the Nigerian D‘hlvay thvork tﬁht lies .,
. » ‘

within the study uroq consists ot'tho Vestern and Easfern

»

R.llv.y Dl-trlctl which terminate at Lano- and Pert Hafcourt

-

ports, ro-pcctlvoly. 8ince thopo~¢ro_1n.tho southern part of

-~
v

the cgnatry, the actual distances lnvolv.d{.ro very short

and the longest distance by rail Llllcsg.than 300

\  kilometeras A g ' ; : :
- ) :
Data. on. the, trolabt.rntoc by rail were obtclnod g;p‘f"'fA\\

,tho ll.prl.n lultvoy COrporntlon. Tht-o co-t- wore contalnbd

in th- l;to- ‘and T-rltt CIfcuiar (rargg: Kpo 8) publiohoa by '
-

tbo c0rpor‘txon- Thlc circulsr contclno tho rallsﬂrdlaht -

L em T
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i‘-"rato-_ for all yailway 'll.nlg'q.l_n the country, therefore all

' ’ N - : .
rail coats 'u'ra obtaiﬁd from this sousce and there was no

14

L S v - . .4 . ‘
need tor d.vologw.\. to be used for predicting rail
trolw rt‘t“ ’ ‘ -

Ex"rt co--oditlo- wvere classified as Class C—'.godn and

the corronp%n% trcn-port ‘ruto- por. tqnno for .pocltlc
\ a .

' distances were ul.d. A tot.l of W dlroc't connccth.- on tho

. &y .

v‘l L N . ?'

reailway were o-ploy.’-k?i,.uro 31) In uddl ? Wy the PN 2
o8 ¢, . "‘r ‘-e‘;‘.m_"w .
Iona-—hQI- tro- ,ch vullny nodo to tho portn , "‘t‘_q "plho L

5 \U s, ’
. o-ployod la tho unuly.l.. 'rho long~haul rates -on Mtﬁ’&ny
’ - ] R " )
are 10.- oxpcn.lvo than thHS . coets on &dlrect lln.tfg‘

. .‘.,'_ “

: “ Py

‘bogt“o- the h!.gh tor-l na‘l coat- on thc 'fcl 1vay‘ heve; e
Pre

inmcf on tho raio- of the lonrhuulﬁa-hfp-odt-. 5

" The part of tho Rlvor quoc& thaf u.- vlth.ln the tren

i

ta

of -tm’u -outh of Idah. The date on the trught rﬁo by

-

v,.toryny,ﬂvor. obtaino\d’ from the Central 'ctor_ Transportation

‘-CO-p\uqy, ‘the only ¢=',¢m_snx'1y'~ A + oftor- water teinbf»o;-}tlon

Oitvlcb- on 'i'-t'n‘rcé -cil- ‘7 tho River leor- -The Rivor-

stato hrkotlu Board was the -ourco of the vaterwvay. trolaht

rate botvcon Dopn and Pm& hrcoutt bocouso this 1- tho -
L[4

-cJo't -od. ot ;truupor’t botmn tho.o plccc-. A tot.l o! 6

;n
.ntorny uaxc nn obtsl.nod (Plnn 31 All mu
’, v~'$ !

‘ cbi-iacdo In -o-t cm-

tlw u“ mf auilchho
: & lm'*liuct :cton On 5’&9 ::"1:".'5?-’.
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e 7 'ato!.ay’ dopbnct- largely on the .v.l

v

.

. a

/co-p.nblo u nuht -mhu-g Oxportcd in - the n-- typ. and -

-

“y

Y . R
%d-l- of nautical mileage data. :

S

S24:6 Iranshipsent Cost Data )
S . Y _
‘The tr.nahlp‘ont;pqlnt- are those osntres served
more than one mode of transportation (Figure 31). It is

assumed that éach transhipment point has a different node
» M . . - : :

for each mode. If the node is a port, it has an additional .,
S .

nodees This ror-utifioh enables tho cost of tranuhlp-ont.%

hotvoon all tho modes in the ccntrb to be calculﬂ%ﬁd.

A\ )
There is ay-odorn bridge ‘3 Onlﬁpha o the River

{ o~

ngor eonnoctln; Anambre und Bondol Stgto.. thoro!ore,

bnlt-ha was treated am a tran-hlp-ont contor tor road and ’

LY . .r .
'at.rvay trnn.ﬁorta;}on. Purthor north,,Agonobodo and Iduh

u

wvere troz’.@ at tron-hlg-ont roints because these two' towns

, St

are not Iiukod by & bridge and so are con-ld§¥od as

-3 .A »

tran-hlp-ont point- on oithor bank of the qu.r. Bofh town-

&

'dqf-Liqk’d by th, spprqpr}ato grnn-portﬂtion cost by

wa terwvay. ¢ T e ) ; | !

Tho co-t ot trsn-hlp-ont involving the roads and the

) .
llty ot un-klllod

lsboud vhleh 1. o-ployod in loadfng or offloeading tho'ﬂigl‘

‘F cCOoCOon or- pnl- kornot.. Thoso\ﬁwo cb-odltlo- aro

.

- -lzo ot Jutc bl'- -o ﬂn uu‘trm;umnt co-t applies to

-

both eomd.ltlu at’ uch center, ‘r!u' co.t ot ‘l.uponr tor-

%4 -

10;4!?03 .or ozttamnug tho pn&ueo at uch auans qtatlon .i.-

PR

4

-

»

K
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the handling charges ct tho,Co--odAtyIBoard- at the grading
stations. The same rates apply to loading and otfloading

_tton the truck to the warehouse, butf\hen a change of mode

) \
is involved, the transhipwhint cost is the sum of loading or

unloading by f‘o two -odo- ot tr‘ﬁ.pprt ldObtvod. Usually,

~ - ‘ .
tr-n-hip-.nt'ilﬁl involve offloading into the warehouse and

'4

’ [ 4
I\ then reloading on the different mode. ..

" The rates ranges from six kobo to thirteen kobo per bag
o E ,
‘of’broduco loaded or ott—ioadod. Tho}highost cost ot

B TN ’

¥

Qbans ot cocoa or pnln;k’rﬂ.i weigh about 1 matric

thtqﬁnA fxobo per haz was obtained ‘BrLouo- 1:d IkeJq,

o g
tonno and"thln oqti-yto wacﬁnod ih’ convortlng the rut.s
fvhlch were obtugned é;cordlna to b.gl,ththo<éhuiv310nt

‘coctcyﬁlr metric tonne. ' . ' . ) B

The transhipment coats for the prodhce 1nv8%f¥hg theg

rallvay- woro obtained dlttorontly. Qd?aliy, vhon these -

-

Railicy ‘may

of‘produco for -hlﬁbor-- There !{‘ labourorg o-ployod by the

lnllvay Corporaf!on to clour .ood- in the rqflycrd- nt the

’ .
oxp.n-o of tho owvners ot the aood-. In -o-o‘cuuyaq ernno.
\ R
& ' and othor -ochanlcul dovlco- -ay be Q-ployod wh.ro tq,-. are

N -
LR ol

” o avoiliblo?%‘f% ‘h s .ﬂ.xo;r' "t;l’t “d? ﬁ!mr tonne for.

loddinc' or'\ntthsdl'o-mdod by the ruilvay tm- the .

RN

1hlppor- tﬂ- th!.. service. This 1- th. tm-hlpunt co-t by

-

»rnllvoyo Tho same r‘t. tppllou to all th. rdlﬁay nod.-. ,
Al‘l the’ ro.?i, rall w.tu-'ay troicht rcto- and atq& the

: . ; 3
» i . N

ortako th. loadlnc or ottloudlng of the bags
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)
transhipuqefit costs employed in the model are shown in

w”

-+

Appendix IX. ' . "
- © 4 |
. | R %

,.; S.5 Suamacy ' , | V

Qe

. L
This chapter has proaontod the data used in tho\,“"

~ l

anuly-il namely, the quantltioa ot tho conqodlt.lc- purcha-od
(S1i), the do-pnd for the con-odlt.l.- a.t tl’m demand polints e

(DJ), tho -hlpplng"eo&t- for each -o‘zo o:t tra.n-pog-t aléng;

(3 ¢ * /
~both thc direct links and the "l.ogh haul. und the

e,, N L

trnnshlpmont cos ts (T!.J). It hal outlined the sources of
. \‘ A -

: & , N o e )

thobo dpta and th-.lr é-qvorﬁ,and i-ollublllty.» and' any .

- ae .

- -od!flcat:lon- of thqnb datu..‘tho apnlw_gm ot the.o datu :
ln t*he (naly-l- dre- no- prolontod.

) . M

9



'~ . Ge Chapter Six RESULTS OR THE ANALYSIS
LI ) \jl

This chapter prononththo‘ro-uk;-wozg“hd uppllcatlon of

1

3.
&

. &
the linear trogra.-lng model d.wloﬂ‘od tq tho tran.portatlon
B3

of cﬁ%oa and palm kernels in Nlaerlu in 1976/77. Thoro are

o_ N 5 3 <
- v I E Pt

% 3
M varlou- quantltlcq'of the co--odltlo- purchnaodlby thc
. .‘;_, - ,,’ > .

Connodlty Boardi 1n the dltt‘ront roglon-m The port- and fho

. ‘ ‘ B ~-;4
Y, . +,

.ind%§2:::: ndthin fhohcountry -pdcity dcncndu for -

“t S \

. & a. , . , £ « -
dities. Th, fro{ﬁht rato- or' %ho coat ot ‘ ]

’ i "'*' "t,..'.
lng a unlt of the connodrtlos on all avalltble

‘ : N et ,'z . .
rout@. are givon or hag’ hooﬁ .nti-a&odw Tho yroblo- is to'

v

dctor-lno the pattern ﬂt trunsportlng tho commodities to the

- .

- ports and the lndustrlos in -ueh a vai that the total cost

1“v°‘v°d in the s -hlp-ont ot ot*tho commodities is mimimtzed -:3qPr
) L ‘t T
%&: th.-cntiro syqto-, ‘ ‘ . . ‘N

The optimal pattern of shipments ogtalnod from the
vt , " s

v. - . T
linear programming model is the norme tive (Or ideal pattern

that 'ould',ﬁ;znlzo the total transportatidp costs incurred

4

by the Commodity Boards undbr,tho\oilstlng 1 olaht rate

i atructuro. .This sinimums co.t.-olutlon 1: etriciontgln the

‘v-on-o that th;\)go-crlhod set ot demands cannot be -;tlstio¢
at a loyor total coste Ideally, the optimal pattern could be
coiparod yifﬁ fho'dctu‘l f’lfifﬁ ;n_érd;r to anmsess its
otticlonci and to 1ndl§ato?whofhor tact;r§~othir‘fb.n

trcn-portqtlon co-t- vhlch lntlnoncc tho oxl.tlng pcttoen ot
o .

S e
v e T e Lo ; .

8-
tlov-. Uatortunstcly, Lt s not - po..lblo fo inv.dtiaséi

g
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».

tﬁll relationship because data on the actual pattern of

4

¥
\ iV

aﬁlp-ont. were not available.
. .," I3 .

In this study, knowledge of the optlnn‘hpattern,ot

, . i N

transporting cocoa and palm kernels in Nigeria is used to

indicate 'ayd ot reducing the fotal .h!pplng bills incuyrred
by the Con-odlty Boarda in rofna th.no commodities. The

LR

‘b-noditlos are -ovod from fﬂﬁ*?cgion- where they are

" purchased to the seaports by road, railway and waterways.

The reduction of total shipping bill is consistent with the

ma jor obJoctlvos of the Commgdity Boards. These obJoctlvds
: . ;

include satisfying the a{ ! mands for the conmodgtleﬁ at

all demand polnt- and 1if p e, roduclng'-hlpplng bills

7 e %

in ordor to increase their' net tlnsncial surplu-.
. Q - .
.p.
‘The major sources of short—cun lnotglclcncy in the

‘-patlal pattern of lnland transportation ot{;iport . -

R

co-odltlo- in Nigeria c.u b‘.dlutlnaulchod Y tollovs.

1. _Inpottcct -hipping patt.rn- or 1no£§$fiont llnklng ot

Y

the produclng areas for tb.-- eo-odl%lo. to the demand

% Ty .

polntq. .

2. ,Inottlcl.nt‘d '{ization of the various -odo. of -
. o«
trun-port cvcltshlo for -hlpplna tho.c con-odltl:t This

» .
-cy\bo can--d by L-prop -oloctlon of the most

»

ocononlcat -odo of tran-port.
3--“Inottlcionclon vlthln the vatloua ‘modes vhloh may arise

'ftro- vc-totut cvo-.bcul-. - L A"(;

4¢'~inqutttc£¢nt or -xcoan ﬁo-nu¢ tor tho co-odltlo- at any

v

 -of \tu do-l.ml pohfl-. 'nﬁu +y tom hm., T
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transportation costs to be ‘incurred 1n the system. Since
cocoa and palm kernels are not¢ only demanded in the
processing industries within the counfry but also ln’tho
foreign world wmarket for the co.nodit}g.,f;t is
desirabld to ship efficlently ‘}thih the entire -yato;.
The’ﬁouand dual variables (vJ) are shadow prices on the
shipping bllls'und indicate the relative bo#etl;- ot
al;:rlng demand capacities at these doquhd-polnt-.

Se s he location of the actual supply regléns f;; cocoa and

¥ : ' X
pale kernals may be 1not£1c1.n;rw1th regard to the

V)

? ‘Jocuflon of the demand polnte. The sﬁpply duat varlablesﬁ
' (ul) 1nd1cate the ro-poctivo suitsbllity of a loé%tlon
» o ot
as a supply point for these commodities. This

-uitabll{ty is of course, only°from the standpoint of

transportation costs.

N It has already boen 1nd1catqd that the railway and the
waterwvay freight rates are tlxod snd an"ghn same for all
users while the road transport tr.lght-ratos are negotiable
" but are uuppllo& exogenously in the model. The roag
transport 1relgﬂf rates of th; carfler- and th; road
‘transport differential rate of the Commodity Boards were
employed in the ;ﬁalynlso These: two po:sibilltlo- ot road
trSQPPOP?ltlon were r.tloctodvby dovoi;plhé tv; models. e
CO-fl lodol_rot.r-;to the -o;;l‘ln‘vhlcpyfho road trén-port

: - v
freight rato-.ptovlgod by the carriers havo.boinaopployoﬁo
It ias .xboct.d‘fhgt_t?iit rates will éotlict act?;l - "~~.‘

conditions in the ts&iqht transportation business in

-
4 - L3

Y - ,. .
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Nigéria. Coat2 Model reférs to the model in which the roaa

-

- _ ‘
transport differential of the Coumodity Boards have been

oipléyod..
) ° : . N
The total costs incurred in transportation by emploving

the two models are compared in order to find out which model
. e‘ -- ' . ) : . 4 ‘

would result in greater savings in the shipping billas of the
- ! . E)

Co-nbd;ty Boards: The relationship between the optimal .

v .
solutions obtained from these coste may indicate whe ther

there are inefficlencies in the rates set by the Commodity

c e

Boards. The results 6f the cosparison could form a basis tbr}ﬁ

uggest possible

improving transport p.oilcy 1::&130:{;.5.

aress of co-operation betweeny
“ \{ g '

The optimal value of'the\

progra-ning nodol is unigque but there nay be dltrerent

oards. i,
A L . -
_3 ctive tunctloﬁ of. a Ilneaz'

"co-blnatlons of shlp:tnta (le'-) vhlch yi‘ld this optlmal
value in the .y.tqn. Thus, the uolutlon to a linear

/proaraunlng problem may have other alternative flow patterns
. ' 'Q
v [

having the -a-o totul cost as the or;glnal ao?&tion ‘'The '

existence ot'-uch.altornutivo Opjllal -olutlon-'indlcste.
) . t
othor co-blnntlon.~ox flow pnttorn- th.t h‘vo the s:;o cast

on a .yato---lde ba-l.o These clteraatlv. tlov-patterns use
o haiis
dl.cusnod where thoy cur.

-

P J
~
’

% ’=
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.wmumsmmuxmnm

Cocon is grovn mnlnly in the western states of Oyo'
Ogun, and Ondo., Consld‘orahlo qﬁantl tloa ot cocoa are also
' érovn in some gther parts of the stud‘y oi-oa. The:only
- internal ‘demand point for cocoa im the Cocoa Indu-trloa
] IkeJa\(C IsAe)y and by 1976/77 the’ industry vas recq&vlng

its supply ot cocoa from the toruer Vestern Stgté lmrketlng

Board. The_ romlnder of the cocoa purchca.d by, W Boatd is
Y0

'exported. The problen is to deter-lne the opt@&wattern o‘\

‘-’Q‘

tru.napor@tng cocoa rro-‘tho -upplyﬁints td‘ I kegn

ports or the external doa*tlnaﬂ.on in such a wo.y ;

cosat '1nc‘urrqg by the Board is minimized within the syetem.

e
. D

o R o B

Rorts ' S ’ | T - y

e, o o
- The total sbipping bill 4 L 'Y XiJj Tij) obtained from
l ‘ ) o ' ) v K

'o-plo‘nng the road transport .dut'orcmtul of @’Cocoa Board

’ .

(Cost 2) is h.laher than thdt obtaingd troh Costl uodel by’

i
- ’% 6.73, porcont. This lndlcato- that the Cocba Bo)ard could have
saved "N15, 896 oy trunsporﬁt&on of: cocoa in 1976497 iz it
% “hcd enployod the acvicu ot the carrlera ln-toad’ ;)t paying ‘
‘the Ilc.ncod buylpc agontt to transport the co'oo, to the
. do-anq polnt-. This woyld have onnhloa the Board to .increase

" . ~

lt- not tinﬂclql -urplu-. . .

-

Thq/ optltal pn.ttom of -hlp-on't- roprount. the nlnlnu-

< '

g .
B N A B . L . . o . R . . %

4

.

co.t ﬂ.o'- o:! thc co-odl tl-- botvouu ttu uuppl.y rcglonl and

\\

L]



5‘ R

“a

.

. .

m(-eun-'ot tran-portu QN by .rvay on the llv.r ngcrL '.@}

1 172

L] .
the demand points. Figures 32 and 33 indicate that the

o .
spatial patterns of these shipments are falrly similare.

Generally, the demands for cocoa at Ike.ls and at the ports:-

are supplied from eround the hinterland of each demand

3
v

- - . .
point. K . . : . v

ALl the optimal shipments in both models are not

strictly made to the least cost ports for %heseAsﬁpply

rogiona»ner did all supply regions shlp‘to the éa-e,port_iu

. -
g

‘both models. Fqr exanple, Ikble and Ado Eklt}.wﬁlcﬁ shippqd
to Sapolo port in Costl lodol. -hlppod to Lagoa port in
. 4

- Cost2 Model although thouo shlp-ont- VOr. %lnn oo'f:l-m.lb' -

made in bothqnodelnz Also. Ubiaja, Azbor and Abudu thch
-]

‘shippod to Sapele porc ln Contl Mddol we re ahlpplna to Fbrt~

Harcourt port in Coatz lodol while Auchi vhlch shlppcd to

*

Sapele port in Co-tl ‘Model was -hipping to’ Portaﬂgrcourt 

IS

port in Cost2 Model, -

In Costl lo&qla the rLepoctive shlpnont- to Port

.ot -

Eqrcourt port fron Abudu. Agbor and Uhlada coot NS« 26, N4.56
-~ 4

and N4 90 sore per tonno than shlp-ontﬁ\tro- thos. plac.s to

Sonlo porte In Costz Iodol. in splto oi tbo t.ct that

o

.hipnant- trop Auchl to Port Harcourt o-ploy.d the choapor

i
th.-o lhlp-ont- atlll cost -orc thuns.hlp-onts to Sapele

- 0 .

s

..

port br N2o31 p'r tonnc. Thuo .hlp-ont. to Pox-t Barcourt

pott -ny h-vc boo'g ud. clthor to dtt,f-:ty a ltrong demand »

el e
t,or cococ .t Port nnrcontq or ey be d\n tc‘lnsutt!c:lcnt ’
[ 3 N N L ~

«m tot ooc& -.? Sapolo port. .
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,£2242 Cotimal Dual Solutlon of Cecoa Shipmenta to Ike.ia and

iba Rorits

¥hersas the physical interpretation of the primal is
stralghtforward, the corresponding interpretation of tte
dual in empirical problemm 1s not so evidentes Problems arise
with the meaning and exact interpretation of the dual
objective function aﬁ;'inoqualltie- in the dual conmtraints.
;ho standard interfpretation of the dual varlables is that ui
and vj represent the marginal values or the imputed prices

"
of the commodity at the origin and demand points,
respectively. This means that the ui's indicate the cost of
shlfjxpg one unit of supply among the Si's or origins while
the the v j's indicate the cost of shifting one unit of
demand among the Dj's or destinationse.

The U-V Algorithm employs the dual variables ui and vJ
to solve the *ransportatlon Problem. In this method, 1t is
required that a set of m¥n-1 simul taneous equations in m+*n
unknowns be solved. In the solutlon process, it is evident
that one equation (any one) 1s redundant because it can be
obtained from others. Such a system of m+n~1 equations in
ma+tn unknowne has an infinite ..mber of solutions. Finding a
particular solution requires that (mtn) - (m+tn-1) = 1
variables be arbi trarily &etor-lned.

Since one constraint is roduhdant and must he
arbi trarily determined, the conventional method discussed by

Dantzig (1958), Gass (1969) and Hadely (1962) among others,

is to set one of the dual variables at an arbitrary values in

[
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order to molve for the remaining dual variables. The

equatlion usually onpl‘yod in obtalning the remaining ui'e

—
s

and vj'ms |is as.tollov-:
CijJ - ut - vy = 0, it X1 j is basice.

This means that the dual variables are not jnlque;y
determined, and the constraint, ul, vj 2 0.‘13 no | nue«:
rolpoctod; since *remne variables ui and vj are unrestric ted
as to signe.

Smillie (1972), in compliling the FORTRAN progrem
LPTRNS, which was employed in this analysis, noted that °
-ui) is the value of one unit of the commodity at the ith
origin. and vj is the value ot one unit of the commodity at
tre j+h Aestinations The (-ui) measures the comparative
lo.stione value of the origins and the vj the comparative
locat:ona . value of the destinations. He set the lowest ul
equal +- zero in order to solve for the remaining ui's and
vi's, thorotofe the standard interpretation as marginal
values is no longer possible. It is the differences between
the lmpli.it prices ul and vj, not the actual values of the
dual variables that are important. These differences are
relative cost factors and indicate how the supply or demand
regions stand in relation to each other as supply or demand
points.

Although the results obtained from the FORTRAN program
LPTRNS indicate the relative differences between the supply
and demand points, they are not very satisfactory Qnd in

some casees negative vj values which are difficult to
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interprete were obtained. In order to make the results ,
. eoaslier to interprete, the highest ui value was subtracted
from all the ui'es and algo added to all the v j's. The
results obtained are more straightforwvard and indicate the
relative ditfferences in costs between the supply points
(ui's) and between the demand points (vj's).

Thue, supply regione with high values of ui are more
favourably located for producing cocoa than supply regions
with lower values of ul. These are appllc;blo 1t overall
supplies or demands are to be increased or when
investigating the savings in shipping bill-*ihlch involve
thq entire system. Cocoa supply should tberoforo be
lngroa-od in the areas with higher values of ui since it
will result in greater savings in the shipping bill of the
Cocoa Board to expand productlonvln such places relative to
other supply regions. Similarly, demand pointi with high
values of vj are those demand points where increased demand
for cocoa would result in less savings in the shipping bills
incurred in the system. Such demand constreints are costly
to the system and the demand for cocoa in such places shoﬁld
nd* be increaseds On the other hand, increasing the demand
at points with lower values of vj would resgult in greater
savings in the shipping bills.

Figures 34 and 35 show the respective spatial patterns
of the optimal dual solutions of the supply points (ui) for

cocoa when Costl and Cost2 are employed in the model. These

patterns generally indicate that the areas around the demand
<
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polnts or ports are the areas best located for cocoa
production 1f shipping cost were the only fgctor to b: taken
into consideration. The values of ui are higher around these
ports and decrease northwards to the areas in the interior
which are least favourable for cocoa production because they
involve hl;hor shipping bills. In both models, Port Harcourt
with the highest ul value of 1597 in Costl Model and 2169 in
Cost2 Model is the mupply point that 1s most favourably
located for cocoa production This is undoubtedly related to
the function of Port Harcourt As a demand point for cocoa

because its demand constraint is the most costly to the
system.

Table 16 1llustrates the relative costs of changing the
demand capacity for cocoa at all the demand points. In both

LS

models, the comparative locational values Jg;iho demand
points are similar since these dostlnatlonnbstand in the
same order with regard to increasing the demand capacity of
cocéa in these models. Port Harcourt port (vj = 1674 in
Costl Model and vJ =2264 in Cost2 Model) is the most

expensive locatlgn for increasing the demand capacity for

cocoa..Cal.bar port with vj value of 984 in Costl Model and
. 1

vj value of 1325 in Cost2 Model is the least expensive
demand point for increasing the demand for cocoa. Other

.

demand points fall in between these two extremes in the same

order.

In Costl Model, to increase the demand capacity for

cocoa at Calabar port will reduce cost by 690 (1674 — 984 =
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NAME OF DEMAND POINT VJ IN COST1 VJ IN COST2
PORT HARCOURT 1674 2264
LAGOS 1661 2251
IKEJA (C.I1.A) 1631 2205
SAPELE 11585 2033
CALABAR 984 1325

690) wore than at Por‘rcourt porte. Therefore, the Cocoa )
Board will incur higher shipping bill {if demand for cocoa
vere expanded at Port Harcourt port than if demand were
iIncreased at Calabar port. Similarly, 1déroaslnn the demand
capaclty for cocoa at Lagos and Port Harcourt ports will
increase the shipping bills incurred by the Cocoa Board than
i1f demand were lncreased at Sgpole and Calabar ports. To
increase desmand for cocoa at Ikeja, ;ho only internal demand
point for cocoa is more oxpenslve’to the sysatem (647 ) than
increasing demand at Calabar ports It is also more costly to
increase demand at Ike ja(476) than to increase demand at
Sapele porte. Similar rotatlonlhlp. were also obtained from
the optimal dual solution of the demand points (vj) tro;
Cost2 MNodel.

On the wholte, Port Harcourt is the 199-t favourable
demand point for lncroa.ing cocoa demand under the system of
cocoa supplies and demands of 1876/77. This explains why it
was also the most favourable supply region for expanding
cocoa supply. This 1s expected because the shipping blll; of

the Cocoa Board would naturally be reduced if the supply of
(]

q
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\
cocoa were {increased in the demand point where it iIs most

expensive to increase demand.

The results obtalhod from the optimal solution and the
dual solution to the cocoa shipplng problem in Nigeria ‘
indicate that apparently suboptimal shipments which are more
expensive to the system were bo}ng made b:cauac of the
nature of the demand for cocoa at the r.spocflvo demand
pointes. The ;olatlve coste of shifting demand capacity at
these demand points suggest that there may be advantages in
shifting the actual demands at the ports. The results of the
models suggest that the Cocoa Board could have n;vod more on
'shlpplng bills 1f the demand capaclty for cocoa at Sapele
and Calabar.were increased whereas expanding the demand ior
cocoa at Port Harcourt and Lagos ports would have increased
the shipping bills 1nc§rrod by th; Board in 1876/77. Sigpce
the cocoa ;o-undod at the ports is for export, it is not
necessary that these port demands which are expensive to the
Board be .&rlctly adhered to. These demands could'be
ad justed by allowing the supply points to ship directly to
the export market. These relationshipe and results are
further investigated when the demand at one destination, or

the outside world is considered.

62240 Linkage Allocation and Modal Composition of Cocon

Shiomentis to Ike.a and the Paorts

Apart from shipping optimally to the ports and the

demand points, inefticienciea in the cocoa shipping pattern
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.
in Nigerla may arise from inefficient utitlization of various
modes of transpertation. This may be caused by improper
selection of the most economical modes of transport for
given rgclon.l patterns of supply and demand for this
commodity. The costs of transhipment have been provided at
the tranahipment centres which would allow inter-modal
transfers to be made, Flgures 36 and 37 show the respective
linkage allocations on various modes of transportation
obtalned from Costl and Cost2 Models. Generally, long-hauls
were pr&ibrr.d to the hauls on the direct links because they
are lems expensive than total sum of the short hauls. The
demand for tocoa at the cocoa industry Ikeja (C.1.A) was
supplied f;;-zAbeokuta on both modelss Thie shipment was
made by ratl bocauac'lt is cheaper than shippling by road on
other available routes.

In Costl Model, only the cocox producing areas located
on {;o Vestern Railway Dlstrlct:shlppa; to L;goa port by
rall while Aba:and Umuahia on the Eastern Railway District
shipped to Port Harcourt port by roade. Thls'-a§ indica te
that the r:nd freight rates of the carriers are often less
expensive than ralil freight rates for short dl-t;ncos- This
may be ;ttilbut.d to the fact th;t the freight rates for
short hauls by rail are influenced by the high terminal
costs for this modee Apart from the cocoa shipments on the
rajilway already mentioned, and.the cocoa shipment from Awka

which transhipped to_the River Niger at Onitsha, all the

other shipwents in this model were made by roads; and all by

’
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long-hauls. Thus, this model seews t0 be emphasizing that
most of the cocoa -h{p;;nt- to the demand points should be .
made by road using the road freight rgtes of the carriers.

A different pattern of ;od.l utilization waw obtained
from Cost2 Model (Figure 37)e In th%- model, mall cocoa
producing regions along both the Wemtern and Eastern Rallway
Districts transported cocoa by rafil to olfhcr Lagos or Port
Harcqurt ports. In addition to theme, six other producing
reglons in the west (Ogbomosho, I jero Ekitl, Ikxole, Ado
Ekiti, Ijebu Ijesha, and Ilesha) started-off by road but
transhippged to the railway at either Ikirun or Oshogbo  and
from tho-e.polnf- to Lagoq port. Theme shipments were all
long~hauls from Ikirun and Oshogboe+ Awka and Auchil also
started-off by road butrtranshipp.d to less expensive

i X '
waterwvay tran{:ortatlon ‘t A;cn.bodo and On{i teha,
respectively and from these places to Port Harcourt port.

Cost2 Model involved more transhipments petween the
modes than Costl MNodel. Costl Iédal suggested that only 40.6

percent of the total cocoa exported through Lagos port be
S

shipped by rail while Cost2 Model suggested that as much as

60.8 percent of cocoa exported through fLagos port be shipped

by r‘;}\ Similarly, Costl Model did not -qﬁg..t ;r-t any’

shipments of cocoa through Port Harcourt be made/by rails On

the other hand, Cost2 Models suggested that the tocoa. from

Umuahia, which constitutes 48 percent of total shhpmente

YN

through Port Harcourt port, be made by rail and 15 percent

- » .
~

he made by waterway.

. ) .

AV
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Thus, 1t would meem that although the road transport
dlft’fontlal set by the Boards encourages the use of the
railway wore that the rates set by the carriers, 1t {is
pon.lblo.tor the licensed buying agents to afgld ehipping by
rall,lf they obtain the cheaper negotiated rates ot-thc
carrilers., In fact, the Cocoa Board could have been shippring
more o}flcloqtly either by employing the cerriers instead of
the buying agents or by employing the services of the agents
and tranahlppln; to cheaper rail or waterway -od;s. These
,findinge’ are contrary to the present system o1 marketing and

transporting .export commodities in Nigeria. The Commodity

9 v v

. Boards continue to employ the mservices of the licenced

4
4
buy{nq;aagnts in spl te of the higher shipping bills they

incure. Thess higher bi lls cannot be justified unlees there
2

’arcyotheﬁ noﬁ-ocononlc functions which the agents perform

~ s
for the Commodi ty Boardse.

3

2
-

" The naJor“oanctivo of the Commodity Boards is not only

. to get t%o commoditiesi to the ports but to actually get them

to the for%;gn -a:kifn or the outside worlde The results of

: . o -
the models indicate that the nature of the demands for cocoa
at the pgfta lead to apparent sub-optimal shipping patterns

involving higher shipping bills. Therefore, further

o
(7

investigation was cartried out in this direction. The ports

dq-and_tho;e commodities, not for their own consumption but

R
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in order to ship thep to foreign markets, It wams, therefore,
consldered appropriate to compare the results of the model s
obtalned from the given port demands with the pattern of
demand that would minimize total‘;hlpplng bille from the
supply points directly to the forelgn market.

The same problea was rofor-ulgted in a different way 1in
order to investigate whether the pattern of port demands
could be adjusted to onablq a more efticient Iinternal
shipping pattern and still satisfy the demand by the forelgn
markets. Thls may reveal whether the given export demand
schedules are inadequate with respect to internal shipping
bills incurred by the Commodity Boards.

All the foreign markets were lumped together as one
ma jor destinations. The study is concerned with the pattern
of transportation within Nigerla and not with how the
commodities are transported to the respective European and_/
North American markets. It i1sx also assumed‘that once these
commodi ties leavg the Nigerian ports they will be eventually
sold in these forelign markets in order to obtain foreign
exchange. It was, therefore, a logical pragmatic approach to
consider all the demands formerly made at the various
seaports to be madegsat this‘ one -aJof destination or forelgn
market.‘ihls tormuiatlon will enable the effect of
alternative port demand and port policies on internal
shipping bllls tq be determined.

Since the demands formerly made at the ports were now

assumed to'be made at one major external destination the
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ports now have zero demand and were treated as transhipment
points:. They were connected to this ma jor destination by
links of equal transportation cost. A nominal cost of N1.00O
was employed, and this was subtracted from the total
shipping bill for each solution obtained in this formulation
in order to make them comparable with the earlier models.
Theme adjustments made it possible for the origins to
ship to any port and presumably this should be the leart
cost port because the external demand can be satisfied
through any of the ports. Thus, this reformulation of the
model emphasizes the important assumption that the Commodity
Boards are free to ship export commodi ties through any of
the ports in order to minimize shipping coets and increase

their net financial surplus.

642,05 Optimal Pattern of Cocon Shipments to lke.da and Qne
Ma.or Restination

The total shipping bill ( X Xi4J Tij) obtained from
all the models in this reformulation were lower than their
corresponding -odels.ln'the earlier formulation. The lower
total coste of thcs; models indicete that a more
rationalized demand for coéoa at the ports would
considerably reduce the inland shipping bills incurred by
the Commodity Board for transporting cocoa in ngerla.irhe
total shipping bills in Costl Model to one major destination )
is 93 percent of the oarfﬁor -od.llvhilo in Cost2 Model to o

4

one major destination, the total shipping bill is 98 percent
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of the earlier model. Thus, this 1 forsulation roshlt in
greater savings iIn shipplirg bill for Costl Model (N158,699)
than for Cost2 Model ( N46,707). This indicates that in terms
of the road transport differential rate of the Board the
exilsting demand system at the ports was only 1.9 percent
inefficient while the same syute-bvas 7 percent inefficlent
in terms of the road transport reight rates of the
carriers. This suggests that althoygh the/fates set by the
Board were originally higher than th rates set by the /
transport firms, the Board ra tes were also more oriented to
satisfying the existing port demand for cocoa than to
satisfying the demand for Nigerian cocoa in the external
destination or forelgn market.

The total cost of the model obtained from employing the
road transport differential of the\Counodity Boards (Cost2
Model) is 12.6 percent hlgh;r than the total cost of the
-odelfbptained from the road freight rate of the carriers
(Costl Nodel). This indicates that if it is assumed that the
Cocoa Board were already employing the roa§;tr;nsport
freight rates of the transport firms, i1t would have saved an
additional 5.78 percent of this former total shipping bill
in 1876/77, by adjusting the do;and schedules for cocoa at
the ports as well.,

Figufos 36 and 39 indicate the respective spatial
patterns of the optimal shlp-ent; through the ports to one
ma jor destination when Costl and Cost2 are employeds. In both

models, the inefficient long-haul ahlh-onts from Ikom and

4
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OgoJja to Port Harcourt were eliminated and both supply
points now shlpped optl;ally through Calabar port. The
unpnecessarily expensive long-haul shipments from Ublaja,
Agbor and Abudu to Port Harcourt port in the former Costl
Model and from Auchi to Port Harcourt in the former Cost2
Model were eliminated and these ports shipped through their
least cost port of Sapele. The shipment from Iwo to Sapele
in Costl Model is an apparent anoﬂaly. It may have been
possible that shippers sampled ;rongly underestimated the
cost from Iwo to Sapele port or overestimated the cost from
Iwo to Lagos port.

There are a few minor di fferences in the patterns
obtained fro;.thc two models. ¥hile Ikxot Ekpene shipped
through Calabar port t6 one ma jor destination in Costl
Model, it shipped through Port Harcourt port .in Co-}2 lod?l.
The spatial pattern of shipwments obtained from Cost2 Model
indicates the tendency for supply regions shipping through
the ports to the external destination to be more
concentrated in definite hinterlands above these ports than
the patto;n obtalned from Costl Model. Thus, while the
hinterland ior Sapele port lnélude- such placo; as Iwo; Ifte,
Ilesha, I jero Ekiti and Awka {in Co;t2 Model (Figure 38) it
did not extend to these places in Costl Model (Figure 38).
This may be attributed to the fact that the long-hauls give
. a greater uqrantcgo in shippling co-tifvhon the road |
transport freight rates of the c;rrlor- (Costl) are

employed.



194

£2 226 The Snatial Pattern of the Qutimal Dual Solution of
Cocon Shipments to Ike.ja and Qne Ma.dor Deatinatlion

The respective spatial pattern of the optimal dual
solution of the origins (ui ) obtained for the cocoa shipping
problem to one ma jor destinatlon when Costl and Cost2 are
employed in the model are illustrated in Figures 46 and 41.
As in the earlier models, these patterns lndlcgt. that the
greatest savlﬁas in shipping bills will be incurred if cocoa
wvere produ;od in the immediate hinterland of these ports. In
both models, Calabar, Port Harcourt and Sapele ports have
the highest relative ui values of 1258, 1255, and 1259 in
Costl Model and 1641, 1637 and 1641 in Cost2.lod¢l,
respectively instead of Port Harcourt port that had this
highest relative value in the earlier models. Therefore,
these places are best located for ﬁroduclng cocoa if
shipping bills were the only factor to be takennlnto
consideration. The relative shipping cost decrease from
these ports towards the Iinterior which are less favourably
located for increaeing cocoa supply. The decline is more
gradual in Costl Mode’' tnan in Cost2 Model.

The relative value -+ the dual variables of the‘do-and
points suggest that it ». . 1 cost more to increase demand
capacity at the external destination (1450) than to increase
demand at Ikeja (1320) in Cest! Model. Similar results were
also obtained from Cost2 Mode! in which the external
do-tin&tloh had a vj value of (1832) while Ikeja had & value

of (1702). Thus, more processing of cocoe within the country
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will reduce the shipping blll of the Cocoa Boarde.

Q2.7 Linkage Allocations and Modal Compomitiopn 9f Cecos
Shipmsnts to Ike.a and Opne Ma.or Rastination

Generally, the models performed in the same way ams
their respective equivalents. Costl MNodel stlli makes more
shipments by road than Cost2 Model. As in the former mode L,
only the cocoa producing areas along the Western Rallway
District shipped cocoa by rail in Costl Model (Figure 42).
Similarly, Cost2 Model still lndicatoa the preterences for
transhipments to the railway. As in the former model, all "
cocoa producing regions on the Eastern and Vestern Rallway
Districts shipped by raile In addition to these, four other
supply points in tge west (I jebu I jesha, Ilesha, Ijero Ekiti
and Ogbomosho) transhipped to zh. rail at elither Iklruhvor
.Oshogboﬁin order to ship through Lagos port to the external
destination. This model suggests that 60.2 perceut of the
total shipments of cocoa passing through Lagos port to the
;xtcrnul destination be made by rail. Awka still ships to
0nl¥'h¢ where it trcgships to the less expensive route by
waterway on the Rl;or Niger in order to ship throuah Port
ﬁarcourt port to the external destination (Figure 43).

The preference for trdnshipwent to the cheaper modes in
Cost2 Model may be reflecting the adverse effects of the
expensive road transport dltt-rontlallot the Commodi ty
Boards. Tho!o rates seen to be so high that many shipments
that ;tartod-otf by road are still less .xpo;nlvo after

AN
A
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Incureing transhipment costs to tra fer to rail or waterway

than continuing on. the roade in this model.

6228 Disacumsion on the Relative Chaonsea in the Pattern of
<«
Cocon Shipmania Ihrough the Parta

The results obtainod fdm the models for shipping cocoa
t0 one ma jor destinetion indicate that the present pattern
of demand for cocoa at the ports is Inadequate with respect
to the shippling bill incurred in cocoa shipments for exporte.
Table 17 sumwmarizes the actual gquantities of cocoa shipped
through the ports under the different formulations of the

problems The highest percentage of cocoa is actually

‘demanded at both Lagos and Sapele ports. These two ports

also have the highest proportion of shipments made through

them to satisfy the demand at the external destination.

TABLE 17. PERCENTAGE OF COCOQA SHIPMENIS IHROQUGH IHE EQRIS

NN N NN TSI s T R s m=m ===

St T o S e o A e ——— ———— o
bt B+ S S A S L T T+

Name of at the Ports Costi\Denand Cost2 Demand
Port Quantity iTotal,Quan‘lty %Total Quantity %Total
LAGOS A 173753° 78.5 127841 57.8 162103 732
P. H. PORT 8580 3.9 4715 2.1 4691 2.1
CALABAR 4444 2.0 7143 3.2 7053 3.2

SAPELE 34521 15.6 78858 36.1 479801 21.6

A oy - 209 S e e e e o o AP o S o S S At S ——— et S Sam At S i e e o e e o e e sy e e i e e e o
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Vho;ea- th’ percentaae ot cocoa shipped through Port
Harcourt and Calabar ports to the external destlnatlon’
réemained the same in both Costl and Cost2 Models (2.1% and
J¢2%, respectively), Fhe percentage of cocoa shipments
through Lagos and Sapele portae changed. The quantity shipped
through Lagos port increased from S7.8% in Costl Model to
73.2% in Cost2 Model while the quantity shipped through
Sapele port decreamsed from 36.1% in Coetl Model to 21.6% in
Cost2 Model. *

Table 18 shows the relative percentage of cocoa
shipments when the demand at one external destination was
considered. These were obtained by compurlkt~thq percentage
of shipments through these ports in Costl and Cost2 Models

to one major external destination with the actual percentage

of shipments through these ports.

wmwmﬁmﬁucmmu&ﬂsmzu
EQRIS IO ONE MAJOR DRESIINATION

ERE S 2 2~ F 5 2+ 4 5 - 5t F + ¥ 3 X X N X X _—_— s E=mEco==

NAME OF PORT COST1 MODEL COST2 MODEL
P L S T T R
LAGOS ~20.7% -5.3%

PORT HARCOURT -1.8% ' -1.8%

CALABAR PORT +1.2% +1.2%

SAPELE ' +20.5% ' +6oo’

I T S N . . o o e e e o T T T T o o o o o o e e T T e e e e e T S o o > = i e e e e o
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There was a decrease in the relative percentage
shipments ;hrouah Lagos and Port Harcourt port in both
models while there was an increase in these percentages at
Calabar and Sapele ports. The magni tude of these percentage
changes remained the same in Port Harcourt port and Calabar
port in both models (-1.8% and +1,2%, respectively). The
critical ports are Lagos and Sapele. The relative decrease
in shipmentes through Lagos port was -20.7% in Costl model
while the corresponding increase at Sapele port was +20.5%.
In Cost2 Model, the magnitude of fhese changis were lower
but they followed the same general trend.

Thus, the results of the analysis lndlcatc’;;at more
saving in shipping bills will be made if demand for cocoa at
Lagos port 18 reduced while the demand for cocoa at Sapele
port is increased. The same findings apply to Port Harcourt
port and Calabar port glthough to .a lesser degree. The
implications for these findings toward formulating a more
eificient transport policy in Nigeria, and recommendations
for tutgro research resulting from these findings are

di scussed in the next chapter.
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622 The Palm Kernel Shicoing Problam

Palm kernels are produced in the southern forestlands
of Nigeria and their area of production is more widespread
than that of cocoa. In addition to large quantities of palwm
kernels exported annually through the porte, there are five
palm kernel crushing mills that demand various quantities o1
.this commadity. Three of these, Awka (Palmke), Orlu (Niproc)
and Abak (Palmil) are located in the east while the other
two Warri (Evoc) and Ikeja (Avoc) are located in the west.
The tfelght rates or the cost .of shipping one tonne of palm
kernels on all available routes are the same as that for
cocoa. The problem is to determine the pattern of shipping
palm kernels to the ports in such a way thdt the total ~_

shipping bill of the Palm Produce Board is minimized and the

patterr of shipments 1svoptimal for the whole system.

6ed.1 Optimal Patterns of Pals Kernel Shipments to the
internal Demand Points and the Ports

The total shipping bill ( = ¥ Xij Tij) obtained from
employing the road transport dittorontlai of the Palm ?
Produce Board (Cost2) is higher by 2.5 percent than the cost
obtained from the road trqlght.ratop of the carriers. Thus,
the Board could have saved N63,799 on shipping palm kernels
in 1976/77 °it it had employed the services of the carriers

inatead of paying the licensed buying agents to undertake

these shipments. Although the percentage saving is lower
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than that t?r cocoa shipments, the actual amount of savings

is greater by N48,672 because larger gquantities of palm

kfrnels are involved,

T~

The minimum cost flows of palm kernels between the

producing regions and the demand pol*{s are fhe shipments
(X1 j's) that appear Iin the optimal solution. Costl Model has
four alternative optimal solutions (Figures 44 to 47 ). These
solutions consist of other combinations bf shipments that
have the a;me total cost on a system-wide basis. Figure 44
is the first optimal solution and is the pattern of shipment
that is subsequéntly discussed. In the second alternative
optimal solution (Figure 45), Okitipupa shipped to Sapele
port instead of Owo shipping to Sapele port. In the third
alternative optimal soiutlon (Figure 46), lkole instead of
Owo shipped to Sapele porte In the fourth alternatlve;
optimal solution (Figure 47), Abudu shipped to FPort Harcourt
port inastead of shipping to Warri port. These alternative
shipments indicate that i1 f Owo does npt ship palm kernel to
Sapele port, either Okitipupa or Ikole can ship to Sapele

* . ’ -
port at the same cost to the system. Alsoy, Abudu can either

ship to Warri port or Port Harcourt port at the same cost to

the system.
0 1y

Figures 44 and 48 illustrate the.reapectlve spatial
pqttern‘§t palm kernel shipments when Costl and Cost2 are
e-ploye@. Al though tﬁorc is the general tendency for the
supply ot.palp kernels to the crushing ;llla and the ports

to be made mostly from arocund the hinterland of These demand
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pointg, there are several long cross-hauls involved,

As in the case of cocoa, the optimal shipments in both
models are not strictly made to the least cost demand points
of the producing reglons nor did all supply regions ship to
the mame demand points iIn both models. For example, Ikole
shipped to Warri port in Costl Model but to Lagos port in
Cost2 Model. Ondo shipped partly to Sgpolo port and partly
to Lagos portAin Costl Model, but shipped enilroly t0 Sapele
port in Cd;t2 Model. Awgu shipped to Port Harcourt port in
Costl Model but shipped to Awka (Palmke) in Cost2 Model.
ogoja, Afikpo and Akamkpa shlépod to Port Harzfzrt port lﬁ
Costl Model but all shipped to Calabar port in Cost2 Hodei.

Part of the demand for palm kernels at Abak (Palmil)
wag supplied from Uyo in Costl ;;dol but this demand was
supplied from Ikot Ekpene in Cost2 Model. Similarly, part of
the demand for palm kernels at Ikeja (Avoc) was supplied
from Ila;o in Costi Nodel but this demand was supplied from
Eruwa in Cost2 Model. ,

f24

In both models there are expensive long cross-hauls to
Port Harcourt port. The spatial pattern of the optimal N
shipments (Figures 44 and 48) indicates the tendency for the
hinterland of Port Harcourt to encroach on the hinterland of
Calabar port in Costl Model, and the hlnterlagda of Varel
and Sapglo ports in Cost2 Model., This encroachment is such
that in Costl Model, Ogoja, Akamkpa and Afikpo shipped +to

Port Harcourt port at higher costs (N1.42, N2.16 and N1,34

per tonne, rospoétlvly) than shipping to Calabar ports In
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Comst2 Nodel hovo;or, all three supply regions shipped
optimally to Calabar port. Sl-ilarly,.Auchl and Ubiae ja
shipped to Port Harcourt port ;t higher coste than el pping
to Warri or Sapele ports in Costl Model while in Co§t2
Model, Auchi in addition to Ikerre, Ikole, Sabongida 6ra,
and Igarra shipped to Port Harcourt port., All these
shipments to Port Harcourt port were ,ade at higher costs
ranging fro- N2,31 tq N6. 30 pof tonne than shipping to
oltho; Warrl port or Sapele port.

In both models, most of the mhipwments to Warr] port
could have been made to Sapele port at a lower cogte For
example, shirments fro-“Okitlpupu. Agbor and Abudu ;o Varril
port in Costl lod.l.énd from Abudu to Warri port in Cost2
Model are more expensive than shipwents to Sapele port Iin
each cases In the same way, shipments to Lagosrport from
Ife, Iwo, Ondo, Il‘sha and I jero Exiti could have heen made
to either Sapele or Warrl port at a lower coste Thus, there
are several costly shipments of palm kernels which are made
in order to satisfy the ;.-and at the ports,.

There are also other costly shipments that were made in
order to satisfy the demand for palm kernels at the internal
demand points. It would have been cheaper for Ikot Ekpene
and Uyo in Costl Model and for Uyo, Obudu, Ikom and Itu to
ship to Abak (Palmil) then for tho-; supply regions to ship:
to Calagar porte. Awgu shipped at a higher cost of N2.03 per

tonne to Port Harcourt port in Coatl Model than shipping to

Avke (Palmke) but in Cost2 Model it ships to Awka whereas i
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would have been slightly choapug if 1t had mhipped to Orlu
{Nlproc). In both models, Enugu, Oniteha, Owerrl and Nsukka
shipped to Port Harcourt port whereas it would have been
cheaper i1f they had shipped to Awka (Palmke) or Orlu

( Nlproc)e.

Further south, Okigwil and Awgu in Coétl Model and
Umuahis and Okigwl in Cost2,lod.1 shipped to Port Harcouff
port at higher costs than ah%pplng to either Orlu (Niproc)
or Abak (Palmil). Also, Aflkpo and Ikot Ekpene could have .
shipped to either Orlu or Ahat at a cheaper cost than thelir
renpectlv:\hhlpments to Calabar and Port Harcourt ports in
Cont2 Model. All the costly shipments to these demand points

may have been made in order to matisfy the high demand for

ipalm kernels at the ports or due to insutficlent demand for

thlis commodity at the crushing mills.

623:2 Optimal Dual Selution of Palm Kexrnel Shipments to
Internal Demapnd Points and the Poris

Supply roglona)vlth high relative values of uli are
those regions that are more favourabdbly located for producing
palm kernels, Therefore, the Palm Produce Board will incur
lower shipping bills if the supply capacity for palm kernels
were increased in such areas. Figure 48 illustrates that in ..
Costl Model, there is the tendency for the areas with the .
hlghos¥ ui V;luon to be concentrated around the seaports,

namely, Calaber, Port Harcourt, Warri and Sapele: Thus, the

expansion of palm kernel production in such areas will

-
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result In the greatest savinge in shipping bill for the Palm
Produce Boarde The savings in shipping bill to be incurred
decreases from these ports towards the interior.

Port Harcourt port with the highest ul value of 1606 1ms
the most favourably located smupply point for increasing the
msupply capacity of palm kernel whereas.the area around
Ikole, I jero Ekxiti and Ado Ekitl is most unfavourably
located for expanding the supply of palmw kernel since thepe
supply pointeg have the lowest ui values. Therefore, the
Board will incur the greatest saving in shlpplng bills i¢
palm kernel supply ware 1ncr.a§ed at Port Harcoirt and
surrounding sreas. )

In Comt2 Model ( Fdgure 50), the velues of ui are stltij’s
highest 1In the south, and decrease towards the interior byt
the conqontretlo? of Lowest values around the porte is not'

as distinct ag in the model obtained from Costl. Port

Harcourt port and Calabar port and‘thelr.lmnediate

o
-

hinterlands have the hlghest relative valuda of ui. Thes®
values decreiaé toward th; wide region directly above theuh

. ¥
which includes Sapele and 'eri‘ports. Whereas Port Harcowrt
port had the highest ui v;lue (1606) in Costil lod&i, it wasg

v

Calabar port that had the highest ui value of 2469-1n Cos{2
Model. fhosé rolation-hlps.lntluoncc the rel@fivo costs /of
lnqroaalnd.déqund capacity at both poits in the~nodels.\:u
in Costl Nodel, the area with) the lowest rol;tivo anu.s.at

ul occur around Ikole, IJero'Eklti and Ado Eki ti although

this erea is more extensive in Costl Modeél than in Cost2
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Model. The Palm Produce Board will 1nc9¢ higher shipping
bill if supply of palm kernolg were increased in this area.
The vj's indicate the relative cost of increasing the
demand capacity for palm kernels among the v ji's or /h_/
destinatidns. Table 19 illustrates the relative costs of
changing the demand capacity for palm kornelg at alf the
demand points. Orlu (Niprooc) with a vj value of 804 in Costl
Model and 1547 1n;7ost2 Model is the least expensive demand

point for increpsing the demand capacity for palm kernels.

—— o

Apart from ;his demand point that had the same relative
value as a do;and point in both models, the comparative
locational value of all the other demand points for palm
kernels changed in both modelse. Thise is éontrary td the
results of the cocoaAahlpping pr&biem. where the comparative
locational value oi ;ll'the domand points ro’alnod unchanged

in the two mogela.
In #&ostl Model, Port Harcourt port (vj =1701) and Lagos
port (vj = 1661l) are the most costly ports for increasing

the demand f&?.paln kernels, while Sapele port (vj = 1155)

is the least expensive port Yor increasing the demand for
% o

LR e

palm kernels. To increase the demand for palm kernels at

Port Harcourt port will cost the Board 284 (1701 - 1417 =
284), -qfo than increasing demand at Calabare. It is -also
mo re ;xponsive to increase do-and at Lagos port tﬁun to

increase demand at Warri aef/Sapelo ports. These indicate

that the Palm Produce Board will incur hléher shipping bills

it do-and”capacityhfor palm korn.}n were increased ot Lagos

L
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IABLE 19.THE DEMANR DUa. SOLUTION OF PALM KERNEL SHIPPING
PROBLEM IQ INIERNAL DEMANR RQINIS AND IHE PQRIS :

Ae
NAME OF DEMAND POINT VJd IN COSTI1
PORT HARCOURT PORT 1701
LAGOS PORT 1661
IKEJA (Von) 1650
CALABAE PORT 1417
WARRI PORT/EVOC 1272
ABAK (Palmil) 1225
SAPELE PORT 11585
AWKA (Palmke) 1098
ORLU (Niproc) 804
Be
NAME OF DEMAND POINT VJ IN COST2
> 5t >3 543 33+ 3 L B T X X -F P+ S+ 5 354 S L5 3 3 T === TsT====
CALABAR PORT ) 2560 i .
PORT HARCOURT POR1T 2403
AWEKA ( Palmke) 1950
IKEJA (Von) 1934 .
ABAK (Palmil) 1927 e
WARRI PORTZEVOC 1923
LAGQOS PORT 1886
SAPELE. PORT 1724
ORLU (Niproc) 1547

D N T O T T o T o o T o T o o o T o o o T e o 0 o 0 o Tt o v e e s T o = o o S e e e e e o o o e
e e R R Rkttt 4 S S L 3+ 5+ + 3 3+ 3 o 5 3 T

and Port Harcourt §orts than 1f demand were 1ncrqased at
Calabar, Sapele and Warri portse. These results are similar

t6 the results of the cdcoa shipping problem in which Port

O : .
Harcourt and‘:ago- ppgt. were tye most costly ports for

expanding demand.
The results obtained from the Cost2 Model for the palm
kernel shipping problem is quite different and indicate that

Cal‘bar port (vj = 2560) is the most costly port for

-



oipcndlng demand than all the other ports in the system.
Cost2 Model suggests that in order to reduce the shipping
bill ot the Palm Produce Board, the demand capacity at Port
HArcourt, Lagos, Sapele and 'arri ports but npt Calabar port

should be increased.

Port Harcourt is the most cogtly demand point for
1

1

|
increasing the demand for palns kernels in Costl Model while

Calabar port is the most costly demand point for increasing
demand in Cost2 Nodel, Thoe; demand points were also the
most favourable supply points in the respective models since
the poard would be saving most on ahi;plng bills it it
dxpanded pro&uctlon in the most costly demand points.

Ikeja (Von) is the most expensive internal demand point
for increasing the demand for palm kornola'ln C63t1 Model,
To Increase the demand for palm kernels at IkeJ; wl}l céet

.»more by.425, 846, and‘552 than expanding the demand at Abak
(Palmil), Orlu (Niproc) and Awka (Pﬁlnko), respectively. In
Cost2 Model, Awka (Palmke) and Ikeja (Von) are the most
coatly lnt;rnal demand points. In bo;h model s, orlu (N;proc)
is the least costly internal demand polht for palm kernels
apq the Palm Produce Board wquld save shipping bills if the
demand capacity at this processing -111 were increased.

_ . . -

kOn kho whole, it would seem that the.apparcntly
sub~optimal shipments of palm kernels may have been caused
by insufficient demand ior palm kernels at the demand
potﬁtl, especially, Cilabar, Sapele, and iarfl ports in

. . . .
Costl Model and all the other ports except Calabar in Cost2
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Model. Insufficient demand capacity for palm kernels 1in all
" the processing mills except Ikeja 1in Comstl Model and all the

mills in Cost2 Model also éauao apparently sub-optimal

shipments of palm kernels which aroC?!{z/::B,nelvo o be

made. ”

The relative costs of increasing demand capacity for
palm kernels at these demand points lﬁdicnte that some
savlnas'on the g?lpplna bill of the Palm Produce Board could
be madc by adjusting the existing allocation of palm kernels
at the ports. Thi relationshi ps oijzteined from comparing the
relative costs of Increasing demand capacity at the ports
are ?urther inveastigated ;hon the'dﬁnand at one external

destination or the outside world 1s considered.

£42.3 Modal Componition ang Linkage Allecation of Palm
Kerpel Shipmepts to Inxnznni Deamand Polntg and the Ports
I-propof selection of the most economical mode Qf
tran;portlng palm kernels to the dbnand\points may give rise
to inefficiencies in the systeme The model allows for
inter—-modal transfers at the expense of the appropriate
transhipsent cost. Flgﬁf.s_Sl and S2 illustrate the spatial
paktorn 61 modal composition and vogund of shipwents along
‘the links which were obtained from Costl and Cost2, lqd;l.{
frosp‘ctlvbly. As in the case 0f cocoa, Costl lode} makes
greater use of the road than rail or flvor. In this model
_(Figure S51), only the supply regions located along the

Vestern Reillway Dl-trict.-hibpod by rail to Lagos pert. In

”
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the En.torﬁ Railway District, it was only Enugu tha? shipped
to Port Harcourt port by rail while Aba and Umuahia located
along the rallway shipped to Port Harcourt port by roade.
This may indicate that the road trahaport freight rates of
the carrlorc'Aro less expenamive than rail shipments ?or very
short distances. There were no transhipments to the River
Niger in this model and only Onitsha, Yenegoa and Degema
located along the river shipped to Port Harcourt port by \
waterway.

Cost2 Model (Figure 52) indicates greate: use of the
ralilway and waterway. AQI shipments to Port Harcourt port
from Sabongida Ora, Igarra, Ikare, and Auchl transhipped to
the waterway at Agenebode. In a¢d1tlon to these, Onitsha,
Yenegoa andrnoao-nvalong the River Niger shipped to Port
Harcourt port by waterway. All the supply regione along both
the Western and the Rastern Railway Dlstrié;s shipped by

rall to Lagos po;t and Port Harcourt port, respectively. In

-

ad&ltlon to thq-o, five other centers (Ikole, I jero Ekiti,
Ilesha, }Jobu'ldesha ;nd Ogb;-o-ho) transhipped fo ;he
railway at either Iklfuh or Oshogboe All the shipments by
rail were long-hauls which are less expensive tgnn the
short—hauls. .

Tho fact thaf greater uge is made of the cheaper
‘rnllwnyh and vnt1f';yu in this model may indicate that the
road treansport differential of the Pni- Produce Board is

expensive forcing those shipments that began on the rond._fo

transfer to cheaper modes. Thus, while the model suggested
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that 49.1 percent of palm kerpel shipments to Lagos port
should be made by raill in Costl Model, 1t suggested that

over 55 percent of these shipmente should be made by rail in

Cost2 Model,.

02324 E‘ll Xernel Shipments to the Internal Demand Points
and One Ma.or Exterpal Reatipation

The optimal pattern of palm kernel ahlpnonfs represents
the system of shipments that could have been achieved by the
Palm Produce Board Iin 1976/77. Under this programme, the
regional production of palm kernels and the demand for this
commodity at the processing mills and the ports were rl;ed.
It has been indicated that these r1lxed d.ménds of palm
kernels were forcing some apparently su$-op£1na1 shipments
involving hlaho? costs to'bo made.

The demand for palm kotn.ln:at the ports are made in *
order to -ntlatf the demand for Nigerian pelm kernels at.tho
foreign -grk.t-. It would therefore, be meaningful to
compare the results of the models obtained fros th§ port
80-.qd tof ghl-ncon-odlty with the p‘ttorn of demand that
would nlnljizo total shipping bills from the supply ;cdlonu
directly to the dxtorn.i destinpations or foreign markets.

In order to do this, the palm kernel -hlpping problem
wvas reforaulated and solved again in order to investigate
the effect of the fixed demand for palm kernels ;t the

o’ - '
portse. The new formulation was designed to indicate whether

-

the pattern of port'dq,and- for this commodity could be



224

‘ad justed to enable a more efficient internal shipping
pattern to be made and st@ll satisfy the demand for Nigerian
palm kernels In the foreign markets.

All the demands for palm kernels at the seaports ware
addod'toaether and assumed td be equivalent ;o the demand
for Nigerian palm kernels at one ma jor external destinatione.
‘T;>€‘ ports, now having zero demand, werg freated as
transhipment points and .were connected to the ma jor external
destination by Y¥inks of equai costes A noninal cqst of N1.00
per tonhe was mployed and was later aubtractod from oach
solution in tifis formulation in order to make them
comparable with the earlier models. This formulation

~

emphasizes the important aaau-ptl‘. tya% the Palm Produce

”

. "/
Board can ship palm kernels to sfiy port within the country

o
in order to minimize shipping bill and increase its net

financial surplus.

£23:5 Onfimsl Patterns of Rals Kernel Shioments to the

' The total shipping bill ( L L Xij Tij) obtained from
Cost2 Nodel is 6.6 p‘r;:o.nf higher than that obtained from
Costl lqdol. This means that the Pala Produce Board could
have saved N162,100 on the transportation of palm kevnels if
the c.-nndi at tﬁ;‘p;rt- were qdjuqtod and the Board
employed the lﬁrvlcaa of the carriers instead of paying the

licenced buying agents to undertake these shipwments in

1976/770‘Tb1. means that if it is assumed that the Palwm

hY
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, <
Produce Board were already employlng the services or:tho
road transport carriers for transporting palm kernels to the
demand points, it woula have gaved an additional 4.1 -percent
of its former costs if the port demands were algo adjusted.

The total shipping bill ( £ ¥ Xij Tij) obtained from
both reformulated models were lower than their corresponding
models in the earlier formulation. The total bill fyom Coatl
Model involving the internal destinations and one maJ;r
ex ternal destination is 94.6 percent of the oarll;r model
while the total bill from Cost2 NModel in this formulation is
898.4 percent of the earlier model. As in the came of cocoa

\ ‘

shipments, this reformulation results in greater savings in
shipping blil for Costl Model (N141,789) than for Cost2
hodol (N43,488). This indicates that in terms of the road
tran(-port differential of the Palm Produce Board} the
oxint;nx demand for palm kernels at the ports in foiatlon.to
"the demand tor'Flgorlan'palm kernels at the externmal -arkof
was only 1.6 percent inefficient while the same system was
S¢4 percent 1§ottlclont 1;\¥§r-- of the road freight rates
of the carriers. As in the é;-- oi/cocou. the rates smet by
the Board are more oriented to watisfy the existing port

demand for palm kernels than the rates set by the transport

firms.

The .paflnl p;ttorn of shipments (Figures 53 and 5f3
indicates the tendency for the supply regioas shipping
‘through each port to the external destination to be

concentrated in the immediate hinterlands ubou?ithopo portse.

.
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_ There are some differences between these patterns, however.

N

I'n ?ostl lodoi (Figure S53), Ife Ilesha and I jero Ekiti
shipped through Sapele port to the external destination but
in Cost2 uddc} they shipped through Lagos port. Nsukka
shipped through Sap;Lb port in Costl Model but in Cost2

Model, 1t shipped through Port Harcourt port. Awgu and Ikot
: i3
Expene shipped to Port Harcourt port and Calabar port,
. A
- . t
regpectively in Costl Model whereas Awgu shipped to Awka

(Palmke) and Ikot Ekpene shipped to Calabar port in Coat2

: .. ) }
6436 Optimal Rual Selution of Palm Kernel Spivments to the

i N _ ; ‘ ,
Figures S5 and izfiLlustrato the rospecslve spatial

‘pattorns for the optimal dq:} solution of the supply points

(ui) for the palm kernel shlpplng'problen to the internal
d.qﬁlnationg and one major external destination obtained

from Coatl and Coat2 Models. These patterns indicate that

the greatest savlna: in shipping bi will - be made if-palm

kernael production were copcentrafed in the lwmediateée L.
/‘\

hinterlands of the ports. In both models, the highest value

e

, d . . o
of ul was obtalined at !grvi port (ui = 1319 in Costl MNodel
~ . v ! .

] . .
> . A

and-ui = 1761 dn Cobt2~lod01). Thia means thet Varri ﬁort is

thc -upply polnt that is htat Iocatod tor 1ncroaa1ng the

-

-upply of ‘palm’ kornola. The relative comts of the ‘supply

polnt- increase from the south towards the intcrlor whero it

1- less favourable to -increase the demand for p.ln khrnolna

\ .
s -~ . ‘
! | )
— . '

hY
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i "The optimal dual solution for the demand points (vj)
for the pal; kernel shipping problem to the internal demand -
points and one ma jor external destination indicate the
relative costs of increasing demand capacity at these demand
points (Table 20). Costl Model suggo-fa that th§ Pala
Produce Board would incur higher shipping bills if demand
anaclty for this commodity were lncr.a-cd at the external
doctln@!ion than {f d;-and were increased in a;y of the
processing mills in the coyntr§,_o-pocia11y at Orlu
(Nlproc), A-ka (Palmke ) and Abak (Pal;ll). A;ona the
internal demand points th.--clve,, #he model suggests that
tpo Board would '‘incur higher shipping bills if demand

! ) a
capacity for palm kernels were increased at Warri (Evoc) and
Ikeja (Von) than 1if demand were increased at Abak (Palmil),
Orlu (qu‘qg) and Awka (Palmke). For example, to increase
demand cap;clty at.isrrl (Evoc) relative to Abak,‘brlu and
Avka, will result in the respective costs of 252, 954 and
558 whereas incresasing demand at these pr;cnaqing mills
relative to Warri (Evoc) will rq.ult in less saving in the
-hipplng bills of the Board. ) o : | ,
The Board will how;vor incur lower -hlpping bills it
'ﬂ‘ demanand (or “N.lgor’l.sn palm kernels at the external
destination were inereased folativ. to the demand at Varri
(Bvoc) anld IkeJjs (Von)e. This loggéiﬂn that in order to
reduce th; shipping dL1L for palm kornol; by the P?l-
Producé-nonid in the entire -;-to-, the demend cspacity at

Abaky, Orlu and Awka but not Varri and Ikeja may be

.
.
L

A8 LR ]
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' TABLE 20. IEE DEMAND RUAL SQLUTION OF PALM KERNEL SHIPPING
PROBLEM IQ INIERNAL DREMAND POINIS AND ONE MAJOR EXIERNAL
DESIINATIQON g '

NANE OF DEMAND POINT  VJ IN COSTI V¥ IN COSTZ
TTToNE DEsTINATION | mso . isa2
WARRI (EBvoc) 1410 . 1852 .

IKEJA (Avoc) - 13398 ' 1780

ABAX (Palmil) 1158 . 1203

AWKA (Palmke) | 852 ’ 1279 | ‘<

ORLU (Niproc) 456 * 878
szzdkzzosxcrszzzrsczzso=s=ss=sso==S=SS=ss==Ss=S=============
Ln;roagod.

-

The same relationships were also obtained from Coest2

[ 4

Model. .Increased demand capacity for palm kernels at Varri

(Evoc) and IﬁoJa (Von) relative to other internal demand

points would result in hlghor/iplpplﬂz\bllin for ?ho Board.
Although Warri and Ikon are less favourable processing
mills for {ncrca-lng the palm kernel demand égpa;;ty then

4
the other procéssing milla they are more favourably suited
for jh‘ -anc.purpOIQ with regerd to the .xtorﬁal
do-tlnationo‘ln both models, VWarri (Evoc) is the lpalt
f.vour.blo internal demand point for increasing demand
capacity and it hcdltﬂo higher ui value thin other -ill-ﬂln
both models. This is expected since it is better for the

Board to increase supply of palm kernels at the demand point

where it is most expensive for it td expand demand capaci ty.
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Karnel Shinnsni‘ 3o the Intarnal Remand Points and Qne Ma.or
Destination '

Generally, the models performed in the same way as
thelr respective oqu;valonts in the ealler torhulation.
Co-tliyodol‘(Flgure 57) -tlli makes more shipaments by road
than Cost2 Model (Figure 58)¢ As in the earlier model, all
the supply reglions in fha Western Ra;lvny District and Enuﬁr
on the Eastern Railway District shlppcg r.gpectively to
Lagos and Port Barcourt.ports by rul}. Umuahia and Aba on
the Eastern Rallway District shipped to Port Harcourt port
by road (Pigure 57). ‘ . ‘ v,

In this tor-ulétloh,'Cost2,lodol makes greater use of
the. rallva; tlnn Costl Model. As in the earlier formulation,
.al} the anpply regions on the En.f.rﬂ and 'ost.rn'Ralliﬂy
Districts -hlpppé by rail to Porf ﬁ‘rcourt bé%t and Lagos
port, respectively. In addition tp these, four vther supply

regions (I jero Bkltl,'IJobu I jesha, Ilesha and Ogbomosho)

transhiped to the ralilway at either Ikirun or Oshogbo

» ( Pl‘““ 58). ) )

There was not much difference, hovﬁvor, in the
percentage of total -ﬁip-ont- through Lagos port.thgt were
‘made by rail in bogh models (55.6_porconf lnvéb-tl and 58.!‘
pirc.nt in Confz lod;i)o Thl; ¢an be oiplhlnqd by the fact
'th‘t’it wvas only ssall quaptities. of palm kernels from the

four supply regions that wére transhipped to the rail ‘in

-~
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Co-ti Model, In both models, there were naq transhipments to
the waterway and only Onitsha, Yenegoa and Degema loca ted |
along the River Niger shipped to Port Harcourt port by
waterwvaye. 0

As in the case of cocoa, Cogtz Model encourages the use
of rajilway and waterway more than Cb-tl iodel. In facf, the
Palm Produce Board could have shlpped more efticiently by
onployiﬁg thi services of the road transport carriers or by
employing the licenced buying agents to undertake the
shlp;antu and transfering tomého;por rail and waterway modes
at the appropriate transhipment centers. Ii hag already been
indicated that these findings are contra;y to the present
patforn of marketing and transporting export connqdlt}es 1?
Nigeria. The Commodi ty Boards continue to employ the
services of the liéoncod b;ying agents in spite of the.
higher shipping bills that they 1;cur. Theso_hlgher bille

cannot be Ju-tlflod unless the agents perform important

non—-economic functions for the Boards.

mlwnmmmummu
| The results of the models obtained from shipping palm
kernels through the ports to one ma jor .xtorﬁal des tination

. . I . ‘
indicate that the given demands for palm kernels at the

~

ports are causing higher shipping bills to be incured by the
Palm Produce Board. Table 21 summarizes t?o actual

quantities of palm kernels shipped throuah the ports under

B
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Y e LR T P e e S T Y T L TP P T Eohy ¥
NAME OF ACTUAL SHIPMENTS TO ONE DESTINATION
PORT DEMAND COST1 DEIAND' COST2 DENAND

o s s e e e W W e T s A e QA A S T S S o
4+t -+ 5+t -+ 3 5+

LAGOS 107285  39.0 88306 32,6 107213  38.6
P. He PORT 107775  39.8 86715 32.0 106835 39.4
CALABAR 32559 12.0 36056 . 13.3 25941 2.6
SAPELE 17698 6.5 59822 22.1 30910  11.4
WARRI 5572 2.1 0 NIL 0 NIL
fm—cccssss—sopossessso=—sossSsc—scssSsssscsgssssssosssssess

the different formulations of the model. The highest
percentages of pala kernels are demanded at Lagos ana Port
Harcourt portse The@o two ports still have the highant
\/ .

percentage of palm kernel shipments made through them in
order to satisfy the demand at the external destination in
both models. In these models, Sapele port had a higher

¥
percentage of palm kernels shipped through it to the

-

external destination than 1t actually demanded. .

Table 32 shows the relative percentages df palm kernel

shipments through the ports when the demand at one external

_do-tlnutloh was considered. These were obtained by comparing

the percentage of shipments through thc.ﬁ ports to the

external do-qad'bolnt with the actus}-porcont‘gc demand at
these ports. | ‘ <

In ‘%o-tl. 'lodol..‘ shipsents through Lagos and Port'
Harcourt ports "do”croc-«—l while .hlp-ontqthrou-xn Calebar and

Sapele ports jincreased. In Cost2 Model, there was slight

L]



t 238

TABLE 22. RELATIVE PERCENTAGE OF PALM KERNEL SHIPMENTS
IHRQUGH IHE PORIS IQ QMNE MAJOE EXIERNAL DESTINATION

NAME OF . RELATIVE PERCENTAGE CHANGES
PORT ' COST1 MODEL COST2 NODEL
LAGOS _ ~6e4 ‘ +e6
PORT HARCOURT . -7.8 ' : -4
CALABAR g +1.3 -2.4
SAPELE +1.5¢6 : .. ""409
WARRI ‘ NIL . NIL

e it R g S 2 2 2 - 3+ S F - 3 £ . £ 3 X T 3

(‘;\

1ncro¢§ojat.Lago- pd;tfyhlLo there Yac\alsp a‘very -ila&t
docro;;o at Port Hircourt portolip this ;odol, the _demand at
Sapele increased by 4.9 ﬁorgcnt while the demand at CQiabur
decréased by -§.4.porcbnf. ) |
There vprd»n; shipmenta through W;rrl port to the
external di.tgnat{on and only'a.t;;.-ﬁrroundthg supp ly
regions (Ughellli and Uhl.Ja) shipped tO'f§§ palm kernel.
cruoﬁlng =ill et Warri (Bvoc). rhoblﬁcrénc; 1; demand at
SApolﬁ port in bbtp models indicates that considerable
savings in fhe'-hlpplﬁ; bills of thé'fgln Produce Board will
be schloio; 1£ tho'do-.né c.ﬁnclty for pdlg kirnotg is
inctoc!;q ;t_s;polc porte. Yhile the demand at L.g?c and Port

-

Harcourt ports were reduced in hpth'-odnli. fho do-und.at
Calabar p%:f)vs- increased in Costl Model S;t'foqnhoéiln
Cost2 Nodel. The fmplications of these tindxdgufgovdfa
formulating a more Qtticent trtn.bort policy and

recommenda tions tor ;hturb rn-ptrch~rq-u1t1n¢ from these

findings are discussed in the next chapter.

-
'
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'

624 Sumpary of the Cocoa and Palm Kernal Shipping Probleas
Although the cocoa and palm kernel shipping problems
bave been dealt with separately, the results obtained from

the different problems can be summarized and discussed

t

togoth;r. Only the optimal pattern of shipping these
éo--odltlga are discusaed and not the diagrams which vogld
be obtained by ovorlaying the coprouéondlnc individual
results of thelproﬁlon.. There may be some relationships

between the problems that may help to improve the

2

trnn.porta@‘pn policlies o2 the Cocoa Board and Palm Produce
’ ’ i

Board. The implications of the results from the two problems
may also indicate possible areas of co-operation between

these Boards. . ,
P - u o -

Both problems indicate that apparently sub—optimal

-

shipments which are more expensive to the -ystoi were being

made because of the nature of the demand for cocoa and paim

[

kernels at the respective demand points. If individual
shippers do ship to thulrllca-t comst ports then they may
actually be optimiring. WYhen shipments to one ma jor external

destination wes considered the optisal shipment pattern

r o -

obtained i- more representative of the shipping pattern for

3

individual shippers.

Table 33 illustrates that the Cocoa Boerd and the Pala

Produce Bo.fd‘vould sake considerable savings in their

. ahlipping bille by roalibcstlna the demand for these

commodities at the ports. It also. indicates that 1f these

e
.\\\\ .

- r

. L4
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emmsSs—=SsEEECSSESS-SESsSSSSSSESTTSSSsssSSsSsssSssszsSs=os
z EXiJTi.J RS ol Savings
" (Comtly . —_— in
' Actunlkf “ Total NS
Demand - :*-" R Cost
L A SO
@OCOA  N2,256,631 N2,087,932 83% N158, 689
P KERNEL N2,606,704 'n2.4§4.915 94.06% N141,789
emmssssSSssSSSssCESCESSESSsSSssssosossssSsssssRsSsss=sTEs
{ ..
TOTAL N4,863,335 N4,562,847 93.8% N300, 488
.2 U,
Be N
=========£;==#==========:===========:=========:===?:======
: L IZxi147i4 T TxigTig % of Cost Savings
(Cost2) (Cost2) from Adj in
.Actual Port 'AdJu-tc.d Port Demand of. Total N
Nemand Demand l;omr Cost Cont
U —
COCOA  N2,408,527  N2,361,820 98.1% Nd6,707
P KERNEL N2,670,503 ¥2,627,015 f4.4% °  N43,488
UL R —
TOTAL 5,079,030  N4;986,835.- -98.2%  N90,185
.sz:z:_t:zt\éss:¥=-;g=s:====a=s=s;=¥_#==z:::za.;zzaz—'.-.-:::.—.::é
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Boards used their road tr&nsport ditterontia{ and alsé

adjusted the do-dpd tor.tﬁb comnoditica‘at the ports a ﬁotal

6f»N90,195 would have been saved on shlpplng-billa; I} the

Boards Q-bloyed the road transport téelght rates of the -

tranqu‘t companies instoad of ¥helr own road transport

differential.and also adjusted fho demand for the *
commodities at the ports, an additional N210.295‘w$ula have
been saved, This would have resulted in a total savings of
N300,488 by the two Boards in 1976/77.

The total coste ot_all the nod.li which employed the
rqu transport trel&ht rates_ot th? tranabq;t firms (Costl
Model) were lowqf than the Qotal.co-te of oqulvaleht -;dels
which employed the road trag&;ort ditferential of the
Commodity Bo;rda (Cost2 Model) for all chipnonts,ot_coca;

'vand"baln kernels. Thlq\indlcaé‘s that the Boards woyld.savo
on shipping billi by gnployina th? services'of the‘carr1ern
for shipping the commodities to the demand ﬁolnt: ingtead of
pﬁ?&ng;tho ylconﬁod buying agents tobundortake the
-hlpnonts; v

Table 24tahow‘ jhat ;he tota} -hippinglbill for ‘both
commodities obtained trA; Cost2 Nodel 1; 4.6% higher than

‘ that obtained from Cost2 Model when the actual demand a; the
ports J?o -tviétiy adhered to while Cost2 uodolcf- as wmuch
fn. 9.6% higher ;hquCosti lqd§l wgzn‘tho ?.-anésadt the
ports are adjusted. This -ocgﬁvtbq the ‘Boards wouid have
-Qvod ﬁ215,69§ by o-ployjdh ;ho ;srrl;r. to ship nccordin¢.

-

to the demand at the ports, wh;}c these Boards would have
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======‘.."—.‘&===================:==============‘=========’.=======
ACTUAL PORT DB!AND "ADJUSTED PORT DEMAND

. 3+ >3+ -+ 3+ 2 3+ 4 5+ + 3+ 5 S 3 5+ 3 3 S+ F KT I3 -+ -+4+—4%

= COST2~-COST1 % DIFF COST2~COST1 % DIFF

OF COST1 * OF COST!

= =======================:===================;==EF‘=;=====

~ OCOA N151,896 @ +6.7% N263,888 +12,6%

~N _ ‘ .

\\\ﬁ'PALu KERNELS N63,799 +2,.5% N162,100 +6.6%
=====;.:========:=_==='.==::::::::S“'*::"'"‘"::’-‘:‘—"‘""":::“:::::::::
TOTAL N215,695  +4.6% N425,988 - +9.6%
====::=:=============;.:================================’:====

Qr:
saved N425,888 by dﬁ@bilna the carriers to ship from the

. : - _ _
supply points directly to, the external demand pointse.

-

In all cases, Cost2 Nodel makes greater use of the"

S~

cheéper. railvay and waterway modes than Costl lodelnx?lch~

makes wmore use of shipments byvroadn It wna}ob-orvod‘that
. _ 5.

»
there are nunoroui transport co-paniqs that provide regular

services from Lagéi and other seaports to all parts of the
. . !

~

country. Due to the strong attraction for return loads from.
& , : ‘ e
the ports, the long-haul shipments to these ports by the

.

carriers cost much less that the Commodity Board rates whieh-

‘ g . : . ).
* is based directly on distance or mildage data. The road

differential $f the Boards is go expensive that™

tr;nsﬂoé‘
shipmefits that Sdaun by”fbad in Cost2 -?dél can only reduce

-costs by trénahippkﬁgéqutho cheaper railwaey and waterway
" : e . ' - |

. . ,o A T, . L .
modes . : a \K,J .-

Aﬁﬁrg fio- adjusting the port demands, these Boards

4

would be-shipping more ‘efficiently if they o-plquﬁ'tﬁo"

T mervices of the carriers -instead of paying the licedced
P - ) 9 L)

v
-

’ L d

4 ~ . C ' - ‘ -
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*
buying agents to undcbt.ko these -hlp-.nt- or 17 they still
, o-ploy.d the -orvlc.- of the a.ont- and also transhipped to
the cheaper. rallweay or waterway modes. .
Thopo findings .ro'contr.ry to the presént pattdrn of
° - o )
marketing and transporting export commodities in Nlaoriaﬂ
The Commodd ty bo.rd-‘.tlll employ tho‘llconcod buying agonti

to transport these commodities and these ﬁggnf- are paid the

road truniport differential of th; Boards f‘r.hpoctlvo‘or

", the mode .c*ﬁ.lly o;ployod. It 1- po.llblo thgt these ngont-

f could no.othto th. cho.por rates trg- the cnrrior. and
seill e}j ‘the ‘higher road transport dltt*ntl.al trom the
Bourdo Thu.. th. Boarda dontlnuc to incur higher shipping
bl\}-'by employing tho -qrvlco- of thoco agents. Thewse .o

highor bill- cannot be Jjustified unlo-- tbero are other

- [y

3 -

luportggt non-economic functions which the agents porfor-
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7. Chapter Seven CONCLUSIONS AND RECOMMEMDATIONS

1.1 Suamary : ' . .

Y

This study has 1§v¢.‘1gatod the opti.al pattern for
. K
shipping cocoa and palms kernels in Nigeria from the points
vh;ro they are are purchased to the various demand points,
)

in 1976/77. The shortest ;&th- obtained from -odilling the
1rdn-portntlon ndt'Qrk as ‘jtr.n-hlpnont Problem was
Ji;loyod,.a- 1z they werd direct links, in the
Transportation Problem in order to oﬁtnin the optimal
pattern of shipment. The shortest paths that appeared in tﬁo
optimal -olu;lon were then re-interpre ted llnk-by-link.ln-i.”
-order to {llustrate the aé?ual routes over which shipments
were made ;n the opt;-al model., Thus, the -tqdy has added
another practical example %q {ho o-plyical‘lltoratur‘ on the

Transportation Problem in which there are on or more modes

of transportation for more than one commod{ty.

aniﬂﬁggoroﬁsly Ju-tltl.blo .olution. “to oveault“‘

. A
’ 1

tr.ﬁ%portatldn pl.nnlna probleas. Bocau.o ot‘%ur lanorcncc
t : \,

, rocnrdlng n;pz ‘other rclatlon-hlpc 1nvolv.d and tho

f&tporfnnt Blpt!cntlon. of tho.c doci.lon-, such -odolo croé

-

bq-t ro..rdod as hourl.tlc tr.-ovock- within vhlch to

R Y

'gcndrnto in rough outline, some lanSQ into the g.por;lr
$ . T

P : Y o "-"‘ ’ >
.k s Lo
it TR

-
%
-
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‘,' planning progrems. The ultimate evaluation, specification

’ and adoption of these programs will have to be beased on more
\‘l : .

Sy ' -¢o§.llod analysis which will capture the multivariate nature

g o lL’G'tho regional ﬁnxn.portatton -ysto- operations and impacts
hf .and/or the -ubJoctbﬁb quslltuilv. Judgements made by

O v .(' i
oprrloncod plnnﬁor. ’bd~pollcy ‘makerses In act. these

p.rtﬁ.l Gﬂiip q‘g bg-t regarded as inputs to the decision
."!..»* ”~
-

-u&tnc ht’c.-l raih.r “than the decision making prooo..

-

I.t,l.lf. ‘rhoy tp. u-otul not only for dlrectly indicating

v
'h.t typoaof hthor planmning progra-n -hould be undertaken,

Y

. 1 but al.o lnoclarltylng obJoctva- Und ldontltying addltional

research.

The model employed in this study undertakes a partial l!ﬂ

»

analysis of the factors ihvolvodr-rﬂo results obtained from
: .
the model arg based:on the optimal patterh that would be

obtalned 1f the shipping bill of tthCo-odlty Boards were.

©
: . «
tho'only fac tor to be taken 1nto consideration. Tb.ro are

'-tny othor lnport.qt fac tors that -ay uroltly 1ntluonc.

s . vhorq -o-t ..ticulturnl co-.odltlo-‘dﬁp be grovﬂbnpsrt from
L . .
the -hlpplnc hllt..&ho-o lncludo such tactbrﬁ ‘as soll .

N

v condltiou-. cllncto,«’ rtia .nd tradltlon. This means that
. '
even 1! the doncnd dua l’ -olutl c (uuﬂ -uccq:t dkpnndinc

<

. ®
’ . cocoa and pal- koruol -uppty tro- corts;n reions these may

_npt be . tba.lbl. duo to qthor tuetor.a '
PRI I

i v )par 8 Snllllo (1072) -ucgo-tod that in 9?\*“" where

. RN ‘4 Eﬁ: 4sut1q} c‘ﬂtilun;i&on of tlov puttorn. is lnaortsnt, th'

o ’lltovnat&vo optimal -dfitlon- ind aood~aub-op¢1-ul colutlon-
- . R I

o
N

. 5'3‘

. . . . : . »
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should also be investigatede. Four such alternative aoptimal

solutions were obtained for the palm kernel shipping problem ;

~\

.

. ! |
to the 'bf.rn.l demand points and the ports. It is possible S ~{h
»,

i

that each of these solutions reflects a different aspect of %

the economic environment which was not cqﬁ.ldirod explicitly

- by the modele.

mmmu,nmumummm-ummn

The model did not tako'cnpcclty 1nto cortsideration.

Llnf7cap¢c1ty could be incorporated by allowing the shipping

_ . . >

bill to vary accordld‘?to the quantity of the commodity
< .

-hlppod. This would have resulted in a non-linear or

plece~wise linear Transportation Problem which would require
. :
h»-oro.co-plox'.otutlén. Link c-pacltlo- could alse have

-

been taken into con.ldorutlon by placing an nﬁrbluto limit

on the gquantity of the co-odltlo- that -hou?L he shipped .
along each,link but data on these were not avnll‘b&o(
' & ' L ,
It had already beenp indicated that tive model would

LS

‘.u
et

deaand data’ on the capacity of the links as well as data on
N v L4 . ’- . -

the tofal quantity of other' commodities, excluding cocoa and

palm kernels, sh#ppo& along each link in order to take

I8 P . s JE ' . . - ‘

", - . . - s N M - N i
capacity into consideration in this waye. Thus, the prob}e-

loipot simply o quodt;oh of availability of data but the

problem of working on a .ub-.;-to- within & bigger -y-tino
- R ) ‘ . *

slnco,llnk c.poeggicl‘-‘ro not taken lnto'connldonntion, it

¢

. was not po..lh}o to laoutlty tho -atur-tod tlnk;goc which

«con-tltuto bottlbnoék- to otticlont utilization of tho
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trnn-port:tlon networke.

3

The port capacities for the commodities were not also

considereds It is therefore unclear whether the ports could
actually handle the quantities of these commodities

suggested for them in the optimal -od.l=. The results can

‘

only give impressions of where demand capqcltl.- may be

expanded without any indication as to whether the capacity

’e r ~ { e

an o

of the ports can handte‘th.-o new demands. Despite these. e
’ o : *

RS

‘ : Ay
problems and misgivings, some interesting results have b.‘%fht'ﬁ
: ¢,

L]
x

obtained. . The ".‘.,‘
4 » ey

2.3 Suamary of Results .

The cocoa and pals kernel shipping problems ldlatato
that Laao-'and Port Harcourt ports demand the greatest
qucn*ltl..'ot tho-; qon.odi?l,. and that the highest
quantities o;-tho co-o&ltlo- nfo also shipped through thems
to the ofto}ncl destinatione. The models obtained from the
adjusted port demand suggest that demand cnp;clfy be roauc.d

both 'at Lagos and Port Harcourt ports and that demand

° -

capacity be increased at Sapele port. Therefore, .the Cocoa
. L4 ¥

‘+

Board and the Pala Produce Board may rétuce -their shipping
bills by directing more -hlp-’:t- of tho.c‘co-odltgp-

intended for export to Sapele port and diverting some of

' ¢

fb.l‘llhlp..qfl'ffél L.co-'ond_rorf-lcreourt pd}t.q The

. models. from the adjusted port demands also suggest that. the
M . . . . .~ ? . . . N -

“ s Y
. 'bl.

oo

ao-.nd ccndit:y%ég cocoa at Calabar port be “lnc:-.'a’au, and
L o . N _ S N \
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the Cocoa Board may benefit from taking this into
consideration. |

Lagos and Port Harcourt are the two -gJor por;-.l;;tho
country and both have adequate berthing facilities for the
large ocean-going vessels that undertake the shipping 6*
Nigerian cocoa and palwm kornoln“tqgsﬁbohpnn and North
American nark-t-.~tho-o ports also handle import traffic and
are often congested. Although the models obtained from the
ad justed port demand .ugio-t lncronilna ¥ho demand at Sapele
port in order to relieve Lagos and Port Hargourt, it is
difficult to demonstrate thdf Sapele port has enough
capaclty to accomodate this lncroniod do-andﬁnlnco port
capacities vesn not taken into consideration. It is possible
that the avalilablity of the ocean-going vessels at Luao:},nd
Port Harcourt actually determines the demand at'tho ports Infu
which case the lnploqo;t.tlon of the .dJu.t;d‘port demands
-uago-tod by the ;odoln may not be feasible. It is therefore
-ugaooﬁod that cagac!ty 1ncro.-. at the port- -ay have to be -
co-blnld vlth rogut.t&ng the -hlpplﬂg vt.-olo to co-ply vlth

o ¢

the oiptqyle. programme in order to achieve the desired
' AR XS .

K - .4 - ro .
ro-ultiif.!Hg "é

' 'hoﬁo%. Costl ;i‘o* QdJu.tod port do-snd -ugao-t
. . Ly "-“ }’N .. . J ’,’
jincron‘?“ demand cnpnclfyytbr nplqﬁkntnolt at Caluhcr

'l -~
ort(+1 35) Co-tz lodol“ugigpip'thut tho do-.nd-ca cit
) - L] ' N . :"'v! - P& y

~.gd4§a- -.uﬁ port’ bo ‘rdduced(~2.4% ). Thooc results are

.

2]

U .
inconcluuivo with roc.rd to ch‘nllng tho d--nnd capacity for }
: o .
‘pg}- kernels at Calabar port.-?urthtr lnvoptlg‘tlon is

o

0
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neelléd in order to ascertuin whether other factors which

influence the demand for palm kernels at Calabar port should

be taken into consideration.

- /

mmmmnwmzﬂm
.incronaod processing of these commodities at the
.internal demand points or the processing mills wou}? also
reduce the -ﬁlpp;ng bills ofitho-o Bourds. Increassd
proc.isina_ot cocoa at Ike ja r.latlvo:to increasing d‘-dnd
at fho'oitor;ul destination would reduce the shipping bill
ot tbo ‘Cocoa Bodrds Similarly, 1ncrou-od proco..lng of palm

kornoll at Abak (Pal-il). Oorlu (Nlproc) and Awka (Palmke)

‘

vould cost less than £tcfo.-lni do-cn‘!%np.clty at Ikeja .

(Von) and 'crrl (Bvoc)e. On !hu vholo, ?hcroa-od procon.iﬁla-'.

- of p.l. kornol. at Abakx (Palmil), Orlu (Niproc) and fbkq

uy

(Pnl-ko) but not ct I‘cJa (-Von) and Iurrl (Bvoc) rolutlvo(to
tho oxtornst dq.tln.tion '111 roduco _the -hlpplug bill ot;
tho Pal- Produce Board. Thoithro. the Palm Produce Board

may dlroct -oro ot ‘the pal- kornol- bolng thlppod to IkoJ.
| Toa !

: and Varrd tt-fho oxtorool dontlnctloa or foreign n.rkctn

'hllv Lnioru.t procc.clnc ot ytt- k.rncll at Abik, Ortu lnd

Avke may olao bq?oxpuadép in ordor to r-dueo -hlppln. blll-.,
v T by ‘

!hc ooutoo- ot dtto onploy.d in- thl- analy.l. andl

\

-odltlc;tloal ot thooo ditc '0!. dl.cui.od ln cn.ptor Plv..
o Altbou.b th.y .ro aﬁ.quoto tor thc pnrpo-o- ot thll Qtudy,
h - . ..v - . . . . c‘ﬂ
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there are problems caused by insutficient date. Data on
actual patterns of shipments were not available. It was

‘therefore impossible to co-pcro_tﬁq optimal pattern with the

.actual pattern. Such comparison would have revealed where

inefficiencies in the shipping patterns’ are more

L 3

predominant.
The commodi ties considered namely, cocoa and palm
kernels, are grown in the southern part o!’thd couatry
- »

because data on commodities arbwn in other parts of the
’ 1N
‘*country were nog@uvailnblo. This -oanq that the results

Lo

obtained aroIAppllchlo only to§&h¢ -outhqrn part and not
. £a
- the whole country. Although concentrating on fho-. two

commodities provides some insight into the basic issues

involves; a more comprehensive study involving other

commodities fhat are grown in other parts of thg country,
) should be undertaken it data'on these become available in

futuree.

- Since tte uctﬁ.l deta on trsn-poitntlon'éolt- on all
tho 11&3. voro not avnllcblo, rogro..lon analy.l. vn.
o
o-ployod 1n obtaining a ropro-ontativo model that- -n- dnod

el

tor o.th.jln; costs on the links for which nctunl data were
n@t oﬁ}ulnp?; Ro.roaqloh'pnclylls glives an indication of
ovda.li ‘ﬁ*vénd -cy'nofibfodiit costs dxactly. This may have
c-u-.d -o-o o-tl-.tloa problens re-ulttnc in' the
nnﬂbrprodlction or ovorprodlctlon of costs along some links.

Tho dat. prohto- oxporloaeod in tbl- ltudy .IF!‘I!Z..

tho nood tot bulldlns up .n sdoquato data bnno io
F 4

-+

e .

Chdam. A
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development planning in Nigeria. Planning in most developing
countrias have often been described as planning without

factas bhecause of the paucity of date on the vital aspects of

the physical, .oq;‘} apd economic characteristics ot these

L)

‘ﬁgqufrlon. It is in the Interest 0of the Commodity Boards and

the Nigerian economy in general if an efficient data
coll.cilyn policy is adopted. In fact, it is advisable for
the ngir!qn a;;orn-qnt to spend nonoy.ln gonarnéigg data
for ro-o.r#h ;hlch will help to evaluate tho r.turn->tron
alternative investments in transportation. ]

The 9;0;;nt peucity of data for detailed planning

-

yuppo-o-'ln Nigerie is due to many reasons. Most of the

’tvillnblo deta on the country’s resources are widely

L -

. .
1

dispersed in several filea in’ tho government doparttsgt- and °

ministries throughout tho country. Most.of these da have

not been- collated, synthesized and presented in the form in

.

which tﬁoi.can:bb\u.od for detai led pl;unlna purposes. The
ionutb Qt aomne ofﬁ%ﬁo records is so -ha?t and the number of
dita points so few and scattered all over the cduntfy tha t
thoy are not -ultablo1tor .nnlytiéal and prodlctivo

-odclllug of .p‘tlnl or to-por.l 9uttorn- of tho vnrlabl.p

concoruod.

-

Thc Fodorul oftice ot s*:}"tic' was o.tsbll.hcd in

4

e
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certain immediate nood-.‘Thln explains why data §n the

2582

and in most cases the published statistics are often
ln.dcquuto.ln spatial dotail. because they -éo provided only
at the state levels. This explains vhy it was not possible
to obtnln data on the quantitlo- of tho oxpomt commodities
purchn-od in the provinces from this source. *

The existing -y-"- of generating -t.tl-tlc.l data and
the -L-plc direct gathering of factual data on.rolovant
v-riahio- is not comprehensive. Some of the data on traffic

flows which presently exist were the ro-dlt ot iidcly

scattered and often uhéo—ordlnctod ‘ad hoc! projects many of

which were carried out on the spur of the moment to meet

c‘baclty of the routes were niot available. A more

v

ci‘rohons'hfo approach to data collection is preferédble to
the pro‘ont appreoach in order to plan a&cquatoly-!or the
future dovolopnq‘?ﬁot tran.portntlon in the economy ot

h./

ngor!n. This requires a 1¢r¢o -c.l. trattic pl.n at the

'natlonal 1ovol and the covoraqclot the whole country on a

-y-to-ctlc b.ol. instead of tho pro-.nt .poradlc cpproach to

trurtlc countse Nigeria is -tlll -truggtlng to evolve a
S -
co-prohonnlvo Orlclneno-tlnatlon survey of passenger and

goods -ovo-ont.'xtti-pti should also be made tb_doiolop
tacilltio- for tho dot.llod -o.-uro-ont of. the essential

pvoportlo- Qp othcr tolovcnt trcn.port.tlon vnriablos for

py’nnlnn purpo-o-. : ':

.o Studio- ot lntorroclongl co-oﬁlty and tr.ttlc tlov- .

_vlll become more important in the future hocau-o '1tp -o?o

»

&
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sconomic development tﬁoro.vlll be more regional

specialization and the desire to reduce distribuition costs

will be much stronger. The Commodity Boards should therefore

Seonerate more data to enable -or‘ quantitative studies of

this nature and other detalled -tudi.- for obtaining more

* rational evacuation policies to be undertaken. It is

expected that fho i.tibll.h-ont of the Commodity Board

r

system (to replace the former State Marketing Board system)

will help to providée good and up~to~date marke ting

informsation system which will enable more research and

improvements ln.cxport commodity marketing in Nigeria to be

1

vy

undertaken,.

f L 2 ' -
1.4 Sumsary of Recommendations

1.

';-ty ln tnct, not be Zeasible. The no-nnd ggql vnrl.hlos

-

It has bcon do-on-tratod that tharo are obvlou- savings

7/

in .hipplng cQ-t- to be --do-by the CQcoa Board and tho

Palm Produco Board 170- AﬁJu.tlna both the sources of
lupp}x:sndvth- pattern otﬂdo-and-tor these cgnnodltlo-.
- . N /
Thd’opatial p-ttcrnfot»tm:bducl variables (ul) suggest

ndJuﬁtlng tho lnﬂpllo- (81) ln order to -cxo -hipplng

co-t-o Tho pattérn of Siis depend on so -uny othor

L4 »

tsctor-st_ sSome ct tho adJu-t-oqgl lugno;tod by ‘the

'™
-odoll (to ox.-pln, anrcnclng -upplio- at th. port-)

'.(vJ) nlao .ugno-tod that the do-.nd tor fho.o

- a -

'f'cpnnodltlnnaotvthgfgoat’(DJ) -hoqlq,qucdduttod since

”
-

. L B o '
«- C - o . S o 2

#



‘bills thasg the road transport differential of the Boas

‘cotloctlon' in order to punch‘-.

{

54
v 2

the existing pattern of demand to-ul% in higher shipping

.

bill for the Boards. Since the capacities of the ports

" were not taken into consideration, it may not be -

feasible for these ports to E:ndlo the adjusted port

-

demands. These results may hoqudr, be employed as

. gulidelines for shifts in oxpandln&_production or “

changing demand capacities at the ports in futureg

In d“ cames, the road transpert freight rate of the

carfiers (Conmti Model) result in loweg total ﬁhipping .

(Cost2 Model) which makes gredter use of cheaper railway

and waterway -o&oi. This suggests that the Boards would
: ‘ . . : - . ‘

reduce thokr shipping bllln'by enploying the cnvﬁlers

‘instead of thu llcuucld huyina a%ont- to undobtako these

. 3

‘ -hlpuont-. TheeBoard- may ul-o roduco shlpplng pills by

\aubloylna th. agont- and tranchlppin; to tho chospor

.« -

rallvuy and wntorvuy -odol ag the transhlpnont contor--

Apaft troa 1ncrcu-1n¢ tho ovorhoad costs ot the Bourd-.

. there are other problo-- lqvolvod~1n taking qlthor

.

approach. Tho-o problona are caused by the unlquo role

‘of the ltconcod buying cacnta Ln ‘the. -urkoting .y-to-

tor'oxport ¢oi-oultiop,1n ngorlq. . ' N
In additilon to transporting these coq-oditipu, the
'\) a T

licensed hnyin¢7tgodt- ottpn havonto ugdohiake_‘hu-h

’ v e .

¢ru4§na,-tntlgg-- Alfpough thi. .tcgo is not connidorod

1¢w- .

X 2 - e
. L " . .,.-._‘f . . . . . -
KN LA . . L4 te
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in this study, it is a very important stege in the
marketing system of export commodities in Nigerie
because it makes it po..iqlo to ovucua%o produce that
vd;ld otnorel-o have been wasted. .

_The qollcctlbg by these igdnii'in>al£lu§¥”!£ll
organizeds If the Bo;;d- employ the -orvicgn of the
carriora instead of the licenced buylné agents, these
agents may no longer be wllllng to'undertok. the 'buash
coltection' -taao; Th; allowance which the sgentms get -
from the Bodrds for undertaking ‘bush collection' acts }
as incentive to them to buy norc brdduc. and thereby

make more profit by transporting their purchases. Since

the Boards cannot undertake the ‘bush collection':

ordofod to -hlp thol .purchases by rnll -1nc. tholr

. , : . e .
without incurring more overhead Costs, they are

compelled to continue employing the services of the.
agents instead of the carriers for transporting the

~

commodities to the demand pointmse

Tho results 6btn1ncd have soms: serious 1.611cutiono for

-odul Qo~ord1natlon in Nigorlno Tho Board ruton (Co-tZ

‘npdoi) uro co-pctlblo vlth tranuhip-oat to . othor »

‘ trgn-port.nodo- whilo the transport retes by thowcurrlir

-

(Costl lo@ci) are nots This nuzcdntiop_pay,bq quyc

- . ‘ 7

difficult td,l-plonont.,rhd llquc-d Shylng.uaont. have

their bvd-lbrrlil in -o.f'cﬁnoi&dn&‘vduld'ro..ut holng

-

~

_protit- -ould be consldorchty r¢duco¢- loroovnr. thn~"

- .

-~ T o - : . B . .
. v _ - uge ot
' . . ' : : R i e e
5 . i - . - : L S -
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o luottlclont u.q of the trnnnport dotqork. thi- qrcl

)

\‘~ qunllty‘ot éailwcy ‘crvlco- -uif’ulno havc'tovbo

- . | 356
o h '

produce at Lagoa of Port nurcourt port by road 1- nore,
f

pro-ptly paid than: nnothor nzont ‘that lhlpp.d by rail.

)Th‘ quality ot -orvicb. ottorod by. the vcriou- .
transportation modes slso creates further problo--.“.
Alfbough‘thé'co-t of moving freight by road ie higher

. 4
than ?oving';t by rail or watérway, fho‘ditt.r;nco may
~bo offl:tfby ﬁof;:r -.y?lco. For.h#&rpt:?.th; lorry .

picks up the ESommodity at the producer's farm and

-

eliminates transhipment from lorry to railway qagoh or
4 . - - .
_«river  bargese. Moreover, the lorries provide essential

. S . N .

5
v ’V;}plcnntarr service if portﬁg‘u,-rail services are

1btorrruptod by“vgpﬁ&ﬁt-, or there is an gxceptional
. v . . bl
- . [

lnrao bu-por crbp. In drdor'to h.ndlo 1n bu-od quantlty

ot nroduco the rnllvny- -u-t huvo“to qdd to its

Bl

-

“inventopry lncrp.-oq number of loco-otlvc angd wagons. The
- . - ' R )

- -

luprovcd it tno rnllway is to ottoctlvfly noot tho
\ < . . ‘e
co-p-tltion tori road tran-port. -

o

e .

Tho -odcl obtoinod tro- thc road trunaport dtﬁto?ontlcl

Q

Aot tho Co-nodlty Bonrﬁl (Co-tz lod.l) oncouragol -orq

'yﬂ«oanOying tho eoad trnn.port rotdl ot the tran-po

cttic.nﬁ utlllzutlon oi the trcncpbrt.tlon network bx,

o - -

trcn-hiqpln; to-thovch.‘por r.ilway and waterway, uodo--<rhi-
-

TR ‘ .

. ,-odtl'lu howovor -oro cq.tly thon tho -odol obttlnod tro- .

.

- -

oL ’ - . < ! ‘ L . . / * i = *
. . . . .
o e, . . . | Hp . . o o )

F'Y

.
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' pegbleén’ with Jegard to choosing which aspect of efticiency
._Highfﬁﬁ,-i!t!!“sbc‘éo-041f1 Boards pnoutd be emphasizings

The rdtc ot the Bocnd- in helping to png-ot. économic - ‘

. dovolop‘ont ln.‘ého country démands \}mt they be o-pl.oyod as
v . Y ° .
. . I.ov.rn.o tor tr.q-port co-ordlutlon. ‘l‘h%- -ugco.t. that’

t

tho Ooutfd- should cont.}nuo to .-ptoy the" llconc'd Jpuying
I ¢ -

Ly 0 ‘.nf- to undortcko tho .hlp-dnt- and alto -pkogtbo- -to

- "\

~ t“n-hlp *to - the' cho.por rnllvny nhd 'ntorny modes at the
p ,vﬂ.'.. L i ‘. - ’-f ‘ 4‘\); o .
traulﬂ.nont contn.. Aparfw tt-o- thb problo-t ot
4
!.-plo-ontlu th!. ’ppmch?ulrouty nntlon«l. lt implies™
‘u ) i Y

‘4_’“‘»-“’_" ‘e -un uttorn ot -hlp“nt- than o-ptoylnc the

4.

.\5‘

ort trolght. rates o(- caﬂ-.lorl (Costl Model) which

ukn lnottlclont u.o o:( the tcm-port.tlon ne tworke.

e . PO . >
e W it 1- tnthor dlttlcutt t0 decide vhcthoratho Co-odlty
. * e . '\ o

:g‘5  ho.rca should- be o-ph.-4z1n. making efficient utillzatlou of

s °

tln fun.’ort mtwrk or uvlu -hlpplac co-t-. ‘rho p:-o-ont

~

' m«mh tc‘ more: m.!tarl. to: uo

";un.t ﬁtplorod ln thn mlnl- doss

R
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results are very useful in Hi.pgfnd for the "‘future.

. . ‘ ¥
i o = ’ . . oS , AR "" -
- ,i;$;2 Suzsestiona for Eggxhnx‘lankn: '
t.- w iyt'hou’gh»thoro ;ﬁqn number of further studies related S .
) touxhi;ethla dl-.orfnt}ogsthnt could be .undertaken, fﬁil" ,)Ti;/*

"+« following areas 0f research are suggested.
b , '

1. #*ne Ilng.r cost function (which -poclt{oi that shipping

[N

'co-t p%r tonne of co--odlty 1- con-t.nt with ro-poct to

tho tonnnao -hlppod) was u--u-od in this stuady bOCQM-

¢ Lo

o 1t 1- conll.tont alth the roqu.lro-cnt- o! . l!aur M

progrp,ninc formulation. othor nltornatlv. co.t
. . Q' :‘ L
- V’l&\mtio”. .uch as zone rutes o.r decreasing fates ovor y
- » .‘ ..

& 1on¢ir dl.tnd.ay' may be l.nvpdt'catod. A

»

¥ 2. * The dogl.lon w.rlnhlo ln the -oabl wa- th. -hiﬁpina blll et

‘. of the Col-odlty Boards. Thi
(-4 .
- bill conolat of tho tlxod trolgh nto.stor .tho rnu.v.y R

‘ &'
nf wvaterway -oclo-. and ﬂ;o ro.d thchf‘ rat... The rocd

2 ‘ freignt mto- are nogotlnhto but are -upfp'u_oql. ’ -

«oicgonouily to the mode Le 'Thoéoior., a’sensitivity =

’&..1”1. .coutd ‘be ccrriou out in thise dlroctlon- such sn

Qﬂ.l'.l. voul.d lnvu’ilﬁtc the -hlpplnq f‘ttomc tug

e

' would ro.ult from chsa... i.n tho road troight vcfo- t“ -

tho lnpli.e.tlon of -ueh chcmoo

>~- -

j—:‘f " 3. 'l.‘h.lo -tndy lﬁb d.nou.tnt.d a.n .ppu.c.ﬂ.ou ot llm.r
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studied’ in ordor to @lnd out  whether sieilar ro-ult-

L Y . -
Q
wQuld e nthnlwod. Alao, it data ‘on -ct\nl shipments
. 4 . q . 14
- 0
Voco‘h. pval in the future, it would be intoro-tlng

‘atq. cohhrc th?o with the optin.l -hlp-ont- in order to
e, “g
ldbnt;:ty lnotﬂ.clonclo- in the . pattovn-. -

‘, % ‘ ’ ’ . ) : ' ”
\ . .
. . “ . . . i



B RGN ’ V. T - 260
o . . , .
™ L X 4’ N
. - iBFERENCES *

nAbouchn.u:f, Ao (1Q67) "Rat’oncl,lt& lw the !ovlet Count
Industry", Sgvist m Yole 18, pp 211—230-‘ . )
Aboycher, A. (1969) "The Teansportation Dual and Economic 'it
Planning" Iha Anndls of Ragiagal Ss.tam Vol.3, No. 2, Y
. L pp 178-181.
_Andor-on, Je (1967) "Poddor nd uvo-tock Prqductloa in. the ‘
' Uxkreine : A Case Study o M.lot icultural Policy",

 “Ine ‘Bams Lakes Gheseaphy, 111, Ogfigfer, pp 28-46. - '
"~ Balinskf, M. Ls (#9611 ) Wgixed Cost ‘rran.p.g-tat.lcn Prohlc--"

. °  Lesiatics Quariacky, ¥Fol. 8, U e
e Bnlln-kl. l. Le & 00-¢l,1 Re Be ( 96 s ¢ b, ' A lothgd.to:-
_the A--ﬁinnpt and Transpertatig e A, th ¥

) Vol. 10 pagbs 578-553/% .

- -

Raffeadch. *bkléqtlout. University B¢ Tovonto- r asy o .
| ‘Torond R S -
" Barf, R., %y GL Qvery P. & Ilina-‘.n. (1974) '*Kn L-proved
T Vorsloa ‘o the Outdot Ltor lqthod and a_ Co rafive
Stnd'y‘ ogputor q;«f:s v’ Mathematical ' ‘
Vole 7 1, pagé -87¢r '.:;'J T
Barr, Ro 'b.. Glovor, ‘Bé 8 xunmn. De (1877) "'rho Ay T
‘Altaﬂhﬂ.ng Bu.l.- Algorb'hn tor: A-.lzn-ont Proptems", g
- Bregramming o Vol. 13, mao 1-1 .
-« g BQI‘!'. Be Me,. 8 8-11110, Ke (1972) ”80-. B PR
Int.cpntctloﬂ, Ut Altérnative and 1:1-.1 sgl.utlon.
to the, Transpoifiation Pfoblem”, Iha anuu.n Gnmnhnu
Yoké XVI, Noo- 3. pp 355-363- . .
n.u.ot. We Jop 8 xuﬁu, He WJ (1862)""An Approxu.f. Algoritha
o for Fixed-Charges Transportation Probles", Naval _
Ve - Ramasrch lesxistics Quartarly, Vol. 19, pp 1-16. - \ N
- Baumol, Wi Je. & .Wolfe, P. (1988) A Warehouse-Location ‘ > -
Problea®, nnmxml M -Vote 6, No.- 2' PP ’

R 252‘2‘30 . : : T :
' 80’10' Be Mo L._(tsst) w mn:nuu Ln - S
R .'ll.r & Semise : ’ : . e
Bollnn, Re (1958) “)Notes on the Theory ot Dynamic .,
Programsing”, Masmasamspt Sclsgce, Vol. 4, pp. 181- “198.
‘ Borqo, Cs  (19862) m m u m. London._ ‘Methuen -6 Co-
7 Ltde. 0t ' L
-.~.‘B-u-. G’ 8’ choullrlpnrh Ad 119655 l:nnmm ganas. and
R St i w + Londoney Methusn 8 Co Lide
a ‘e 8. ofny. ‘Peo (1973) &otvork Dm.n vlth

v‘ ml&bh.qcut Ehmt-", W -

by 49<T4. T

"m lilttlon.hlp utn@ 'rmmttutlu CO.C.




A “._\:‘,v . . i ‘ ’ "‘g

2 ‘ ) ) 261

A : ' ,*’ \]
. % . Jeurnal of Arcicultural Econg yo}. 54, pp 126-130.
Capsetti Bmilioc. (1966 ) "Opﬂ.-nl Lo@ildh ot Steel Millg .
SQrvln $%e Quebec and SOuth‘ru Z;g o Steel ﬁarkcﬁ& -
, ' Smographer VOL. X, NO, 1'% PP -27-38. ~ "
o Chandrasekaran, R. & Rao, S. S¢ (1977) "A Special Case of
<« the: Trdblpogtstlon Problem', Qﬁ.g.j;nn..g....ggh.jﬂol.-
25, pp 525~BZSJ
Charnes, A. (1961% ‘Mansgemsnt Meodels and Industrial
9L Linsaxr Programmipngs Vols. I & II, New
. - York 3 John Wiley & Sons Incee - -
. ph.rno-' A« and Cooper, Ve '.,"!anuaonont Mode ls cnd
e _ Industrial Appllcntlon- of Linear Procru.-ina”
7] 4' 1. 19570' ’ v
, - Charnes A and Cooper, Y. '.fﬁtho Stepping-8Stone lothqp of “a
£ Bxplslnlqj Linear Progranmigg Calculations 1n
. Trsn-ﬂortctton Problo--“,\l.n;g.-.nx angngg, 1, 1 _
é - 10854. . A
.© ., Coley Le Neo (}968) Trcn.port Iuvo.t-.ﬂt ategies and.
. Economic Qovolop-out" L;n‘ 3ggngqxh.2t;ol. 44, pp . *
. 307-317.
‘ ,'fCoop.r, Leon (t972) “IT'he Tr.n-port.tton—Loc.tlon Problo-"
r 3 Qnarations Rassarch, Vol. 20, .pp 94-108. o
" 'Creamfans, Je Eey Smith;" Re Ae &.Tyndall G.R. (1970")
Y, "optimal lulttco-odlty Net¥ork Flows' Problem", Naval
*'" " . Reiharch’] ouaterly.Vol. 17, pp 269-281. .
-D‘q‘l Gy Coy, and Gazis, D¢ Coy (1976)"Optimal Control of
e Ov yurotod :§tore~and-Forwvard Transportation
. Net ﬁ‘ﬁ- Ly n.nmmxm Sclsnce. Vol@w.wlen. Pp
: . 1=1 6 «a '
) D-.ntzlco ‘. Be (1981)9"Appll.cntlonl of the 81-plox lothod to
\;. T e Trqaopontctl.oa Pro\bl-on", in, Te c.loopnao (Bde)!
*L4 o Agtivisy un‘mmmuhmun. viley.
" Dastzigy G. Be L19865) "Llnomma.-l, Unded -
” o ﬁncorhln*r" wm, Vole 1, pp 187-206.
. Dantxigy G. B. (1963) Ligascr Proscamatna snd Bxtenslons:
. Pﬂncoton Unlvornlfy Premn, Prlncotoa. New Jérsey.
o ... -Dantzigy G« Boi Fﬁl'd' Le . l-. G*lulk.r ony ‘De Rey - (1956) Wy s
-"“'7 RS '1»-‘-.1-:-& A%loﬂthi for lai.u‘dqf n.w v &R m
' ‘and Relsted Svstems,’/Kuhn end Tucker (-uh :
T ’\Peltéotou’: Prisceton University Press, 18666 _ _
o Donni-' ‘Je Be (1888) "A Righ lpodd Oo-put.r Tocl\niqxs for
. Y the! rdn.m‘trtl.oli Problem®, Jqu oL ~w”— I
' 3 'é!» 5} p’ 133-18 A

3e




262

April, 1977,
- Federal Republic of Nlaorlu, (1975)2.1.:_..1 l.gnnr_t of tha

Anti-Inflation Iamk Force, Federal Ministry of
Information, Printing Division, October 1978« Lagos, *

- Nigeriae.
Federal Republic of Ni.orla. (1970 )mm Natianal

Developmsnt Plan of Rissris (1870-1974) ,Federal
Ministry of Information, Pr‘ntlu Divisiony Lagos, -

. Nigorln."lﬂ‘w. \ .
Federatl Re ic of Nigeria, (1977) Eirgy Prodress Rapert on

_ihe National Devalopment Plan. 1878-1880Q.The
lanning Office, Federal Ministry of Economic

Central
.. Devliopment, Lagos, Nigerla. oy
‘doral Republic of Nigeria, (1965) Statemsnt of’ zg_LLgx on

., Irpnanort, Sessional Paper, No. 1, Printing Division, .
+ Federsl Ninistry ofjInformation, Lagos.
Federal Office of Statistics, (1976 )Digaat of a.n.tmm
-t an. 25, Lagos, Nigeria. .
T e ‘Office of Statistics, (rw"u Exteranal _ -
’ Rale » Lagos, Nigeria. ; ;
.R.. ‘6 Fulkerson, D. 3!‘; "1956 y"Solving The

-bort.tion,,l’robl.o‘ W w, Vol. 3, Nos ' .

: Ly PP 2482, ¥ . .Y - AR - 3

Ford, Le Re & Fulkerson, D. R. (1957 ) 3A alnplo A'(gorlfh- s &

T tor Findlu Mayimal Flows and an pllq’tion to the™ .. y
2 j}tchcoox Prohlen*yCanadian .[munsl 2L mmnm.; Vol- ,

. \- 9' PP 210-218. ' .-i

¥ Ford, Le Re & Fulkerson,; D« Re (1957) "A Pr.l.-&l Dual . .
v . Algorithm for the- Cap.cltatcd Hltchcook Proﬁ!.-" Hl!l.l L

. Ressarch logistics Quaterix, Vol. 4, ‘Noe 1.
Ford, L. Re § Fulkerson, D: R. (19@)2].“1 h w.
Princeton University Press, Priiceton, New Jersey.

Foxy x"‘ 2(1953) $A.Spatial Equiliprium Model of the _
. L1 cx-p.c Ecofdny of the United Stwtes®,- - - °
) Yol 2lg ppe 547-566. ‘ LT .

- Pulkor-on. De (1961) "An Out-of~Kilter lothod :!or Minimal
T Cost Flow Probleas™, mﬂ. of WOI. 8, No. 1.

B a Gartlikel,; R. 8.8 Rao, M¢ Re 1971) "The Bottlenidck SR

e N 'r:\;n-poetatlon ‘Preblem", Naval Reassarch w - .

. . 'y Volb 18y pp 468'-492. :

¢

] | .
‘Garviny We Ve-(1960)Matraguctisn io Linsak Prosramsing. -
MoGraw ﬁ,ﬂ.l Book Cupsny !nq ., lo' !oﬂ, ‘Toronto, . - i




PR } | . e 263 .

'ﬁ - ‘ e
Reglonal Dov.lopnont" Economic angg.ghx Vole. XLVIy pp
61{2-619.

Gczlqh, B. & Schwoltzor,*‘ (1974) "An Alghrithn for 0
Combiming Truc Trlp-", Iranaportation Er.Lm, Vol—-&‘iﬁ~
pages 13-23, T

Gavish, Bes, Schweltzdr, P. & Schlltor. Be (1977) “Tho Zero

. Plvot Phenomenon’ in the Transportation and Asi Lgn-ozp
Problems and its Computational Implications" 1&
Mathamatical Programmingy Vole .12,  pages 226-24 -

: oho-h. A. (1965) Biticiency in Lecation -end Intar-Rasional
*Floxs + The Indian Cement’ Indu-try'nnpina the Five’Year ,
Plans 1950-1959. Noeth-noi\.na Publishing Company,
Amnsterdan.

"10
e

o . . Glo%er, F. .8 Kl % n. De (1870) ‘tOcatlng d%oﬂping-étoﬁo ;{;
CE e Pdphs 1Q§nlctrl &tlon P” bloi& via the’ Prodbcp--or Indox T
: *.ﬁcﬂ” ) g &VOIQ‘Q' No. 2y PP

or Tree Dual -Approximatien - '

ion Problem", Manasesent -
y ap 574~583.. 5

‘ Gtovor. Fe. (1972) "nzohor o
Methods for the Dimtrid

‘S8sjence Vol. 18, Nas

o 'aaﬁwof. For Kndney,4Ds- 'ngman, Dy (1913) "ﬂu Aumntod )
5 w‘_' wProdoc..nor-lndo' - for Locﬁttnp Stepping-8tone

. " "w. Ppefms and A--l.cnlac Duai Prices Qlotrl ution ., -

S ‘Problems"™, \ 25 Vblq 6y Noe. 1, pages
' ‘v 171-180. " * . * T .
- Glover; F., Karney,’ D.. Xlingman, Dey and Naplor,on. Sl
(1874)"A Computa tich Study oa Start Procedures, Basis %

_ . Change . Crltorlc, and Solution Algorithas for -
S ) Transportation Prohlo-."p ].a;gg..a; a;x.nsg. Vole 20.
: - . Noe ‘8, pp 793-813.

Glovor, Fey 8 Klingman, D, {1972) "n!ih-r Order Trco Bpnl
Approxilntlon &.thod-'tor ‘the Dl.trlbutlon Problo-"
Ilﬂlllllli Bcisnce. Vol. 18y Noe 9y pp 575-883. -

3 Glovery Fey '8 Naplesr; ' Ae (1973) YA One-Pass Algorithm to
-~ Determine & Duab P.-lhloancnﬁc olution for e Class o  *
. ., Capacitated Generalized thmn-k- ' m Who '
d . .7 Vel 20, Noe. 1,_& 126"1370 o : oo ‘ : e ’
Glaver, Feo llinghcn, D. & stutz, Jo (1913ﬁAg;¢aiii§ .ot ,~.:

. lotvork-?tobln-'
Glov’a, P\.xltﬂhctnn'




@ . - 264

Jrran.portction Peehkcn oy Pf*ill Parti tioning
©. . Programming", In.hgna.t Jcisnce: Vol. 14, No. 8, pp
t, o* 565-599, X ; ‘
Hasland, C.. I.. 01977)"3y111uh111§y and Shlp-ont of Graln
for Surv;val of a Nuclear Attack", e..:xg.n Journal of
‘PP 358" 690 )

Agricultural ¢ Voly .58y:
Hedley, G. (1862) Linaar Pro mqu,h nyt-.
Addigon-Velsey Publishing Cofpany; Ince

Nealey,§7 (1764) Nonlinear sbd Dxnsals rogramaiiis .

Reading, Massachusetts, Adison Nesley. . b

n 6oyn Ke Bﬂ‘!1962) "Thp Siting of DOPCfl" dnteroiticgal

s Rassarch. VolS 29 "‘3‘00 1. . . o *
n.toy. K. 1 63) "The Nulti-Index mnuu"' Qpardtions . .
, x...gggh' Yole- 11, pp’ 368“379..-- - w x] . o
153,,. Hmlcy. ‘. Be- (1862)"The gol, dgfc.n-portttlon Probtoy" Coee, "
t . Yol 4' .WIO' NO. ‘, pp. 448"4630 ‘

H

% . »(19 tnt.ﬂnlin!ll : Lt
T Aaduagey, st - la!ﬁln!- -c,~ﬁov Yorke . L
RS v e RS (191?)”“Th‘tﬂdad‘lthaﬁlon ©f Development, . @
R gions in- Dovdlopln Com ffl..““ﬁgg‘ﬂ.‘g gggnggnnx Vol. R
"9* -%¥"'48, pp 226-243. . F . .o
JBawkine, B. K. (195%1&“ J.':mn‘:.rd.a Migsriad. oxtela ',"
University Pres Lgndom.__ . _ *

© .- Bayy A. M3(1958). 1hif. Jmpsrtance 92 Passenser mnnm ia.
R Nigesia, Oxtord University. Pi‘-.: Condon. B .
Hays, Ae Mo (1868) "The Develupment¥of Road Transport in
dournal of Iranspert BLatoi¥, Vol. 1(2), pp 85-107, ...
Hay, Ae. l(.hi 71’) "Connoctum ‘and Ordentation lni‘ﬁi’m‘& it-t;

o Africaw oad Notvork-“, Rggxnngl SJQdLQIQ Vol. 15, op gr.
: : 346-387.

“%#Hcy. Ao M3 (197%1 "Crop larkotlng Bonrd- and Transport,
Pollcy in Nigc la. 1950-1864" Jggpngl of Iz.n.gnz;

L

Bnn.npusn aad: ; 4 PP 171-180

nondorlon, Jeo May 119856) "Efficiency and Pricing in the Coal
Indust n.uu 3 Bﬁ.nmns: m smmxu. Vol.38, . .
pp S0 0. 4 |

SRR nﬂmoﬂun. ‘Feo Moy (1988)1:;. gle ‘ot m Qn.nl Ihdustry, e
' - An Asplication of Liosarx mm-nm. Cambridge, Havard -
: Unlvoe.lty Press. -

nltllorb Fu 8¢y & Ll.abor-‘n, Go Je (1867) In:xGHHESAan 19 . '

: %4 Remsarab, Seo Prunclsco. Calltoralc, : o
g lﬂc.oo - - ) P :

nitchcock. ‘Fo Lo (1941) “Tho Distridbution ot - Paoduct tro-

o _ SQvor.l Sourc-- to. N’_jron- Localitfes" Jnngngl ax
n ""' PRy v m .10 ”Q -3 - 38 22‘-2300 ‘
Thas liﬁ




b ‘ Lo
5. _ 265

v Jicbb-on,‘x. S. (1978) "On the Use of the'Tree Indexing

‘. Methods in Traansportation Algoflth-", Europsan Jouxanal
. 9L Querational Ressarch , Vol. 2, 95!!. 54-65

Johnson, E. (1966) "Netwdrks and Basic SSlutiona", e

Sparations Ramearchs "Vol. 14, ppe. 619-623.
Judge, Ge¢ Gey & 'Qllaccg Te De (1858) "Estimation ot Spatial

Price Equilibrium Nodels", Jnn:nnl at Earm - Bnnnanxnl ’
Vol. 40. pp. 801-820.
Kampsax Congulting Bn.lniﬁrn andgﬂcono-l-t-. (1973) Nigerlian

'), Highway Maintainangs ' »'Vols'2, Final Report,

.

L}v . Lsgol/Coponhugon.

‘ 92 ihe Ragional ‘Scisnce Ag
- Kondory @+ (1966) "Elabours tid

A
,‘Pl.h.l, c. H

looblo. De Ee (1967) ”lodtﬂ- aof Bconomic Dovotop-ont" in’

- Seclo-Economic Models in Gaggraphy by Re Je chorloy & P.
Hagget ( eds) Methuen, Ltd. pp 243-302.

Kennington, Je. & Unger, Es (1973) %A 'New Branch and Bound
Algorithm for the Fixed~Charge Traﬁ-port.tlon Problem",
Managament Scisnces Vole 22, No. 10. -

Klingman,“D., Napier, A.dd Stutz, J. (1874) YNETGEN : A
Program for Genep arge Scale Capacitated '
'Assignment, Transp + ahd Minimum Cost Flows in '~
Network’ Flo- Pronl "];ngggggnx nggng., Vol. 20; Noe. %Q
" Se b C :

Klingman, De & Russel, R.'fi, ) "Sblvlng Constrained '

' Tr&n-ggrtatlon Pbohloa-., nhgggxlgg- Resssrch, Vol- 23.

Ay -

-,

~ Noe pp S-106. . .
‘Kébppmans , Te Co (1949) "Optltu- Utilizetion of the : :
Tran.portutlon Sy.to-“ EBcononetrica Vol. 17 PP 136-146. .
 Roopimans, Te. Ce, (IOSIJ Qﬁj‘:&jz Anllxlll af and
. Allegcatiopn, New Yogk ¢ Wleye - .. - C

.xoéh, ‘Re .8 Snodgrno..,lol., (1989) "Llnoar Prbarn-nlng Lo

‘Applied to: Locatlion and Product,?_ov Dotor-insﬁlon in
" the Tomato Processing. Indugtfy" i

.v"VOIU SpAﬁp 151“16203

et ans lgl-uu rrun.pqrtatlon

: nud“Proe.-ntnc Program for sugcr-; ;
Le 6y Nos Lo - . .

D61 ). "Icrchouolnn 'ith Tran 1picn$ Undbr '

Sessonal: Dinanu“ Jnnannl 22 Ran&annl asxansa' Vol. 3,
"0' 11 pp 51—39._

“.{1}1...1. He Ceo t1968l "itrkotln. otmcroundnut. 1n4ki.or£uﬂ ::

gn:nnfg&a- for he andx nz Illanxnn Buasl‘
ole. LT




266

-,

University of Callfornla LS- Angeles. \
Lemkey, Ce Esy (1954) "The Dual Nethod of Solving Linonr ,

Programaing Probles", Naval ol Loglatica nnn.uclx- -

Noe. 1, pp 48-54. ,
Mackinnon, J. G, (1975) "Algorithm tor th-'Gonorqlizod

Transportation Problem"™, Papar Nas 184, -

doatitute for Ecenamic Ressarchi” ouoin'- Univeraity,

Kingston, Ontario. _ : - B b

ualoﬁ—ZQvarol, M & Frischy I. T. (1972)"0n the Fixed Cont . ¥
' Flow Problem", Intsrnational .l.nu:u.l. af cgnj:.mlv Vol. v
16' Noe. 5’ PP 879"‘9020 . w
lart\nnd. Re Ee (1975) “Analysing lultl-Con-odity .
‘Distribution Networka Having Milling~In~Tranmit
- Features", Managamsnt asum. Vole. 21, No« 12, pp
# 1405-1416. . =
ltdlor, Je Lo (1968) "Stochasti ultiperiod, Multimode,
. Xransportation lodcl" Igggzg:gxgjign Scliance, Vol. 3,
G _.Nqe 1, ppe 8-29. ’ e ,
-k ﬁ&ll;f, Re (1983) "Alternative Optima, D.cenoracy' and @
sputed Values in Linear Programa' J_nur_n‘l um].
Solence sy Vole S5(1), pp 21-31, :
.{ﬂﬂ&rg. ‘Fe Te (1959) "Discussion : Linear Progrhuni in
To-ffo Proco-llng Indu.try".:gngg.; R.glan‘l .
. ’ Vol. 5' pp 163-164, ’ ) L
Morrill, Ry /Ls & Garrison, We L. (1960) "ProJoctlona of ‘
‘ Intorroglonal Patterns of Troade in.Vheat and: Flour“
Ecenomic Geogramhy, Vol. 36, pp’ 166~174).
fﬂ?th.rl.ﬂd- Bnglnocrlua~Con.ultduts (NEDECO ), (19870)
*  DRavalopmsnt of ihs Parts of Nigsrid £1970-1880),
" Nigerian Porta Authorlty..(lQ?S) _ . 9L ihe Nigerian’
: * Popris Authoriiy, N.P.A. Headquati Stegody; Nigeria.
Nigerian Ports Authority, (1916[ﬁ377)&§hn31 Iannn::. NoPcA.
- noadquntor-, Lagos, Nigerieae. .
*Nigerian Ports Authority, (1976) “Port Congo.tion in ngoriu
. and- How it was tackled by the ngorlan Port. Authority"
2::4: zznn:axnd at the Eaourth Contsrence 2% the Rory
Assaciation of Nast lﬂﬁ.ﬁlnxxll Attinl )
' Anln;t 2~ 6, Luaoc.-ulcorln. o
Nigerian Railway Corporation, Anpual Bamt;t.l.-. 1&&1_1.211
Rigoa#tu !ullvty nondquartor-. Rhuta lottn. L‘co-, - .

uy.y. nn&qwtou, (1970) Iarcift Moa 8a nu.nx

lnﬁ Enanl.anzzlsano Nisoﬁrun'tnllwsy'
’t'»_otta, L;gga, llnnrlu.' .

£,
L

e




vy . W
@

267

Sl
I‘An Appllcutlon to tho,Groundqut In&u-try ln Nigorlu“
. ‘Uopublishsd Phe D Ihasim+ Northwesterp University.
. Oiﬁilawo-o. Ie (1973 )"The Evacuation of Groundnuts 1n
Nigeria 2 A Linear Programming Approach" Tha ]
y : mmluwmmmmumvu-ls. o0e 14,

o

d PP 58‘69‘
O'Sullivan, P. (1872) "Llnour Progra.nlng as a Farecasting
. Device for Iutorrcalonnl Frelght Flows in Great
., W Britain'; Regdonal and Lrhan. Eéenomlcm, Vol. 1, No. 4,
- pages 383-396-
‘Orden,y -Aes (1956)‘"The Trsn-blp-ont Prohlo-" l;nna;.gnx;‘- °
Sclances Vole. -2y pages 276-285. i :
Oautoyinbo. Jeo. Sy Areola, 0.9.. & Filani, M, (dda) (1978),
‘A Gesgraphy af Nigerian Davelopmefits Heinmann
Bduccttontl Books (Nige), Ltd. ‘ o
Quandt, ‘Be (1860) “podelws o2 Tranupqrtation and Optlncl
N'*vork Constructlon", Jmlmnl ot Regional ssnm. Volga
2’ Noe 1’ pp 27”45.- . PP
' Reinfeld, Ne V. € Vogel, We R.~(1958) Nathhm ‘ )
- & . Rrusrasmlag Eulovoogu ‘f!..‘-?}' ,4';__9_" Ha bl Inb..' New
: L Jersey. - LY w Y

tce B lisriym and ﬂn"
_W;ﬂx‘&u‘nv,. L

kgciunl.nn, Pe. A..(1952) "Sﬁ_ P
B

‘ Linear Programming" !hj
-7 . 283-303. - R _
" snmrbnsn Be (1964) Ihe Damand m Inlsng u.-hxuz S
W? Abstract ot a Ph. D-(%--ortstion, :
- . Purdue Universi#y, Lafayette, Indiana Ve S’ Acs
: Snldof, Fe ¥W. (1859) “Nochunl--. 2oy Linear Progrems"
' leurnal g9f ihe annm Rasearch Snn.u.tx Lar Anx:.l.u-
) Vol--7, 'Noe ﬁo

Srinivasan, Vg (1974) ”A Tran-bip-.nt lodol for CA-h.

. :Management. Dcclnlon.". ]nn..gihnx Vot. 20. No.

, 10y pp 1350-1363. - Yt e ] ST
Srinivasan, Ve & Thompson, Ge L. (1672) “Accdlorat.d ' C
“-." Algorithms for Labeling and Relabeling Trees, with :
o mlicwum o mﬁu»mm Problensh, Jeurnal a2 m .»

ummmuwmumx. Vol. 15. Noe 4y
. peges’ T13-T26. = - L

Srlnlvt"n, V. & Thompedn,: G. La (1973) “An Alaordth- tor
gning Uses to Sourcea in a Spoc.{st Class ot '

"'»-'lem", mmm-mum. vél# 21' '

-




2 . L , R |
. i . > .

[ . | e s 268

* o e Tran.portation in Roalonal D-volop-cnt" Lnnd Egang.‘g.
Vol. 48, pp 212-219. v
v Stringery Je. & Haley, K. B. (1957) "Linear Progtauning in
© s Transportation", W gf the Firast Intefnational
gpnxaxansn on Ouecaticnal Rnlnnssb. The Bnaltnb
niversities 'Press..
- Szwarcy W. (1864) "The Tnn-portntlon Probh- with
T Stochastic Do-.nd"nt W m?t le. 11, PP .
- 35-50. / - !
. Taaffey Bé Jey lorrltl, Re L.. & Gould. Pe Re (f963) SN
- "Transport Bxpansion in Underdeveloped. Pountrids : A
Comparative Analyais " w Ravikx Vola 53, pb
503-529. h
Tomling Je Aes (1966) "lu.nimum-(:ost lulﬂ.con-qﬁlty Network
Flows",Qperatlons Reasarab anatnxx [-5 &8 :
Vol 14’ Noe I' Ppe 45-51., - ;
 ~Tyrchnlewiczs E« W. & Tosterud, Re J! (1973)"'"£’on1 tor
Ratlionalizing the Canadian Graln,rrunspo;‘
' Handling S?-fo- on a Regibna o sish, 2 H'tf
“ of dRricultural Eoopomics,” VOUR: 55, pp; SQEXES
s Van de Panne C.° (1971 ),Linsar w and :
, ] IsacHiniauess North: Bolland/ﬁurlcnn Blaovlc E
¥ . Company, An-tordan. Coe
_ Vidale, M, L. (1956) A Grsphlcal Solutlon for tha
o : Tru-mtation Pt‘oblc-", nnm:u.nn‘ Ressarchy VQI. 4, PP .l
w? - 193-303.. 3 -
* Vagner, H. M. (1858) "The Dual Simplex, Algorithm’ 'tor m d

Yariables", Naval. m.tu‘.s.h Logintics m:iulx', v

Noe Fe . {J ) 4
. Wagnery E. M. (1959) "On a Class of Capaci tated . L
LA X 'Transportatioh Problc-" - Sclience; 701- 5(3).’ -

2 pp- 304-318. : , )
'olnnnct. Be Cy (1973) "so-ﬁs;ntlul A-pnct- o:t Bconmuc '

“Development .in ngaric" mu W Mm Voi.
7- P 247—264. ’

' 'dh‘utruub, Ae ('1974) Wi Prlut Alaorlth- to Solve chvork A
g' _ ‘Flow Problems vt;h/c’ogvox Coct-“. W ng“ . (
- y VOIO 21' No. l' PP 87"97- - e o "
, '.-t-rn Nlaoﬂ.‘ lar“ting Board, (1977 )W I
C g7-00 Yssjecn Statas of lNigaris JAe o,
R m..vo Btatistiacs 8oeﬂ.ony Vestern Stats ln‘k.'tinc L
.. DBoards Cocos. louuo,. Ibadan, Nigerdas . . . ' e

I Vetsy Re( 166 ) "Programming Under Uncertainty 3. ‘.l’ho L
el Bqulvﬂ.ou‘t canvcx Ptodrln" m n.t “‘.‘- Mﬂl& unu e
VQlo 1" ” 89-;“. Lol Rad : . ..

‘(10963 A o




e " 269

. o

o <S - : o ' o o - - o
' Industsfy", Qonerationa Resssrch Quaterly, Vol. 10, No. 3,
pp 131-137. . ‘ . R

. ’ o
b



. ~ ‘ : : 270 -~
o - L - . .
. . M B k - . R L. R . o _L¢~_"_- R T T - » e s
SR . c.oaeemwpIXr €. 7 L
L e ] - N -
. e E‘IBLB QHIAINBD ERQM IBIIH ﬁf,ﬂﬂlﬂlﬁﬂ Eﬂlnz T

? : ! ™ - ’ ' . <
, . . S
- 'NOe NAME OF rovu = na;«x-)'. 'cthna ‘
% fe aBA @ 307, . B.02 0
2. ABAK SO 4018 - 0 6424 - .

2 ]
-

v © Qe ABAXKALIXI CL g R . e 50?9 . R} o L R ™
o 4.. 'ABEOKUTA < © & "R Y £ T T e e
| A T N L A S P
- 3”) . ‘503‘ U C . AP
‘ ' Ggot "ﬁwif' l?, B ':1@ Soae
. e 3.89 Y .

8807 Ly

L. 100 ot : - 404 ‘3‘174 AT -
3 u.hm:. T . 38 4.27'~~ CY N
13+ CALABAR. | . 493.{,‘ 4370 DO
oo \.131 . nm : - o ‘ “o ‘ * 6«30 o Lo ST -
T 14 e -  A8T7s | 4418 R AR

-398. “ . ' 6082 ', Lot . g. »
935, aEeso -0 o

-

T 17 .".8510. < 7,03 . T R
T 18 . 1048e. 4+ 2810 L0 0
) ’lpév Sytﬁquh~ j.18.35 ;5“; ST
20, T 30N T .88 U e o

Jude o
3.98. 0 IR ' g
6038 Coe Y




490,
50.
5t.
52.
53.
5‘.
SSe.
S6.

SHAGAMU
SOKOTO
UBTAJA
UMUAHIA
UuYOo
WARRI
YOLA
ZARIA

266.
1022.
109.
280.
377

101, -

1108.
872.

4.806
18.50
6.20
4.18
b. 06
2.85
14.87
15.19
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NO.
1.
2.
J.

5.

6.

7.

8.

9.
10.
11,
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28,
29.
30.
31.
32,
a3.
34.
as.
36.
37.
38.
39.
40.
41.
42,
43.
44.
4S.
46.
47.
48.
49.
50.

SAMELE OBTAINED WITH CALADAR AS LQARING PQINI

NAME CF TOWN
ABA

ABAK
ABAKALIKI]
ABEOKUTA
AFIKPO
AGBOR
AKAMKPA
AKURE
AROCHUK WU
ASABA
AWGU
BENIN
EKET
ENUGU
ETINAM
FUNTUA
GBOKO
GOMBE
GUSAU
IBADAN 7
IDAH

IFE

IJEBU ODE
IKOM

IKOT EKPENE
TILESHA
ILORIN
ITU

JOS
KADUNA
KANO

KATS INA
LAGOS
MAIDUGURI
MINNA
NSUKKA
OBUBRA
OBUDU
0GOJA
ONITSHA
OPOBO
ORLU
ORON
OSHOGBO
OTURKPO
OVERRI
ovo

PORT HARCOURT

SAPELE
SHAGAMNU

D1 J( Km)

143.
87.
278.
767.
125.
381.
40.
621,
96.
a12.
217.
493.
62‘
278.
78,
1178.
515.
1155.
1090.
796.
402.
679.
684.
152.
108.
706.
851.
69.
872,
1036.
1289.
1467.
784.
1467.
861.
320.
160.
319.
289,
301.
104.
238.
24.
737.
40s.
201.
571.
198,
463.
716.

Ci JO(N)
6.15
5.89

14.75

30.59
$.89

16.87
4.20

23.45
b. 21

12.32

11.48

18B.26
2.92

14.70

4.29 ¢

49.95
24.07
46.29
53.84
28.48
20.09
24.33
25.65
8.30
4.76
25.27
31.25
4.32
37.55
43.39
48.66
56.04
28.37
58.26
40.29
17.48
3.65
4.72
4.83
12.16
4.91
9.56
4.50
27.81
28.57
8.09
23.35
8e47
19.23
27.44
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51.
52.
§3.
S4.
§S5.
56.
57.
SR.
59.

S0KOTO
UMUAHTA

uyYo '
WARR

YOLA

ZARIA

ETINAN TO UYO
ORON TO FKET
ORON TO UYO

1153,
153.
69.
491.
¥134.
1120,
‘6.
45.
52.

57.32
7.18
2.60

21.54

45.73

40.82
3.70
4.40
4.60
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NO.
1.
2.

4.
Se.

Te
8.
9.
0.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
,46.
47.
48.
49.
50.

SAMPLE QBTAINED WIIH ENUGU AS LOADING PQINI

NAMF CF TOWN
ABA

ABAK
ANAKALIKI
ABFCKUTA
Al TKPO
AGBOR
AKURE
ASABA
AWGU
BENIN
CALABAR
EKET
ETINAM
FUNTUA
GOMBE
GUSAU
IBADAN
IDAH

IPE

1JEBU ODE
IKONM

IKOT EKPENE
ILESHA
ILORIN
ITU

Jos
KADUNA
KANO
KATSINA
LAGOS

MA IDUGURI
MINNA
NSUKKA
OBUBRA
OBUDU
0GOJA
ONITSHA
OPOBO
ORLU

ORON
OSHOGBO
OTURK PO
OWERRI
ovo

PORT HAROCOURT

SAPELE
SHAGA NU
SOKOTO

UMUAHI§\’_
UYO RN

Di j(Km)

183.
255,
81.
547.
147.
188.
428.
118.
61.
257.
278,
257,
235.
916.
893.
1029.
1560.
118.
486.
491.
190.
187.
512.
658.
219.
610.
774.
1036.
1205.
591.
1204.
599.
S8.
124.
251.
201.
108.
299,
125.
264.
S544.
169.
148.
378,
251.
272.
523'
1274.
135,
219.

CLJ(N)

Be72
6.03
5.50

20.61
7.00
8.75

16.27
6.13
4.29

10.35
7.84

12.69

10.12

28.26

28.07

J4.68

43
.58

17.63

17.25
3.29
9.51

18.02

22.36

10.04

20.56

27.23

35.5%

36.44

21.26

35.75

23.67
3.02
2.68
6.47
4.89
6.11

10.43
8.63
3.48

19.27
8.09
8.51

15.28

10.22

12.60

16.94

40.08
6.29

10.76
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S51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66'
67.
68.
69.
70.
T1.
T2
73.

WARRI
YOLA
ZARIA

AGBOR TO ONITSHA

UGHELLI TO ONITSHA

AHOADA TO P. H.
OVWVERRI TO ONITSHA
ORLU TO ONITSHA
A¥KA TO ONITSHA
IDAH TO NSUKKA
AWEA TGO NSUKKA

ENUGU

T

O NSUKKA

ENUGU TO AWKA

AWGU
AWKA
AWKA
AWK A
ORLU

TO
TO
TO
TO
10

OWERRI
OWERRI
OWERRI
ABA TO
ABA TO

ENUGU
AVYGU
OKIGWI
ORLU
OVERRI
TO UMUAHIA
TO ABA
TO P. H..
P. H.
UMUAHTIA

304.
871.
858.
70.
164.
79.
55.
37.
78.
10R.
58.
71
42.
66.
72.
52.
38.
62.
61.
113.
64.
55.

11.59
28.72
27.66
S5.00
7.50
4.80
5.00
4.90
4.00
$.40
6.00
4. 00
$.00
4.70
5.00
5.50
4‘ 80
4.30
4.70
4. 80
$5.20
4.50
4.70
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NG.

2.

3.

4.

5.

6.

7.

8.

9.
10.
11.
12.
la.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25,
26.
27.
28.
28.
30.
31.
32.
33.
34.
3S.
36.
37.
38.
39.
40.
41,
42.
43.
44.
4S.
46.
47.
48.
49.
50.

SAMPLE QBYAINED YITH I1BADAN AS LQADING PQINI

NAME CF TOWN
ABA

ABAK
ABAKALIKI
ABEOKUTA
AFIKPO
AGBOR
AKURE
ASABA
AWGU

BEN IN
CALABAR
EKET
ENUGU
ERUWA
ETINAM
PUNTUA
GOMBE
GUSAU
IDAH

IFE
IJEBU ODE
IKOM
IKOT EKPENE
ILESHA
ILORIN
IWO

Jos
KADUNA
KANO
KATS INA
LAGOS
MINNA
NSUKKA
OBUBRA
OBUDU
0GOJA
oNI1fsHA
OPOBO
ORLU
ORON
OSHOGBO
OTURKPO
OWERRI
ovo

oYo

PORT HARCOURT
SAPELE
SHAGANU
SOKOTO
UMUABIA

Dij( Km)
610.
672,
640.

77.
634.
372.
206.
443.
§55.

- 303,
520.
717.
560.

53.
690,
893.

1226.
843.
515.

89.

69.
724.
679.
122,
159.

42.
938.
758.

1007.
1068.
143.
590.
607,
658.
858.
808,
452,
761.
540.
729.
113.
827.
§55.
258.

S3.
658
354.

76
882.
582.

Ci1J(N)
23.78
26.53
24.63
5.00
26.59
15.91
12.54
28.06
23.87
13.76
27.00

_29.61

22.08

$.00
27.11
34.27
37.43
31.62
28.04

5.50

5.20
31.26
25.37

§.41
12.189

4.40
30.27
30.81
30.22
38.18
12.20
24.73
25.01
30.68
30.24
27.45
20.17
28.36
23.41
27.93

8.38
28.16
23.57
13.74

4.50
26. 35
19.40

$.30
34.39
26.14
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S51.
52.
53.
54.
55.
S6.
57
58.
59.
60.
61,
62.
63.

uyo

WARRI
ZARIA

IFE
IFE
I FE
IFE
IFE

TO0
TO
TO
TO
TO

WO
OGBOMOSHO
OSHOGBO
ILESHA
CNDO

IKEJA TC LAGOS
IKEJA TO ILARO
TKEJA TO ABEOKUTA
SHAGAMU TO LAGOS
IJEBU ODF TO LAGOS

687.
404.
829.
52.
92.
58.
32.
61.
19.
54.
83.
68.
100.

26.19
16.23
30.06
4‘50
5.70
4.80
J.50
.00
J.80
4.50
5.40
5.00
5.00
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NQo.
1.
2.
3.

5.
6.
7.
8.

10.
11.
12.
13.
14.
15.
16.
17
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43.
44.
45,
46.
47.
48.
49,
50.

SAMPLE QBIAINED ¥ITH KADUNA AS LOADING POINIT

NAME CF TOWN D1 J( Km)
ABA 969.
ABUJA 416.
AGAILE 370.
ARGUNGU £47.
AZARF 375.
BACITA 5318,
BANA 951,
BAUCHI 412,
BENIN 788.
BIDA 333.
BIRNIN GWARI 115,
BIRNIN KEBBI 600.
BIRNIN KUDU 396,
BIU 879.
BUKURU 304,
CALABAR 1036.
DANBATTA 337,
DAURA 518.
ENUGU T774.
FUNTUA 156.
GASHUA 911,
GBOKO 594.
GOMBE ) 568.
GUMEL 388.
GUSAU 269
HADEIJA 468.
IBADAN 758e.
IFE 750,
ILORIN 599.
JEBBA 489,
Jos 280,
KABBA 592.
KACHIA 113.
KAFANCHAN 224.
KANO v T 262
KATSINA . 436,
KAZAURE o 337.
KEFFI 272.
KOKO 868,
KONTAGQRA 303.
LAFIA 403.
LOKOQJA 505.
MAIDUGURI 876,
NAKURDI 502.
MALUMFASHI 204.
MINNA 229.
MISAU 538.
MUBI . 1064.
NGURU 987.
NKALAGU 785.

Cij(N)
34.14
14.65
13.03
19.27
13.21
18. 95
33.50
14.51
27.76
11.73
4.05
21.13
13.95
30. 96
10471
36.50
11.87
18.25
27.27
S5.50
32.08
20.93
20.01
13.67
9.48
16.49
26470
26.42
21.10
17.22
9. 86
20.86
3.98
7.89
9.23
15.36
11.87
9.58
30.58
10.67
14.20
17.79
30.80
17.68
7.18
10.53
18.95
37.48
34.45
27.66
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S1.
52.
53.
54.
55.
56.
57.
SR,
sa.
60.
61.
62'
63.
64.
65.
66 .
67.
68.
69‘

NSUKKA
NUMAN
OFFA
OGBOMOSHO
OJI RIVER
OKENE
ONDO
ONITSHA
OTURKPO
OWERRI
0YO

PORT HARCOURT

POTISKUN
SAPELE
SOKOTO
WARRI
YOLA
ZARIA
ZUNGERU

A\

716
762.
663.
653.
796.
578.
832.
86‘.
621.
a12.
705

1009.
641.
846.
483.
896.
822.

84.
240.

25.22
26.84
23.36
23.00
28.04
20.36
29.91
30.33
21.88
32.13
24.864
35.55
22.58
29.80
17.02
J1.57
28.96

2.96

B8.46
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SAMPLE QBTAINED WITH KANQ AS LUARING PQINT

NO. NAME OF TOWN Dij(Km) Ci j(N)
1. ABA 1231. 22.50
2. ABAK N 1224, 20.60
3¢ ABAEKALIKI v 1109. 15.57
4, ABEOKUTA 108R8. 20.45
S« AFIKPO 1204. 25.20
6. AGBOR 1012. 19.50
7. AKURE 1048. 18.%5
8. ASABA 1133, 16,75
A, AWGU 1081. 17.54

10. BENIN ' 1051. 19.70

11. CALABAR 1298, 23.00

12. ENUGU 1035. 18.15

13. FUNTUA 212. 5.37

14, GONBE 459, 9.49

15. GUSAU 328. 8.75

16. IBADAN 1007. 19.50

17. LOKOJA 768 13.07

18. IFE 999. 19.85

19. IJEBU ODE 1076. 21.30

20, IKOM 1264. 22.48

21. - IKOT EKPENE 1200. 22.50

22. IKEJA ’ 1141. 20.63

23. ILESHA 995, 17.43

24, ILORIN 848« 14.26

25. JOS 420, 6.45

26. KADUNA 262. 3.50

27. EATSINA 174. 2.77

28. LAGOS 1154. 18.00

29. MAIDUGURI 576, 7«80

30. MINNA 505. 750

31. NSUKEKA 978. 15.25

32. _OBUBRA 1152, 22.50

33. ONITSHA 1123. 16.75

34. ONDO 1081. 22.00

35. QGBOMOSHO 003. 15.88

36. ORON 1294. 23.40

37. OSHOGBHO 962. 14.50

38. OTURKPO 883. 13.79

39. OWERRI 1175. 20.65

40. OWwoO 93s5. 16.41

41. OYO 954. 14.50

42. PORT HARCOURT 1271. 2250

43. SAPELE 1109. 15.60

44. SHAGAMU 1083. 20.50

45. SOKOTO : 549, 755

46, UMUAHIA 1155. 20.40

47. UYO : 1239. 23.10

48. WARRI . 1158. 16.40

49. YOLA 712, 13.75

S0« ZARIA 79. 2.50
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SAMELE QBTAINED ¥WITH LAGCS AS LQADING POINI
s/ : .

7

A T 4-4,-‘1’

NG. N{IE CF TOWN D1ij(Km) CLH(NY . 7
1. ABA . 641. 22.58 . \\\
2. ABUJA 854. = | 30.08 . S
3. AGAIE 605. 7 - T21.31 YV
4. ARGUNGU 1099. O8.72 B
Se. AZARE 1264, . 44.53 N
6. BACITA 461. 16.24
7. BAMA 1752. 61.72
8. BAUCHI - 1213. 42.73

9. BENIN 333. 11.73

10. BIDA 568. 20.01

11. BIRNIN GWARI TB6. 27.89

12. BIRNIN KEBBI 1152, 40.58

13. BIRNIN KUDU 1285. 45,27 “

14. BIU 1680. 59.19

15. BUKURU 1106. 38.96

16. CALABAR 784. 27.62

17. DANBATTA 12264 43.19

18. DAURA 1294, 45,59

19. ENUGU 591, 20.82

20. FUNTUA 1136. 40.02

21. GASHUA 1712, 60.31

22. GBOKOQ 979. 34.49

23. GOMBE 1369. 48.23

24. GUMEL 1277. 49.99

25. GUSAU 897. 34.77

26+« HADEIJA : 1351. 47.60

27. IBADAN 143. 5.04

28B. IFE 230. " 8.10

29. ILORIN ,303. 10,67

30. JEBBA 1412, 14.51

31. Jos - 1082. 38.12

32. KABBA 454, 15.99

33. . KACHIA 1014. 35.72

34. KADUNA 901. 31.74

35. KAFANCHAN 1125, 39.63

36. KANO 1151. 40.55

37. EKATSINA 1212. 42.70

38. KAZAWA 1226. 43.1¢

32, KEFFI 1173. 41.32

40. XOKoQ 413. 14.5¢ (

41. KONTAGORA 599. 21.10

42, LAFIA 788. 27.76

43. LOKOJA 542. 19.09

44, MAIDUGURI . - 1677. 59.08

45. MAKURDI 877. . 31.25

46. MALUMFASHI 1144, 40,30

47. MINNA - 737 25.95

48, MISSAU 1427. S0e27

49, MUBI 1765. 62,18

50. NGURU 1779. 62.67



51
52.
53.
54.
55.
56
57,
5K,
59.
60.
61.
62.
639
64.
65,
66
67.
68.
69.
70.

NKALAGU
NSUKK A
NUMAN
OFFA
OGBOMOSHO
OJI1 RIVER
OKENE
ONDO
ONITSHA
OTURKPO
OWERRI
oYo

PORT HARCOURT

POTISKUN
SAPELE
SOKOTO
WARRI
YOLA
ZARIA
ZUNGERU

632.
628,
1382.
367,
254.
547.
472,
246.
483.
729,
576.
196.
689.
1442~
385.
1035.
435,
1442,
985,
687.

2427
22412
4¥.69
12.93

Ba.95

19.27
16063

8.67
17.02
25.68
20.29

6«91
24427
50.80
13.56
3646
15.32
S50.80
34.70
23.89



LINK ERON

2.
3.
4.
S.

6o

8.

9.
10.
11.
12.
13.
14.
15.
l6.

17.-

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

IKEJA ROAD
ILARO ROAD
ABEOKUTA ROAD
SHAGA NU
IJEBU ODE
ABEOKUTA ROAD
SHAGAMU
ERUVWA
I BADAN ROAD
IBADAN ROAD
SHAGANU
TJEBU ODE
IJEBU" ODE
IJEBU ODEF
1JEBU ODE
IFE
IWO
0YO
ERUWA
oYOo
IWo
0YO
IWO
IFE
1FE N\
OGB@MOSHO
OGBQMOSHO
IKIRUN ROAD
IFE
ILESHA
ILESHA
IJEBU IJESHA
IJERO EKITI
IJERO EKITI
IJEBU 1JESHA
ILESBA
ONDO
IFE
IFE
ONDO
ONDO
1IKOLE
IJERO EKITI
IEERRE
IKERRE
AKURE
IKERRE
IKARE
IKOLE

L ]

_ ILARC

"

APPENDIX XX

IQ

LAGQS
I KEJA
IKEJA
L AGOS
LAGOS

ROAD
ROAD
ROAD
ROAD
ROAD
ROAD
ABEOKUTA ROAD
ABEOKUTA ROAD
ABEOKUTA ROAD
LAGOS ROQAD

I BADAN ROAD
SHAGANU
IBADAN ROAD
ONDO
OKITIPUPA

I BADAN ROAD
IBADAN ROAD
IBADAN ROAD

I BADAN ROAD
ERUWA

0YO

OGBOMOSHO
OGBQMOSHO
IwWO~
OGBOMOSHO
OSHOGBO KROAD
IKIRUN ROAD
OSHOGBO ROAD
OSHOGBO ROAD
OSHOGBO ROAD
IJEBU IJESHA
IKIRUN ROAD
IKURUN ROAD
IJEBU IJESHA
ADO EKITI
AKURE

ILESHA

ILESHA

ONDO

AKURE
OKITIPUPA
IJERO EKITI
ADO EXITI

ADO EKITI
AKURE

e} Jo)
(63 70)
ADO
ADO

EKITI 'y
EKITI
{

~

283

Dij(Km? <COST] CQST2

19.0
$54.0
83.0
68.0

100.0

60.0
S51.0
6540
77.0

143. 0
76‘0
32.0
69.0

153.0

141.0
89.0
42.0
530
53.0

103.0
43.0
53.0
96.0
52.0
92.0
5640
5640
21.0
5840
32.0
10.0
52.0
S0 0%
34.0
56.0
85.0
87.0

" 32.0

61.0
51.0
74.0
54.0
43.0
16.0
30.0
50.0
.62.0
62.0
53.0

3.80
4.50
$5.40
5.00
6.00
3.89
3.64
4.03
5.00
8.20
5.30
J.11
5.20
6.49
6.16
5.50
4.40
4.50
5.00
5.08
J.41
.69
4.90
4.50

5.70

3.78
3.78
2. 80
4.80
3.11
2.49
3.67
3.61
3.16
3.78
4.59
4.65
3.50
5480
3.64
4.82
3.72
3.41
2.66
3.05
3.61
3.95
3.95
3.68

1.33
3.78
S.81
4.76
7.00
4420
3.57
4.55
65.39
9.58
5«32
4.24
4.83
10.71
9.87
6.23
2.94
3.71
3.71
T.21

3.01~

3.71
6.72
3. 64
6.44
3.92
3.92
1.47
4. Ob
2.24

«70
3. 64
3.50
2.38
3d.92
5.95
6.08
2.24
4,27
3.57
5.18
3' 78
8. 01
1.12
2.10
3.50
4.34
4. 34
3.71

A\

-8



‘g 

>

50.
St.
52.
53.
S54.
55.
sb‘
s7.
58.
-59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

690

70.
71..
72.

73..

T4.
75
76.
77 o
78. .
79,
80.
Bl.
R2.
83.
8‘4.
85.
86,

>

“ 88

89.
90,
91,
92.
93.
94.
95.
96.
97 &
88.
99.
108.
101.
102,
103.

IKARE
IKARE
OKITIPUPA
ONDO

owo

IKARE

owo

ovo

IGARRA
SABONGIDA ORA
AUCHI
SABONGIDA ORA
AUCHI

AUCHI

BENIN

AGBOR

ABUDU

ABUDU

BENIN

AGBOR

SAPELE

AGBOR

6GHELLI
UGHELLI

AGBOR

~AHOADA

AHOADA
AHOADA
AHOABA
AHOADA
OWERRI
ORLU

AWKA

NSUEKKA

ANKA

NSUKKA
AWKA

AWGU .-

AWKA

AWGU

AWKA )
AWKA :
OKIGYI

ORLU

OKIGWI - =~

OWERR I
OWERRI
OWERRI
ABA ROAD
BORI
OPOBO
BORI
ABAK
ABAK

k1

1KOLE

owo

BENIN

BENIN

BENIN

IGARRA
IGARRA
SABONGIDA ORA
AUCHI

AUCHI1
AGENFBODE ROAD
BENIN

BENIN

UBIAJA
UBIAJA
UBTAJA

AGBOR

BENIN

SAPELE
SAPELE

WARRI ROAD
WARRI ROAD
WARRI ROAD Y
ONITSHA ROAD
ONITSHA ROAD
ONITSHA ROAD
YENEGOA ROAD
DEGEMA ROAD
P« He ROAD
OWERKI
ONITSHA ROAD
ONITSHA ROAD
ONITSHA ROAD
IDAH ROCAD
NSUKEKA

ENUGU ROAD
ENUGU ROAD
ENUGU ROAD
AWGU

OKIGWI
OKIGYI

ORLU

ORLU

OWERRI
OVERRI
UMUAHI A ROAD
ABA ROAD

P« He ROAD
P He ROAD
P He ROAD
BORI

ABA ROAD
OPOBO

ABA ROAD

55.0
45.0
142.0
167.0
120.0
S54.0
7‘)-0
67.0
30.0
40.0
53.0
118.0
134.0
57.0
109.0
60.0
15.0
S54.0
52 0

119.0 .

39.0
121.0
33.0
164.0
70.0
135.0
48.0
44.0
61.0
75.0
79.0
55.0
37.0
78.0
108.0
58.0
71.0
42.0
66.0
35.0
72.0
§2.0
44.0
38.0
58.0
62.0
61.0
113.0
64.0
43.0
24.0
88.0
58.0
48.0

J«75
J.47
7.00
7.50
&.40
J.72
4.34
4.09
3.05
3.33
J.69
6.50
6 .80
J.81
6.20
3.88
2.63
4.50
4.60
5.54
3.30
5.60
3.13
7«50
$.00
5.89
3.56
J.44
4.80
4,31
500
4.90
4.00
5.40
6.00
4.00
5.00
4.70
5.00
J.19
5.50

4.88

3.44
4.30
3.83
4.70
4.80
$.20
4.50
3.41
2.88
4.67
3.83
353

284

Je 8BS
J.15
9.62
10.91
Be20
3.78
5.32
4.69
2.10
2.80
.71
8.08
9.10
3.99
7.54
4.20
1.05
3.78
3.64
8.33
2.73
8.47
2.31
10. 84
4.90
9.45
3.36
3.08
4.27
5.25
5.53
3.85
2.59
S.46
7.56
4.06
. 4497
2.94
4.62
2.45
5.04
3.64
3.08
2466
4.06
4.34
4,27
7.78
4,84
3.01
1.68
6.16
4.06
3.36



104,
1()5.
106.
107.
108.
109,
110.
111,
112.
113.
114,
115.
116.
117.
118,
119.
120.
121.
122,
123.
124.
125,
126.
127.
128,
129.
130.
131.
132.
133.
134.
13s.
136.
137,
138.
139.
140.
141,
142,
143.
144,
145,
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.

1KOT EKPENE
IKOT EKPENE
UMUAHI A ROAD
1KOT EKPENE
AFIKPO

OKIGWI

OKIGWI

AFPIKPC

ENUGU ROAD
AFIKPO

0GOJA

0GOJA

OBUBRA

AFIKPO

OGOJ A

IKON

1KON

IKOM

IKON

AKAMKPA
AFIKPO

ITU

ITU

IKOT EKPENE
IKOT EKPENE
ITU

CALABAR ROAD
CALABAR ROAD
ABAK

EKET

EKET

ETINAM

EKET

ORON

CALABAR

IKEJA RAIL
ILARO RAIL
ABEOKUTA RAIL
ABEOKUTA RAIL
IBADAN RAIL
OSHOGBO RAIL
IKIRUN RAIL
ABA RAIL
UMUABIA RAIL
ENUGU RAIL
IDAH RIVER
ONITSHA RIVER
ONITSHA RIVER
ONITSHA RIVER
DEGEMA RIVER
DEGEMA RIVER
LAGOS PORT
LAGOS PORT
LAGOS RAIL

A BAK

ABA ROAD

ABA ROAD

UMUAHIA ROAD

UNUAHI A ROAD

UMUAHIA ROAD

AFI1KPU

ENUGU ROAD

ABAKALIKI

ABAKALIKI

ABAKALIKI

OBUBRA

ABAKALIK 1

OBUBRA

OBUDU

O BUDU

0OGOJ A

OBUBRA

AKANKPA

OBUBRA

AKAMEPA

AFIKPO

AKANKPA

1TU

uYo

uYo

AKANKPA

I KOM

uYo

OPOBO

ETINAM

UYO

OV N

L YO

JRON

L.AGOS RAIL
KEJA RAIL
I1:nJA RAIL

ILARC RAIL

ABEOKUTA RAIL

I BADAN RAIL

OSHOGBO RAIL

P R. RAIL-

ABA RAIL

UMUAHIA RAIL

ONITSHA RIVER

‘AGENEBODE RIVER

WARRI RIVER
YENEGOA RIVER
YENEGOA RIVER
P. H. PORT
LAGOS RAIL
LAGOS ROAD
LAGOS ROAD

24.0
42.0
55.0

45.0.

80.0
48. 0
71.0
147.0
K1.0
61.0
123.0
140.0
43.0
6.0
56.0
118.0
88.0
$6.0
171.0
123.0
115.0
110.¢
54.0
38.0
30.0
20.0
40‘0
162.0
16.0
45. 0
Jd1.0
16.0
45.0
52.0
24.0
18.0
61.0
83‘0
88.0
96.0
100.0
"19.0
63.0
50.0
130.0
113.0
113.0
313.0
186.0
86.0
37.0
NIL
NIL
NIL

1.68
2.94
3. 85
3.15
S5.60
J.36
4.97
9.57
5.67
4.27
B.61
9. 80
3.01
6.72
3.92
8. 26
6.16
3.92
11.79
8. 61
8.05
7.70
3.78
2. 66
2.10
1.40
2.80
10.18
1.12
J.15
2.17

. 1e12

3.15
3.64
4.50
3G.15
85
4.25
4.25
4.40
4.55
J.15
3.85
3.70
S.10
2.32
2.32
Te 62
7.93
8.25
«9¢€
1.16
1.17
2.33



158.
159.
160.
161.
162,
163.
164.
16S5.
166.
167.
168.
169.
170.
171,
172.
173.
174.
175.
176
177.
178.
179.
180.
181.
182.
183.
184.
185.
186,
187.
188.
189.
190.
191,
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.

LAGOS ROAD
IKEJA INDUSTRY
IKEJA INDUSTRY
IKEJA RAIL
IKEJA ROAD
ILARO

ILARO

ILARO RAIL
ILARO ROAD
ABEOKUTA
ABEOKUTA
ABEOKUTA RAIL
ABEOKUTA ROAD
IBADAN

I BADAN

IBADAN RAIL
IBADAN ROAD
OSHOGBO
OSHOGBO
OSHOGBO RAIL
OSHOGBO RUAD
IKIRUN

IKIRUN

IKIRUN RAIL
IKIRUN ROAD
PORT HARCOURT
PORT HARCOURT
P. H. RAIL

P. He ROAD
PORT HARCOURT
Pe He PORT

P. He PORT

P. H. RAIL

P. H. ROAD
ABA

ABA

ABA ROAD

ABA RAIL
UMUAHIA
UMUAHIA
UMUAHIA RAIL
UMUABIA ROAD
ENUGU

ENUGU RAIL
ENUGU RAIL
ENUGU ROAD
IDAH RIVER
IDAH RIVER

AGENEBODE RIVER

ONITSHA
ONITSHA
ONITSHA RIVER
ONITSHA ROAD
WARRI

LAGOS RAIL

I KEJA RAIL

I KEJA ROAD

1 KEJA ROAD
IKEJA RAIL
ILARO RAIL
ILARO ROAD
ILARO ROAD
ILARC RAIL
ABEOKUTA RAIL
ABEOUKUTA ROAD
ABEOKUTA ROAD
ABEOKUTA RAIL
1 BADAN RAIL
I BADAN ROAD
I BADAN ROAD
I BADAN RAIL
OSHOGBO RAIL
OSHOGBO ROAD
OSHOGBO ROAD
OSHOGBO RAIL
IKIRUN RAIL
IKIRUN ROAD
IKIRUN ROAD
IKIRUN RAIL
Pe He RAIL .
P. Hes ROAD
P. He ROAD
P. He RAIL
Pe He PORT
Pe He RAIL
P. He. ROAD
P. He ROAD
Pe. He RAIL
ABA RAIL

ABA ROAD

ABA RAIL

ABA ROAD
UMUAHIA RAIL
UMUAHIA ROAD
UMUAHI A ROAD
UNIAHIA RAIL

" ENUGU RAIL

ENUGU 'ROAD
ENUGU ROAD
ENUGU RAIL
IDAH ROAD

AGENEBODE RIVER

AGENEBODE ROAD
ONITSHA RIVER
ONITSHA ROAD
BONITSHA ROAD
ONITSHA RIVER
WARRI ROAD

NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL

'NIL

NIL

NIL -

NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL

2.33
1.16
1.15
2.31
1.16
t.16
2.07
2.07
1.16
1.04
2.20
2.20
l1.16
1.04
2.20
2.20
1.16

«91
2.07
2.07
1.16

«79
1.95
1.95
1.95
1.16
1.17
2.33
2.33

«96
1.16
1.17
2.33
233
1.16

«91
2.07
2.07
1.16

«91
2.07
2.07
1.16
1.17
2.33
2.33
1.91

«01

1.91°

«91
«91

"1.82

1.82
«91

286

2.3\]
lel6
1.15
2.31
1.106
1.16
2.07
2.07
1.16
1.04
2.20
220
l1e16
1.04
2.20
2620
1.16

«91
2.07
2.07
1.16

«79
1.95
1.95
1.95
1‘16
1.17
2.33
233
«96
1.16
1.17
2.33
2.33
1.16
«91
2.07
2.07
1.16
«91
2.07
2.07
1.16
1.17
2.33
2.33
1.91
«01
1.91
«91
« 91
1.82
1. 82

«91



212.
213.
214.
215.
216,
217.
218.
219.
220,
222.
223.
224.
225.
226.
227.
228,
229,
230.
231.
232.
233.
234,
235.
236.
237.
238.
239.
240.
241,
242,
243.
244.
245.
246.
247.

248,

249.
250.
251.
252 L]
253.
254.
255.
256.
257.

258.

258.
260.
261.
262.
263.
264.
265S.
266.

WARRI
WARRI KIVER
WARRI ROAD
YENEGOA
YENEGOA
YENEGOA RIVER
YENEGOA ROAD
DEGEMA ROAD
SAPELE
CALABAR
vABAK
ORLU
AWKA
IBADAN
IFE
ABEOKUTA
IJEBU ODE
1vO
ONDO
IKIRUN
SHAGANU
OKITIPUPA
OSHOGBO
ILESHA
ILARO
IKARE
IKOLE
IJERO EKITI
oYo
IJEBU IJESHA
OGBOMOSHO
IKERRE
AKURE
ADO EKITI
owo
ERUWA

“ABUDU
AGBOR
SABONGIDA ORA

AUCH{I
BENIN
IGARRA-
SALELE
UBIAJA
UGHELLI
WARRI

AWKA
NSUKKA

ONITSHA
ENUGU

AWGU

ABA
UMUAHIA

OKIGWI

WARRI RIVER/FORT
WARRI RU 0
WARRI RIVER
YENEGOA RIVER
YENEGOA ROAD
YENEGOA ROAD
YENEGOA RIVEk
DEGENA RIVER
SAPELE PORT
CALABAR PORT
ABAK ( PALMIL)
ORLU ( NIPROC)
AWKA ( PALMKE)
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT
LAGOS PORT

NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
NIL
144.0
233.0
102.0
100.0
186. 0
253.0
312.0
6840
241.0
291.0
265.0
73.0
399.0
363.0
308.0
197.0
275.0
250.0
344.0
304.0
350.0
354.0
167.0
437.0
452.0
501.0
517.0
383.0
547.0
435. 0
492.0
507.Q
517.0
559.0
667.0
522.0
630.0
625.0
662.0
663.0
621.0

.91
1.82
1.82

.79
.79
1.58
1.58
.91
.91
.91
.91
1.50
2.50
9.52

14.50
7.74
7.Q6

13.28

18.05

16465
5.00

16430

16.20

14.50
6428

24.15

23.72

19.50

12.40

11.64

10.88

21.55

20460

20.65

23.00

10.90

16.56

17.02

18.51

19.00

15.00

19.81

16.50

18.24

18.64

19.00 -

20.27
23.56
19.15
21,26
22.28
23.40
23 .44
22.16

287

.91
1.82
1.82

.79

.79
1.58
1.5%

.91

.91

.91

.91
1.50
2.50
9.64

14.98
7.12
7.00

12.16

16.17

19.10
4.76

15.46

18.05

16+ 45
5.11

23.45

21.75S

18.95

12.82

16.75

16400

20.20

18.70

21.00

21.35

11.02

25.35

26.10

21.0S

29.35

22.65

30.85

25.25

28.10

21.35

28.35

31.45

38. 85

29. 60

35.00

34.75

36.60

36.65

34.55



267
268,
269‘
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281
282.
283.
284,
285.
286.
287.
2R8.
289.
290.
291.
292.
293.
294.
295,
296.
297.
298.
299.
300.
301.
302,
303.
304.
305.
306.
307.
308,
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319'
320.

ORLU
OWERRI
AFIKPO

ABAK
AKANMKPA
CALABAR
EKET

ETINAN

IKOT EKPENE
ITU

1KOM

OBUBRA
OBUDU

0GOJA

QPOBO

ORON

UuYo

PORT HARCOURT
AHOADA
DEGENA
YENEGOA
BORI
ABAKALIKI
IBADAN

IFE
ABEOKUTA
IJEBU ODE
IWO

ONDO

IKIRUN
SHAGANU
OKITIPUPA
OSHOGBO
ILESHA
ILARO

IKARE

IXKOLE

IJERGC EKITI
oYOo

IJEBU IJESHA
OGBOMOSHO
IKERRE
AKURE

ADO EKITI
ovo '
ERUWA
ABUDU
AGBOR
SABONGIDA ORA
AUCHI
BENIN
IGARRA
UBIAJA
UGBELLI

LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
LAGOS
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE
SAPELE

PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT

PORT

PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT

577.0
601.0
692.0
805.0
796.0
B36.0
773. 0
742.0
704.0
742.0
844.0
839.0
890.0
834.0
774.0
778.0
742.0
714. 0
657.0
701.0
705.0
750.0
711.0
404.0
280.0
418.0
335.0
332.0
219.0
359.0
367.0
194.0
338.0
306.0
478.0
217.0
272.0
293.0
375.0
316.0
372.0
234.0
222.0
250.0
172.0
422.0
106.0
121.0
170.0

186.0

64.0
216.0
161.0

72.0

20.1R
21.55
24 .32
27.75
27.48
29.37
26.78
25.84
24 .68
24 .84
28.94
28.79
30.34
28.63
26.81
26.93
25.84
24 .99
23.25
24 .59
24.71
26 .08
24.89
19.40
11.79
15.99
13.46
13.37
8.94
14.19
14.44
9.18
13.56
12.58
17.81
8.98
11.55
12.19
14.68
12.89
14.59
10.39
10.03
10.88
8.51
16.11
6.50
6.69
8445
8.50
4.66
8.95
8.17

258

32.55
33.55
38.10
43.75
43.30
45.30
42.15
40.60
29.70
40.60
45.70
45.45
48.00
45.20
42.20
42.40
40.60
39.20
36.35
38.55
38.75
41.00
39.05
23.70
17.50
24.40
20.25
21.10
14.14
21.45
21.85
12. 64
20.40

" 17.80

2740
14.02
17.32
15.29
22.25
19.30
22.10
15.04
14.32
16.00
11.32
24.60
7436
8.26
11.20
12.16
3.64
13.96
10. 66
S.04



321.
322.
323.
324.
325.
326.
327.
328.
339.
330.
331.
332,
333.
334.
Jas.
336,
337.
338.
339.
340.
341’.'
342.
343.
344.
34S.
346.
347.
348.
349.
350.
351.
352.
353.
354.
355.
356.
357.
388.
359.
360.
Jd61.
362.
363.
364.
365.
366
367.
368.
369.
370.
371.
372.
373.
374.

WARRI
AWK A
NSUKKA
ONITSHA
ENUGU
AWGU
ABA
UNUAHIA
OKIGWI
ORLU
OWERRI
AFIKPO
ABAK
\AK AMK PA
CALABAR
EKET
ETINAM

IKOT EKPENE

ITU
IKOM
OBUBRA
OBUDU
OGOJA
OPOBO
ORON
uYo

PORT HARCOURT

AHOADA
DEGENA
YENEGOA
BORI

ABAKALIKI

1BADAN
IFE
ABEOKUTA

IJEBU ODE

ivo
ONDO
IKIRUN
SHAGA MU

OKITIPUPA -

OSHOGBO
ILESHA
ILARO
IKARE
IKOLE

IJERO EKITI

0YO

IJEBU IJESHA
OGBOMOSHO

IKERRE
AKURE

ADO EKITI

ovwo

SAPELE PORT
SAPELE PORT
SAPELE PORT
SAPELE PORT
SAPELE PORT

SAPELE
SAPELE

PORT
PORT

SAPELE PORT
SAPELE PORT

SAPELE

PORT

SAPELE PORT
SAPELE PORT
SAPELE PORT
SAPELE PORT
SAPELE PORT
SAPELE PORT
SAPELE PORT

SAPELE

PORT

SAPELE PORT
SAPELE PORT
SAPELE PORT

SAPELE
SAPELE

PORT
PORT

SAPELE PORT
SAPELE PORT

SAPELE

PORT

SAPELE PORT
SAPELE PORT
PORT .

SAPELE
SAPELE

PORT

SAPELE PORT

SAPELE

VARRIT
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI

- WARRI

WARRIY
WARRI
VARRI
WARRI
VARRI
WARRI
VARRI
WARRI

PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT

J9.0
228.0
336.0
191.0
289.0
294.0
331.0
332.0
290.0
246.0
270.0
361.0
379.0
465.0
505.0
442.0
411.0
373.0
411.0
479.0
508.0
559.0
503.0
443.0
447.0
3985.0
383.0
326.0
370.0
374.0
419.0
323.0
443.0
318. 0
457.0
374.0
371.0
258.0
388.0
406.0
233.0
377.0
345. 0
517.0
518.0
311.0
334.0
414.0
355.0
411.0
273.0
261.0
289.0
211.0

4.47
10.21
13.49

9.08
12.60
12.22
13.34
13.37
12.10
10.76
11.49
14.25
14.80
17.42

18.63 °

16.72
15.77
14.62
15.77
17.84
18.72
20.27
18457
16.75
16487
15.29
14.02
13.19
14.53
14.65
16§02
13.10
16.23
12 .98
17.17
14.65
14.56
11412
15.38
15.62
10.36
14.72
13.77
19.00
11.06
12.73
13.43
15.87
14.07
15.77
11.58
11.21
12.07
9.69

289

2.73
14.68
20.30
12. 46
18.45
18.20
20.05
20.10
18.00
15.76
17.00
21.55%
22.45
26.75
28.75
25.60
25.05
22.25
24.05
29.05
28.90
31.45
28.65
25.65
25.75
23.25
22.65
19. 80
22.00
22.20
24.45
19.65
25.65
19.45
26.35
22.20
22.05
16.40

-23.40

23.80
14.898
22.35
20.75
29.35
16.30
18.05
20.20
24,20
21.25
24.05
17.15
16.55
17.895
13.66



375.
376.
377.
378.
379.
380.
JR1.
382.
3R3.
384,
385.
386.
387.
388.
389.
390.
391.
392.
393.
394.
395.
396.
397.
398.
399.
400.
401.
402.
403,
404.
405.
406.
407.
408,
409.
410.
411.
412.
413.
41 4.
415.
416.
417.
418,
419.
420.
421.
422,
423.
424,
425,
426.
427,
428.

ERUWA
ABUDU
AGBOR
SABONGIDA ORA
AUCHI

BEN IN
IGARRA
SAPELE
UBTAJA
UGHELLI1
AWK A
NSUKKA
ONITSHA
ENUGU
AWGU

ABA
UMUAHIA
OKIGWI
ORLU
OWERRI
AFIKPQ
ABAK
AKAMKPA
CALABAR
EKET
ETINAM
IKOT EKPENE
ITU

IKOM
GBUBRA
oBUDU
OGOJA
OPOBO
ORON

UuYo

PORT HARCOURT
AHOADA
DEGEMA
YENEGOA
BORI
ABAKALIKI
IBADAN
IFE
ABEOKUTA
IJEBU ODE
IWO

‘ONDO

IKIRUN
SHAGANU
OKITIPUPA
OSHOGBO
ILESHA
ILARO
IKARE

WARRI
WARRI
WARRI
WARRI1
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI

WARRI-PQORT

WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
WARRI
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PGRT

PORT
PORT
POKRT
PORT
POKT
PORT
PORT
PORT
POKT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
‘PORT
PORT
PORT
PORT

PORT™
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT

‘HARCOURT

HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT

461.0
136.0
121.0
208.0
225.0
91.0
255.0
39.0
151.0
33.0
271.0
336.0
191.0
299.0
294.0
331.0
332.0
300. 0
246.0
270.0

’/“‘36,1.0

37930
465.0
505.0
442.0
411.0
373.0
411.0
479.0
411.0
559. 0
503.0
443.0
447.0
395.0
383.0
205.0
370.0
374.0
419.0
380.0
684.0
559. 0
697.0
614.0
611.0
498.0
638.0
646.0
473.0
617.0
585.0
757.0
496.0

1729

7.41,

686
Q.60
14.12
6.00
14.00
4.47
8.78
4.28
11.52
15.49
8.08
11.59
12.22
13.34
13.37
15.3%
13.76
11.49
14.25
14.80
17.42
18.63
16.72
15.77
14.62
15.77
17 .84

18.72

20.27

. 1857

16.75
16 .87
15.29
14.82
9.51
14.53
14.65
16.02
14.82
26.35
20.27
24.47
21.95
21 .85
18.42
22.68
22.92
17.66
22.04
21.06
26.29
18.36

290

26.55
Q.61
.26
13.54
14.50
6‘37
16.25
273
11.86
2.21
17.05
2030
12.46
18.45
1820
20.05
20.10
18.55
15.76
17.00
21.55
22.45
2675
28.75
25.60
24.05
22.15
24. 05
27.25
28.90
31 .45
28B. 65
25.65
25.85
23.25
22.65
13.30
22.00
22.20
22.45
22.50
35.90
31.45
J38.35
34.20
34.05
28.40
35.25
35. 80
27.15
34.35
32.75
41. 35
28.30



429,
430.
431,
432,
433.
434,
435,
436.
437.
438,
439.
4404
441,
442,
443.
444,
445,
446.
447.
448.
449,
450.
451.
452.
4353,
454.
455,
456.
457 .
45K,
459,
460.
461,
462.
463.
464.
465.
4660
467.
468.
469.
470.
471.
472.
473,
474.
475,
476
477
478.
479.
480.
481,
482.

IKOLE
IJERO FKITI
0YO

IJEBU I[JFSHA
OGBOMOSHC
IKERRE
AKURE

ADO EKITI
ovo

ERUWA
ABUDU
AGBOR
SABONGIDA ORA
AUCHI
BENIN
IGARRA
SAPELE
UBIAJA
UGHELLI
WARRI
AWKA
NSUKKA
ONITSHA
ENUGU
AWGU

ABA
UMUAHTA
OKIGWI
ORLU
OWERR I
AFIKPO
ABAK
AKAMKPA
CALABAR
EKET
ETINANM
IKOT EKpy~
ITU

IKOM
OBUBRA
OBUDU
OGOJA
OPOBO
ORON

UuYo
AHOADA
YENEGOA
BORI
ABAKALIKI
IBADAN
IFE
ABEOKUTA
IJEBU GDE
IWO

PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PQORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
"ORT
JRT
~ORT
T
T
#eT
SOk
POF1I
FORT
PCRT

HARCOURT
HARCOURT
HARCCURT
HARCOURT
HARCOUR1
HARCOURT
HARCOUR1
HARCOURT
HARCOURT
HARCOURT
HARCOQURT
HARCOURT
HARCOURT
HARCOUR1
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT

HARCOURT

HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOURT
HARCOTIRT
TARCTURT
“ARC URT

-2COURT
AARCOUEK:

CALABA K
CALABAR
CALABAK
CALABAR
CALABAR

PORT
PORT
PLURT
PORT
PORT

551.0
572.0
645.0
585.0
651.0
513, 0
501.0
529.0
451.0
701. 0
277.0
262.0
449.0
379.0
331.0
409.0
381.0
322.0
356.0
389.0
203.0
273.0
192.0
274.0
206.0
64.0
119.0
171.0
151.0
113.0
199.0
112.0
134.0
204.0
112.0
143.0
106.0
144.0
369.0
285.0
487.0
383.0

67.0
157.0
128.0
61.0
109.0
43.0
%060
6750
657.0
785.0
702.0
599.0

20.03
20.67
23e16
21.37
23 .04
1848k
1851
19+306
16.99
24 .59
11.70
11.24
16 .98
14.80
20.20
15.71
14.86
13.07
14.10
15.11
12.60
17.13
13.50
15.50
9.54
S«45
6.90
10.51
10.47
9.55
9.33
6 .68
635
9.48
11.80
2,00
7«61
8.14
17.50
12.25
18.08
14,92
5.04
11.76
9.56
5650
6.59
4.59
11.18
29.48
11,18
27.14
25.65
24.53

241

31.05
32.10
26.20
33.25
36.05
29.15
28.55
29.95
26.05
IR.55
17.35
16.60
25.95
22.45
20.05
23.95
22.55
19.60
21.30
22.95
13.18
17.15
12.52
17.20
13.36
4.48
8.14
11.26
10. 06
7.78
12.94
7.72
9.04
13.24
7.72
9.58
7.36
0.64
21.95
18. 25
27.85
22.65
3.35
9. 85
8.40
4,27
7.54
3.01
16.50
39.25
16.50
44.7S
40.60
40 .45



-

48R3.
484.
485.
486.
487.
488.
489.
490.
491.
492.
493.
494.
49s.
496.
497.,
498,
499.
500.
501.
502.
503.
504.
505.
506.
507.
508.
509.
510.
S511.
512.
S13.
514.
515,
516.
517.
518.
S19.
520.
521.
522.
523.
524.
525.
526.
527.
528.
529.
530,
531.
532.
533.
534.
535,
536.

ONDO
IKIRUN
SHAGANMU
OKITI PUPA
OSHOGBO
ILESHA
ILARO

IKARE

IKOLE

IJERO EKITI

oYO

IJEBU IJESHA
OGBONOSHO
IKERRE
KURE

ADO, EKITI

owo

ERUWA

ABUDU
AGBOR

SABONGIDA CRA

AUCHI
BENIN
IGARRA
SAPELE
UBIAJA
UGHELLI
WARRI
AWKA
NSUKKA
ONITSHA
ENUGU
AWGU
ABA
UNUAHIA
OKIGWI
ORLU
OWERRI
AFIKPO
ABAK
AKAMKPA
EKET
ETINAM
IKOT EKPENE
ITU
IKON
OBUBRA"
OBUDU
OGOJA
OPOBO
ORON
UYOo

PORT HARCOURT

AHOADA

CALABAR
CALABAK
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR
CALABAR

PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT-
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT

PORT -

PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT

S586. 0
726.0
719.0
561.0
70540
673.0
845.0
584.0
6390.0
660.0
742.0
683.0
739.0
601.0
589. 0
617.0
539.0
789. 0
286.0
350.0
§37.0
467.0
419.0
479.0
469.0
410.0
444.0
477.0
271.0
345.0
280.0
287.0
234.0
140.0
177.0
225.0
2698.0
201.0
155. 0
92.0
40.0
42,0
92.0
32.0
94.0
152.0

163.0

270.0
240.0
114.0

24.0

76.0
181.0
242.90

21.09
25.35
27.44
20.33
24.71
25427
28.97
21.03
22.17
23.34
25.84
24.04
25.15
21.55
21.19
22.04
23.25
2727
11.97
16.87
19.60
17 .48
18.26
18.39
17.54
15.74
16.78
17.78
11.52
17.48
12.16
14.70
11.49
8.15
8.66
12.50
11.46
.89
7.99
5.89
4.20
5.92
4.99
4.76
4.84
9.30
8.24
11.97
13.50
6.91
4.50
6.60
8«47

10.64

292

34.5¥
41 .80
41 .45
33.55
40.75
39.15
47.75
34.75
37.45
38.50
42.60
39.65
42.45
35.55
34.95
36.45
32.45
44.95
19.80
23.00
32.35
28 .85
2645
30«35
28495
26.00
2770
29.35
19.085
2075
19.50
17.88
17.04
11.40
11.62
14.50
16.95
15.06
10.30
8«44
2.80
4.94
8es44
8.92
6.58
10.12
10.78
17.00
15. 40
8.84
4.50
7.32
13. 86
17.52



537.
538.
538.
540.
541.
542.
543.
544.
545.
546.
547.
548.
549.
550.
551.
552.
553.
554.
555.
556.
557.
558.
§589.
560.
S61.

DEGEMA
YENEGOA

BORI
ABAKALIKI
IKEJA RAIL
ABEOKUTA RAIL
ILARO RAIL
IBADAN RAIL
OSHOGBO RAIL
IKTRUN RAIL
ABA RAIL
UNUAHIA "RAIL
ENUGU RAIL

IDAH RIVER

CALABAR PORT
CALABAR PORT
CALABAR PORT
CALABAR PORT
LAGOS
LAGOS
LAGOS
L AGOS
L AGOS
LAGOS

P.
P
P.
PQ

AGENEBODE RIYER P.

ONITSHA RIVER
YENEGOA RIVER
IDAH RIVER

P.
Pe
VAR

He
He
He
H.
He
He
H.
RI

AGENEBODE RIVER WARRI

ONITSHA RIVER
LAGOS PORT

Pe He PORT
CALABAR PORT
SAPELE PORT
WARRI PORT

" WAR
ONE
ONE
ONE
ONE
ONE

RI

DESTINATION
DESTINATIOPN
DESTINATION
DEST INATION
DESTINATION

PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT

286. U

290.0

181.0
206.0
18.0
101.0
79. 0
197.0
297.0
303.0
63. 0
113.0
243.0
502. 0
502.0
389.0
123.0
426.0
426.0
313.0
NIL
NIL
NIL
NIL
NIL

11.97
12.10
B.78
14.75
4.31
5.71
5126
7.36
8.21
9.64
5.01
§.96
8.21
10.28
10.28
T+ 87
4.20
9.94
9.94
724
1.00
1.00
1.00
1.00
1.00

[y

293

19.80
20.00
13.86
13.36
4.31
5.71
S.26
7.36
9.21
Y.64
S5.01
5.96
8.21
10.238
10.2%
7.97
4.20
9.94
9.94
7.24
1.00
1.00
1.00
1.00
1.00



