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This article is based on a micro-economic study of the transportation of
 

groundnuts from the hinterland to the ports. A micro-economic viewpoint is taken
 

because it is believed by the author that success in using the Marketing Boards
 

as a leverage for achieving a measure of national transport coordination does
 

not depe.d on the type of aggregative model proposed by the Netherlands Engin

ering Consultants (1970). The degree of specificati6ns required by such aggrega
:ive modcls can be forbidding, yet there cannot be a serious optimization endeavor
 
without the specifications. By formulating a micro-economic problem certain data 
an" conceptual simplifications have become somewhat reasonable. Our general con

clusion is that no important measure of national transport coordination can be 
achieved u.leso each crop Marketing Boards optimizes its activities with respect 
to transportation. Thus our study goes one step further than that of Alan Hay
 

in which the issue of the crop Marketing Boards vis "avis national transportation
 

planning 
was first raised.
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AN APPLICATION OF LINEAR PROGRIAMMING TO THE EVACUATION OF 

GROUNDNUTS IN NIGERIA
 

By .z. Osayimwese*
 

I. INTRODUCTION 

Eleven years ago the Stanford Research Institute published its volume on 
transport coordination in Nigeria. Since then there have been similar studies
 
such as that of the Economic Associates of London (1967). 
 In that study, they
 
appraised the port investment programme for the period 1967-73, provided 
short and l .. forecasts of the volume of traffic through the ports, andrn-o 


were axpced to ta.e due account of the state of inland transport facilities.
 
Neither of these studies paid enough attention to the evacuation problems of
 
any of the main e-:port crops. 
 A later study (1968) by H. Kriesel of the ground
nut 
indust~y ccnsidered groundnut evacuation but only in a general marketing
 
con:zex:. 
 n 1970, however, the Netherlands Engineering Consultants (NEDECO)
 
puhlished zthe: "Development of Ports
the of Nigeria 1970-1990," and for the
 
first time there was a 
specific reference to transport optimization in Nigeria.
 
An opimi zation model was specified and the procedure was carried out in a 
macro-econo.ic contc.=.
 

The purpose of this paper is to present the results of a study of the
 
application of 
an optimization model to the transportation of groundnuts in
 
Nigeria. 
 As we shall detail later, our framework is basically different from
 
that of NEDECO, but the author believes that the two frameworks should be con
sidered as complementary to each other.
 

I owe man.y thanks to Pr.ofessors.rm Adelman, John Ledyard and Jerry Goldstein
for teir assistance at various stages of my dissertation on which this paperis based. i thank Professor Wolfgang Stolper who kindly commented on anearlier tof thi'S paper. None of the above-named is responsible for

the shortco'ings of this paper.
 

1iczvbuwa Osayinwese,"A Transportation-Distribution Problem: An Applicationto the !-ndus try in Nigeria," Unpublished Ph.D. Dissertation,
Northwestern University, Evanston, Illinois, U.S.A., August 1971.
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:e :cst o7this paper is divided into four sections. In Section II we
 
discuss the relative 
-mortance of groundnut production in Nigeria and pose
 
the p-oblem of interest. 
 Our model and its relation to the NEDECO model are 
considered in Section 111. Section IV is devoted to a discussion of the data 
used in t:he study and some of the empirical results, and finally we conclude
 
in Section V.
 

II. GROUNDNUTS AND NIGERIA'S ECONOMY
 

Following the withdrawal of India from world export trade in groundnuts
 
after the Second World War, Nigeria became the world's largest exporter of
 
groundnuts, accouting for between 20% and 40% 
of total world exports. Export
 
t na- ncr-nzscc a: an average annual rate of 
2.7 per cent between 1954 and 
964, nd.. a been genea'ally impressive up to the present.
 

- should be mentioned that groundnut production does not only engage

a.pproxi..ma tly 20, of the population of the former Northern Nigeria, but also
 

t:e produce contributes between 17% and 26% of the total export value of the 
country. in 1966, groundnut produce, palm produce, and 
cocoa contributed
 
21,14, and 12 per ccnz respectively of 
 the total export earnings. The pro
portion of 
 or: and '-1nd transport capacity coimitted to the evacuation of
 
Z-oun...uats also underscores the importance 
 to Nigeria of groundnut export. In
 
]c62 .ound.nut
he g traffic at Port Earcourt and Apapa represented over 41% of 

total .he o a trough those ports. The Nigerian Railway Corporation 
r 7/Z of its revenue in 1959 from carrying groundnuts to the ports,
 

waras only 25% o2: is totalfright- tonna was accounted for by groundnuts.. 

An examination of the markeating bills of the foal-mar Northern Nigeria
 
.'.oard will inicate 
that transport cost per ton reprosents the 

largest single e-pense. In spite of the significance of transport costs in 
zac operatio'-s of tha rketing Board, there have been no actual studies of 
the evacuation policy of the Board as the oDtimizing economic uni:. The NEDECO 

2-Op. ci:. pp. 
8-10.
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stUdy did no:: consdaer the .;r ceting Board as the unit of analysis and so the 
value of zheir study can only be seen in the context of national economic 
planning in which consistency of the overall plan is of prime importance. It 
is 
the purpose of this paper to present a much-needed micro-economic approach
 
to 
the study of groundnut evacuation in Nigeria.
 

The ... of 
 .Nria's
groundnuts depends largely on how much
 
inland transport costs 
are being reduced; a reduction in transport costs will 
facilitatet e aymen of higher prices to the farmers which will increase 
their money incone -nd probably induce them to expand production. To minimize 
transport cost, there should be a conn-ittment to the least costly modes of 
transport; it is not enough to justify shipping by rail, for example, in terms
 
of the desire to make the railways viable. One easily gets this impression 

cearlier: ag rativa studies theof Nigerian inland transport network 

and "or-s.
 

111. THE MODEL 

The optimization model used in this study was 
linear programming. We shall
 
precede its formal development by a discussion of some simplifying assumptions.
 

Assumorions of the Model
 

We assume the following: 

(i) A region may be represented by a single town; that thereis, exists 
a 'gravity center' for every region.
 

(ii) Groundnuts are a homogeneous commodity.
 
(iii) Trans port cost par ton is 
consta*.nz with respect to 
tonnage shipped.
 
(iv) The ar -n oard is free to ship groundnuts to any port and byany mode of transport iz deires. This assumption is extremelyimportant because it ensures that the Marketing Board planners 

can optimi ze. 

Assumption (i) facilitates the practical representation of transportation 
cost betweenc ach region-port pair. In some cases adjustments were made to 
take account of significant intra-regional costs,. Assumption (ii) 
ensures
 
that varieties of groundnuts requiring specific transport facilities are ruled
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".ird assup- guarantees that the problem is linear,
 
.:~ovi a 
 *:>ha corraint.s of the problem are also linear.
 

THE FZOPML ODEL 

Minimize Z 7 C_ Xijk .ijk ijk 

subject to
 

E Xjk Z= Ai ............ 
,m (regions)
 

k b 
 i 
 ods
 
Ek X. Zk jk. 
 k ....... 
 p (transportmodes) 

j 1* .. n (ports) 
Where Xee 
 e e~
 

Wh.ere 
 is the quantity of groundnuts shipped by mode k from region i 
to pOrt j . 

A.
I is -ha amount of groundnuts purchased in region i.
 
(That is, amounts available in region i.)
 

Zb. is the
1 -,ount of groundnucs that can be handled at port j.
Ci0-Jk

k is the cost of transporting a ton of groundnuts by mode k from 
i to j. 

We transforzithe above model into the following two-index representation: 

Minimize Z m,n C
-i~i1 .,.i.ij 4 "' i l .1.......... ,
 

subject to
 

2Y X. 
 n 
X A

. + Pn 

j .j - n+l j = l.(P-1) +1 I i 

SM. X <b. 
j


1J -j j .... (P-l) + 1,0 .~x.
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.Model 

:'.aond consists of three physical ports: Apapa, Port Harcourt, 

... i-rr .W u. Groundnuzs are moved to the ports by three principal transport
 

modes: rail, truck, rail-river. The rail-river mode is port-specific to arri-


Burutu, 
 and there are no direct rail or road connections between Warri-Burutu and
 

the 23 "supply" regions into which we divided the former Northern Nigeria. There

foraaa two-index transportation problem was solved with 28 "supply" regions and 5 
"ports" instead of a three-index problem with 28 "supply" regions, 3 physical ports, 

and 3 transport modes.
3 

An Underlyin Economic Model 

In the ahove transportation model there is no specific reference to any under

lying economic model, if one exists. This type of omission-.is common in many em
pirical applications of linear programming. Yet it is important both theoretically
 

and for practical reasons 
to specify the economic model implied by a mathematical
 

model-like linear programming. For one thing, it is theoretically d6sirable to es

tablish existence for any economic analogue to the nathematical model used by an
 

economist; for another, if an economic model is found to exist, it may be useful as
 

a normative basis for comparing and changing actual performance. 4
 

Our decision-making unit in this problem is the Northern Marketing Board, which
 

is conceived of as a producer and marketer for analytic simplicity. The Board is
 

assumed to employ the farmers and thus the price each farmer receives for his ground

nuts constizutcs his wage. ,1e may ignore the complicating problem of paying farm
 

prices that do not discourage production. This implies one assumption about production,
 

viz, that wages 
(prices paid its farmers) are not choice variables in the model.
 

. cit., :pp. .67-02,71-72, Appendix E, for a justification for the two-indexanspo - iion odel. The number of "rorts", 5, was obtained by substitutin n = 3, 
,- ormula j = n(P-2) 1, and adding 1 later because the rail-river 

r ue -eciaics is ref7ecetd by our use of P " 2 and not P 3.
 
4 Linear pg:az'.ming is mathematical procedure (independent 
 of economic principles)use in op .:izingalinca.:: function of s veral variables when, some or all of
zhase variables are subject to constraints expressed in lincar ter'ms.
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.
. ....rd my also be thought of as having a planning depart
ant a .: ur~emenu dearmer.t. The planners' preferences are assumed to

bo identical to those of the °'arketing Board, and the planning department must 
.axi.ize net .nni surplus, which thenis -ransferredto the disbursement
 
deparmcnz. Admittedly, the activities of the disbursement department may

nave 	 e::ects on z"uose theof planning department, and such effects should be 
consistent with the overall preferences of the Marketing Bodrd. The disburse
.,enZ department may use the surplus for: 

(a) 	Financing goverment projects 
(b) 	Increasing farmers' productivity through appropriate financial
remuneration. 

(c) 	Znc: easing the productivity of other inputs, for example, land,

seeds, etc.
 

The planners thus face the following maximum problem:
 

Max T - P'X - C'X - C'TY; where 

7.= net financial surplus
 
?I = 
vector of prices paid to the Marketing Board for Nigeria's
 

groundnut sakcs in the world market
 
X = quantity of groundnuts available for overseas sale by the Board
 
Y = 	the shipping pattern; that is, the matrix of flows between 

the regions and :orts. 
C' = 	unit cost of 
"other" inputs, e.g. administration and labor
 

C'r = 
vector of unit prices of transport-related inputs, and it is
 
given to the planners.
 

Given that Y is the only choice variable, the minimization of transport
 
cost 	implies that financial sur.plus is maximized, total receipts, and "other"
 
costs being held constant.
 

We here disnguish between the quantity X produced (byaccording to 	 the Boardoar model which is assumed to be the amount sold overseas)
and the -i u 	.ibuionY. of that quantity amongports. Y relLtes to ho..7 many zons go by which 

the various routc.s to the 
mode 	 to which port. Thus.hl wi.l.directly depend on parameters like world price 1' andtranspo--.- unit 	 noncosts C',) depn.. more directly on transport costs,.C,, only. This is only a convenient artifact which should no be con-Struce to imply independenc boteen total overseas sales and domestictransport costs.
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TV, DA%'. *..'.:<D I.I;, ;rSC RESULTS 

The X~ta 

Although reliable data are frustratingly few in less developed countries,
c•...rical resaarch is still desirable and it should be undertaken more often. 
The data used in this study consist of quantities of g ou.dnuts available in
the.egon, estim.ates of port capacity, and region-port transport cost for 
each mode. 

With the exception of Kano for wiich adjustments were made for the groundnuts crushd into oil, the purchases in each province were assumed to represent
:he a,.ount of groundnuts available for exports. The formar Northern Nigeria
 
was divided into 23 regio-o In 
t.c first instance and later into 11 regions
to te.st th- ffect of disggcrega:ion on our results. The 11 rcgions correspond


zot ,to 0hef Noten rovinces, excluding Mabba Province. .ost of th 28

r-egional boundaries coincide with 
 the divisional boundaries, but as data on

purchases 
 from each division were not directly available, they were obtained 

As a frst appo...tio it was assumed that each 
division's contribution,to the total Marketing Board purchases 
 in any given

province was proportionately equal to its contribution to the total tax revenue
 
of the Province.
 

Data on port handling capacity were doubly difficult to obtain. 
The most

knotty problem involved the clarification of the concept of port handling
capacity. 
For cargoes like crude petroleum there is little problem in de
finin. port capacity because the facilities for handling exports of crude

petrolum art rather specializ-d and the range for substitution of facilities 
for other caroes is negl---ly small. A practical approach to measuring the

acity o: a port. to handle a particlar car o may involve a careful classi
fication of the main cargoes passing through each port into distinct groups,
viz.) generali, cargo and contaieriz-d cargo; dry bulk and liquid bulk. In
this way one can obtaia so*e idea of physica! h-andling capacity at ports. 

IC th c..rli
..
 baween groundnut turchases by the Board and local
 
goV ... 
 -: venues would be Strongly positive in Provinces .like KanoBcr"u, Sokozc en : ass-na- i would be quite low in other rovinces wherecrops li-. cotton and benniseed are more izoortant than .rounnuc .he ....er Provinces our bas's In 

so: dsaggrogation will be incorrect, but;.m.a... quantities involved scould ensure that the resulting bias is
Wi"t'-I,. toleC:rablIe 1 t-S

6 



u another dimension to the concep of capacity; capacity is also 
114n whichuce nncy physical facilities are utilized. 

Howeve-, we 6opted an easy approach to the capacity problem.assumed -:th • It was•....A..... of ofgiven
assumed . -roundnut exports of a given port-, X.,a c, a reasonable measure of the capacity at that port 

ndlin.- -e :r....c. Gocd Iuement 

-or 
should be exercised in the choice 

4: C .n....y ears. This apri'oach seems valid because we are caking a 
4crZ0-eco-omic view of the problem and the ,arketing Board decision-makers
 

...ay well o... their estimates of port capaci:y in 
 this apparently crude 
way. -n 
 thec of centralized national economic planning the Marketing 
Board m.a-- rs would have consulted the plans of the Ports Authority. For
 
anothrthing) ths aroach avoids 
 the difficult task of making a conceptual
distinccion between the physical and econom.c dimensions of capacity. Another 
,advanta.e oa ou-- an)roach is,O - - ""7c r.t, 

that it becomes less grievous to avoid thc sneci
i.a.ion of speci-i.. ..la.d -ansport capacities. It would have been difficult to 

ob t aln~e u data on road transport. (NEDECO shyed away from the task 
of ..i.i data on road transport capacity.)
 

The Stanford 
 -esearch Ins-'tut- study was a princip'a source for ob
,ain.in 
e . of trasport costs. 
 t is unlikely that the cost estimates
 

in 1962 (for we did retrospective optimization) 
 were significantly different 
tnose in the Stanfordfro- 1961 study. Rail cost per groundnt ton-mile was 

obtained from the above source and multiplied by total miles travelled to 
obtain total per ton cost of snipping by rail.
 

?_oad cost was similarly obtained, but unlike rail a constant rather than
 
va:iable er ton-mile was 
al .,and cost per ton-mile was 4 pence on the
 
assu-mption of 
a 100 per cent load factor. Rail-river cost was obtained by

multiplying the distance involved in each mode by the applicable cost per
 
ton-mile. 
 The princi'pal data used in this study 
are shown in the Appendix.
 

inn ahs study the max:imum through-put was based on 
traffic in 1956-68,
but excLded ?ort arcou1Z-,ound traffic in 
.96 (traffic to Port Hiarcourt
had been stc-red by the civil war). Although the transportation probIeam
rip•o w nt beyond this ycar:calculaing the recuir-ed (t o1963)

capacity at each port. We can only rationalizethis by the fact t:ha our study entailed rrospective optimizai-inn and
 we succumbed :o the temptation 
 to use hindsight.
 



...
.
 ouzis of zhe mode!.werc. based on historical data for 
!9 2, ,k17.(W cu:<
-: prlsen: only the solution of the 1962 
"-.:..k 
 u". b*. co.pares actual .traffic chrough the three ports in 

h obt:.nc1ih h62 rzo: our optimization todal. The opzimal solution
 
to .ha 1962 problem indicates that Anapa 
 a-:-d Port Earcourt were underutilized 
by 17 and 15 perce-nts resPectively, and Warri-Burutu was overused.by almost
 

Tabi.e 1 
SOLUTION 1962 PROBLEI 

Ca.a... /To., Tons 310 500 
 1o!,000 213,030 36,800 85,500
 
,.A B C 
 D 
 E Avaiabili
 

2726 
 2726
 
4265 
 4265
 

15,700(15700) 
 15700
14,170(14170) 
 14-70
 
15257
7 15257
 

589(589) 589
7 

114(114) 114
3 


312 
 312
9 
 8738 
 8738
10 5244 21,574 
 26818
!1 
 26,28(26818) 
 26813

12 
 53,670 (53670) 
 53670
13 25,437 30,667(56104) 
 56104
14 
 47161 .(47161) 
 47161
15 34,618 (3461S) 3461316 47,244 (47244) 
 47244
17 57597(57597) 
 57597
13 386U(886)
5 I443(443) 

36
 
443
20 4,119(4119) 

411922 

2159(2159) 
 2159
22 
 1577(1577) 
 1577
 
2440(2440)


24 2440
20379(20379) 
 20379
 
25. 31812(31812) 31812
 
26 31,812(31812) 


31812
27 
 7078(707-) 
 7078
 
28 937(937)9378

29* 171,389 2 84354 

Shipments 139111 161600 185327 
 36800 1146
 
(31,812) (268899) (110674) (111453) 
 (1146) 

T ....cost .: f"c,... (CX!£X4 "6:. 

A =Rail to ~a:-aa; 3]- Rail to i : cou'; C= Road to Apapa; D "load Loo... _-xvcr- to .::rri- Burutu. The numbers in parentheses
cons z :uc ,.. solution of ,h aodified ....0 cm. 

Y'{ ,ri 
 since total available groundnuts arc less than the 
ua )~ott c . i -" is necessary to 'close' the model..z 
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(1962): TONS 
Actual c c L...a1.... Traffic. Percentage Increase 

Anana 276,700 4)430 (3 ,50O>* 17 
Port iC-rourc-
: 171,500 
 198,400(173,623) 
 15
 
.....ri-uzuuU 73,500 
 1,146(40,239) 
 -98
 

Thenumbers in parentheses indicate the traffic through the ports without disr'atin
r from 11 into 28 supply regions. 

o.reover, h solution reveals that 53% of the total shipments to Apapa should
 
have been by road. However, less than 25% actually arrived in Apapa by road. 
The
 
capacities available (by our definition) for.shipping groundnuts to Port Harcourt
 
by r il and road were fully utilized in the optimal program, but there were excess 
ceatneis tor shipment to Apapa by rail and road and, to Warri-Burutu by the
 
rail- river -.oe
 

Writing- uphir report in 1967 the Economic Associates of London concluded 
t. a aere was cons-derable capacity (for both exports and imports) for at least
 
ano1er 10 years from thaz date. 8 Thus there would not be need for new investment, 
but rather consideraba need for re-lacmenn investment. Also in tlhe short run,
 
it would have been unnecssar-y to 
 invest in ncw facilizies for handling groundnuts 

a-b Warri-urutu option. The NED7CO e---atcd that 
during the 1967-1990 period mosz of the newon co.n investments inf:aize o Apaoa would concentrate-"- I" - onto :asor copns w:.' incrased containerization and liquid bulk cargoes.
 
Our solution of tha 1962 problem does not contradict their prognosis. 

To obtain an idea of the eff.acts of imposing restrictions on port capacity 
a modified 1962 problem was solved, and the numbers in parentheses in Table 1
 
represent the solution of the problem. 

aly, itwas assumed tat capacity at every port for each mode was 

plus infIniy, a.d sult-anam; was solvedC1 the So7et by inspection as follows: 
The 
 cost O shi-ping from a given rezion to each port by every mode was 
computead, 
and zhe en re quantity of Zroundnuts available in that region was 
assum.ed to have seen shipd to that port by te 
mode associated with the minimum 

inc cnorm.ous turn-around times in Lagos in 1970 were largely attributable to thecivil war and its immediate aftermath.' 

http:assum.ed


..icalculation was done for all regions, and then the total 
twas obtained by summing the shipments from all 

ro:o. zo th-at po.'t.
 

The solution to the modified problam called for 77 and 40 percent re
duczions, (relative to the -,"or-gnal problem) in the amounts of groundnuts
 
that. Should have baen evacuated :o Apapa by rail and by 
 road raspactivaly.
 
No change in the shi-ment to Uqarri-Buruzu was suggested, 
 but increases in 

he .mens to Port hearcourt by rail and road were indicated. 

The ete . r -"z: coS: asso ciated with the modLfied 1962 problem 
was o-ny 2% less than :at of the ,oinalproblem. Thus 4n aers of costs
 
theMrktng oa-d could not be said 
 to have done too badly by imposing
 
ca•acity rs:c ons ' ,
on port capacity for han:ng-in- groundnuts as we have
 
cone. Also the solution of the moified obl em 0
... ugg-szs tlhat th$ arketing 
Zoarcdou..c reasons y aLve assumed nort capacity in solvi-g, the
 
sh.r.-run r 
 ... .....roblem, and the fact that groundnut . accounts 
for a considerable proportion of the total annual traffic through the ports 
might not have mattered. 

It is now appropriute to refer to the NEDECO model which is strikingly
 
similar to our modified model. NDECO divided the country into 17 regions, 
and ex.licitly 
 no capacity restrict-ions at the ports. Fo- any given
 
tonnagoe or e:-x-norn (imQor s)
. available for evacuation in (into) any of the
 
17 r..ions, the costs of all modes 
 to all possible ports were computed and 
the mode which yielded th'e least cost was slectaed. Although this was 

de.ciedasan ...imiin.oprocedure by N2D-CO, it seems rather sub-opti
m cthcyn -ho)rt-run when the ports may have capacity limi

ta...s fo:somec o 
 of- zraffi.- he_assumption of absence of capa-

City r...r 
 ios on Ihm po'rts may be objeczionabla in the contce: of short
run national
....... 
 ,v, tis a:roach seems adequate for long-run
 
aggr...egae aning inr wic i. s praczical first to assume no capacity 
 end 
slva the 3roblem. Then the resulting traffic is compares with watesi 
capacity will :eri with a view to erelative net iof 
i.vvs tn in d-..ditional capacity. To the et.zent that NEDECO was r.ore con
ce:ned with the 197C-1990 period, their model was adequate as a basis for" 

lo tr -is we --n. ishy indicated earlier that ae ,EDECO model 
shuld be c..n..tred as complementar-y to ours; while their model is macro
economic and dealt with long-range planning ours is a short-run micro
economaic model.
 



:. .'a'. Z '. on a division o' zhe for:er Northern Nigeria 

...... .... ,s. Next we re-solved the problem on the basis 

. .o ~. .. i.... -.. n. to t, j.rov_..nCe os Northen Nigeria (excluding
 

.K.ba d sz I *c ... _ fi:.. The solution called for no
 
...... ... n oz un-nus b1y ro : o A.a;a and vcry liztle to Port Harcourt
 

i... .. e..i......cost soc_-azc t'-e
.. . with !!-reion oroblem was 34% of that 
b_ -m
of :n. 28- 'ion ro ..c, but this difference should not be taken literally. The 

.c.. th.'-e arc only 2,173 miles of rail in Niger-ia and the 1!-region problem 

favorecd evacuazion of groundnuts by raz creas usp *.on The ll-rcgion problem 
m~gh : .. ,'-d-ae o m-.... l ans~ortation cost bec~ase o'have scr-ouz~y 

..reater ch-ances o" ecluding "r-regional trans-,ort cost. It would seem 

-- elusion of intra-regional transDortation in the 28-region 

probcm would be little rel-tive to the 11-region problem. 

Tab le 3 
...... j_ 1962 P.aT "SOUON 

-ILSOT 1962 . m0LWITHOUT DISAGGREGATION (TONS) 

Capacities 313,500 161,500 213,000 36,800 85,500 Availabilities
 
A B C D E or Purchases 

o,o84,002 84,002
2,:: 1015 1015 

?ia' au 6278 
 6273
 
tsina 88,615 
 16,605 105,220
 

45,125 45,125
 

Admawa 6991 6991
 
Zaria 
 16,456 16456
 
.Kaio 137883 137383 

Niger 
 1329 1329
 
3on 110,195 5849 116044
..
 

4017 4017 

Du,-.-.: 0 0 213,00a 24,777 45,261 

Sn17....Mnts 310,500 161,60.0 0 12,023 40,239 

Costof mo-r-o: .;73 • 5 million 

I: should be the desire of the Marketing Board to obtain an "opiraa" level 

o di,"a..r.ga..... of the supply area since the optimal shipping network and cost 

will depend on the apropriateness of the level of disaggregation. A rough rule 

of thumb was suc".zed by the study, viz , , at tht "approp iate" level of dis
ag-reg--, d& ends on: (a) zhe volum..e of business at each o.g-, and (b) Uistance 

_Co dc..): .a _:t ach- . orig0in 
to each c ni in ener t s c .... tao more distant is t"e 

LI.. 

LM L
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'x~.._".... ,......... * c. L.i e volume of business is very low .is r.,. 

Y . 

As we .ave demonstrated in Section I, groundnut exports are of grat impor

tance n ",['e'-a. 'ae thereas been little systematic study of one of tha most 

0 rZC.I..as'Cs of the groundnut industry, viz., the evacuation of the export 

crop to lae por:s. Over the years tare have been variations from year to year 

in- n e-.porzs and "arketing bo"rd purchases of groundnuts and quite often a 

onsider-ale. . .- erence between each year's purchases and exports. The increasing 

ofu .ou.n _-nuts sold to crushers by the Marketing Board have not eliminated 

uisJil:free. The ):roblem has been with transportation, for during most of th: 

"C:ried l54- 7 :he ability__ of the trans-ort network to evacuate the groundnuts 

ged .eind the growTth in Marketing Board purchases. Consequently, inventories 

:gru"nu:s rema.ned in the Northern re a, in good cropespecially years, 

a* tt.nsporzaion in later years. Thus, for instance, the bumper crop of 

- was not comnletely transported to the ports until October 1959. The in

of zteransport system was also visibl during the heavy crop years 

.-2-.3 and Thus a more comprehensive study of the evacuation policy 

of the ".....c.Board is highly desirable and our study should.be seen as a

nrei:i ary step -n that direction. 

A -inc--,lobjective of the study was to demonstrate the importanceoan 

n.ces.ity for doing a formal optimization procedure in the" operations of a 

blic enterprise such as the r n Board. We have taken a approach to 

study o.7 a Marketing Board which is somewhat novel. Thus, our study departs 

3 more conventional studies of Xarketin-- Boards (in Nigeria at least) in whlich 
alocation., distribution and equity problems are simultaneously investigated. Of 

course zhis I..as no: helped analysis of any particular aspect." 

c ur sud..a ' no" "o d ' p t" 

Cur- Study IS another gap. Llan Hay showed in his study (1973) that 

(alhough) since the dem..and for transportation by the Mar.k'Ceting Board in Nigeria 

a ll_.....e peZ-centage of total demand for internal (freight) transpor

osf the choice of leel of disagreation is in Chapter VII, 

Section of- [6] 

http:should.be


S. (did not) could use the Boards as a leverage for achieving 
o . of. onal transport coordination. This expectation seems most 

easJlyra...be in the context of an optimization model such as we have proposed: 

ethoodoloically, this study has added another example to the empirical 
iz.:arature of linear transportation problems with multiple transport modes. 

Alt--oug our app-oach of reducing a three-inde transportation model to a two
inde- one is quita simple-minded, it is surprising that with the exception of 
V.iLliams and 7ialey (1959) it has not been -uch used. The so-called "Solid-Trans
porzazion" modal developd by K.B. Halay (1962, 1963) was not used because of the
 
additonal zheorztical and computational difficulties it engenders. 5 
 Since the 
problem we have been studying may be regarded as one in the choice of transport 
mode one may pertinanzly ask why other models than linear programming were not 
used. ror example, we could have used a model similar to that of NEDECO in which 
the modal split formula is as follows: 

Choose mode 
 i or j if profit T7ri 7r. - I Z0.
 

One minor objection to this approach is that the model choice problem boils
 
down to an eith-r or question not for any int-insic theoretical reason, though,
 
but really because of the a0sence of capacity restrictions on at leas one mode 
of transnort. 
 One attraction in linear pro--.a=in 
models is that although their
 
calibration is often difficuit, capacity restrictions can be easily represented
 

analyzically.
 

Finally, it was suggeSted that the NEDECO model, which was macro-economic,
 
should be considered as 
complementary to our micro-economic model. 
The optimi
zatio-. mencioned by the NEDECO has limited ,interest unless the various firms in
 
the economy optimize their o'erations; hence we have cast the Northern Marketing
 
Board as an opzimizing economic unit. 
 Our results are quite illuminating, but
 
thelcqr value 
 on the riability of the data used. 
Unfortunately, not
 
much can be vouched for the 
 ataat this stage.
 

Research 
 soc e, Univrsi of ichigan, U.S.A.
 

A mor;edctzI-d discussion is available on pp. 68-72 of 
[6].
 

0 This *- the.basic no.on of the model formalized by M.V. Beuthe, "Freight 
Trzns:::tazon Mode Choice: A-. Application to Corn Transportation," Ph.D.
Dis~aratioa * rNo:hwestcrn Univr:sity, Evanston, Illinois, (U.S.A.) 1968. 
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.. .2xUSIED 101' OPT'I!ZATON
 

ou:.uz Purchases in the 28 Reg-ions (Tons) 1962
 

-agio1 Purchas Region Purchases Region Region PurchasesPurchases 


312 -'72'15 3-1
8 1577
4235 9 
 8733 16 
 47244 23 
 2440
5 700 10 
 260-' 
 17 57597 
 24 20379
4 14173 11 
 233: is 
 886 
 25 3112
15257 12 
 53 670 
 19 '443 26 31l2
6 509 13 
 561""4 20 
 4119 
 27 7078
7 114 
 14 47161 
 21 2159 
 28 9378
 

Source: 
 I. Osayimwese, "A Transportation-Distribution Problem..."
 

RAIL COST PER TON-MILE FOR GROUNDNUTS
 

1Cost 
 per Ton-Mile
 

1V0-3U0 
 2.1 pence

3101-500 
 1.76 pence

501 and a-bove 
 1.55 pence
 

Source: 
 Compild Zrom, "The,Economic Coordination of Transport

Development in Nigeria," Stanford Research Institution, 
1961, pp. 87-93.
 

"iv 



..P COST PER TON MATRIX (1962) (f) 

Apaa Rai 
 P.H. Rail A~paa Rail P.H. Road 
 Warri-Burutu
 

A B C D E.
 

1 12.4 
 10.2
 
2 14.2
3 7.3 12.05.5 
4 8.4 6.5 

12.7 10.3 7.6
14.3 13.0 7.95 
 14.5 
 12.41
6 7.0 4.6 
 9.5 6.5 4.57 7.5 4.0 7.8 
 5.7 
 3.0
8 9.7 7.49 ).5.6 13.310 
 15.6 
 13.3
U1 7.8 7.7 13.7 15.5 8.212 10.0 
 7.2 
 17.5


13 6.4 6.3 
15.2 8.7 

!1.3 11.2 7.414 
 12.6 
 11.8
15 7.5 7.4; 13.5 7.813.2
16 6.0 
 6.0 
 8.8 12.0 
 6.7
17 
 10.8 
 13.0
18 7.6 
 9.1
19 5.0 5.9 
 7.5 
 6.8 
 4.2
20 6.5 
 4.6 
 11.4 
 9.3 
 6.6
21. 10 .13 6.9222 

12.8 
 10.3
 

24. 13.4 14.79.0 11.425 10.7 
 15.1
26 6.8 
 7.1 12.3 13.1 7.427 6.0 5.0 10.3 11.1 5.628 6.0 5.0 
 9.3 8.0 
 6.7
 
Note: The -outzs associated wifh the emrpy entries are non-existenz.
 
Source: I. Oyrte, "ATransportat on-Distribution Problem: An Application To
The Groundnut industry in Nigeria."
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