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ABSTRACT

Distribution of agricultural produce is undertaken to bridge the gap between production and
consumption arising due to spatial separation between areas of surplus and deficit. An investigation
of primal-dual links to spatial equilibrium model and integration of palm oil markets in Nigeria was
carried out using transportation model. Two-stage sampling technique was used to collect data from
3 markets and 276 distributors. Data were analyzed using linear programing model. Average cost of
transportation per mode was bus (N17, 173), truck (N 10,357) and lorry (N5,831 ) respectively. Total
transportation cost of N347,809,600.6k was observed compared to a minimized objective cost of
NI42,536,800.30k produced by the program. Highest optimal allocation to the destination markets
using the different mode of transportation were Port Harcourt-Lagos by lorry (103,200 MT), Owerri-
Maiduguri by truck (21,200 MT) and Ondo-Lagos by bus (19,800 MT) respectively. Subsidized cost
of public transport facilities will reduce high cost of transportation.

KEYWORDS
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INTRODUCTION

The distinguishing characteristics of spatial price equilibrium model lies in their recognition of the
importance of space and transportation costs associated with shipping a commodity from a supply
market to a demand market Nagurney (2002). This model is perfectly competitive partial equilibrium
model, in that it assumes that there are many producers and consumers involved in the production and
consumption of one or more commodities. The primary purpose for developing a spatial equilibrium
model is to determine equilibrium values for prices, quantities and trade flows between spatially
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(and/or temporally) separated regions or markets (Batterham & Macaulay, 1994). In the simplest
form of the model the assumption of perfect competition between regions is adopted and supply,
demand and transport costs between each of the regions are assumed to be known. A two-region,
single-commodity model can be solved graphically (see Bressler & King 1970 or Tomek & Robinson
1981). Slightly more complex models can be solved algebraically using the concepts of consumer
and producer surplus (SamuelsonI952). As noted in Takayama & Judge (1971) and Takayama &
MacAulay (1991), distinct model formulations are needed, in particular, both quantity and price
formulations depending on the availability and format of the data.

In the spatial price equilibrium problem, one seeks to compute the quantity supply prices, demand
prices, and trade flows satisfying the equilibrium condition that the demand price is equal to the supply
price plus cost of transportation, if there is trade between the pair of supply and demand markets. If
the demand price is less than the supply price plus the transportation cost, then there will be no trade.
In other words, spatial price equilibrium is obtained if the supply price at a supply market plus the
cost of transportation is equal to the demand price at the demand market. In the case of trade between
the pair of markets; if the supply price plus the cost of transportation exceeds the demand price,
then the commodity will not be shipped between the market pairs. In this model, a path represents
a sequence of trade or transportation link; one may also append links to the network to reflect steps
in the production process. It is the primal-dual character of the model that permits the connection of
market models with the spatial model by linking the output of the commodity modelled at the market
level to both price and quantity variables for the same commodity in the spatial equilibrium model.

Thus, there is a simultaneous determination of equilibrium prices and quantities in the market
and spatial :nodels. The result of this simultaneous solution is that if a higher price is generated for
the commodity modelled in the spatial equilibrium model this price is transmitted to the market
model. The market model solution will simultaneously generate a larger amount of the commodity
since relative prices in the market component of the model will have changed in favour of the higher
priced commodity. However, the market solution will be subject to the input-output coefficients and
resource constraints so that with a price rise for the commodity, the imputed shadow values on the
effective market resource constraints will also rise.

To incorporate the market models into a primal-dual spatial equilibrium model so as to replace
the supply functions in the standard spatial equilibrium model, it is necessary that the market models
be in a primal-dual form also. The market models can be transformed to dual models in the standard
way using the method described in Baumol (1977). The rows become the columns and the right hand
side the objective function, and the dual objective function is subtracted from the primal objective
function. If the primal-dual form of the market models are solved as models in their own right then,
as is the case with the spatial equilibrium model, the optimum value of the objective function is zero.

In spatial terms, the classical paradigm of the law of one price, as well as the predictions on market
integration provided by the standard spatial price determination models (Enke, 1951; Samuelson,
1952; Takayama & Judge, 1972) postulate that price transmission is complete with equilibrium
prices of a commodity sold on competitive foreign and domestic markets differing only by transfer
costs. If we interpret primal linear program as classical "resource allocation problem, its dual can be
interpreted as a resource valuation problem. These models predict that changes in supply and demand
conditions in one market will affect trade and therefore prices in other markets as equilibrium is
restored through spatial arbitrage. Thus this paper investigates the market model link to the spatial
equilibrium model in two ways, by quantity through the primal part of the spatial equilibrium model,
and by price through the dual part of the model.
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LITERATURE REVIEW

Goodwin, Grennes & Wohlgenant (1990) opined that when investigating relationships between prices
in market integration analysis, it is known that there is in general a simultaneity problem as economic
theory does not always give final answers to which variable is exogenous. This same problem is,
present in the analysis of supply chains. A multivariate system is used to forestall such problem. It
is advantageous if one is interested in causal price changes as different hypotheses then are nested
within a multivariate system (due to simultaneity, the results from such test are questionable if one
uses only single equation approaches). When price series are non-stationary, the Johansen test is
naturally recommended for such analysis.

Jyotish (2006) reviewed that in the sixties and the seventies, the methodological work on
the measurement of pricing efficiency in agricultural commodity markets focused on pair-wise
comparisons of price series data, i.e., the zero order correlation coefficient. Price series correlation
is regarded as a convenient indicator of market integration [see Cummings (1967); Lele (1967; 1971),
Jones (1972) and Thakur (1974)]. This approach has been strongly criticized despite its simplicity
in the literature on market performance in rural areas (Blyn (1973); Harriss (1979); Ravallion, 1983;
1986). The studies based on bivariate correlation were found to have involved methodological flaws,
the most serious one seems to have occurred due to their failure to recognize the possibility of spurious
integration in the process of common exogenous trend (e.g., general inflation), common periodicity
(e.g. agricultural seasonality) or auto-correlated and heteroscedastic residuals in the regression with
non-stationarity price data (Barrett (1996) and Palaskas & Harriss-White (1993).

In the mid-1980s, several attempts were made to improve upon earlier methods. The most
significant contribution to market integration method came from Ravallion (1986). In order to test
alternative hypotheses of market integration, he proposed a dynamic model of spatial price differentials.
Although this method mitigates the major methodological limitations of the bivariate correlation
method, it still involves serious problems that result in inefficient estimators, which are used for testing
alternative hypotheses of market integration and segmentation Palaskas and Harriss- White (1993).

Recent advances in time-series analysis especially those related to co-integration and error
correction methods have led to an explosion in the literature on testing for food market integration
in many countries including Nigeria [see for example, Asche, Bremnes, & Wessels, (1999); Goletti,
Ahmed & Farid (1995); Adenegan & Adeoye (2011); Ohen, Abang & Idiong (2007); Moshood,
Oladapo & Momoh (2011), Goodwin et al (1990), Okoh & Egbon (2005), Palaskas & Harriss-White
(1993), Afolami (2001); Mafimisebi (2008) and Ghosh, (2000)].

Palaskas & Harriss-White's (1993) study, however, involves methodological defects inherent in
the Engle & Granger (1987) method of co-integration. The most undesirable feature of the Engle &
Granger (1987) procedure is that the test results may be very sensitive to the choice of the variable
selected for normalization (i.e. the left- hand side in the regression). This problem is obviously
compounded when there are more than two variables. Moreover, the method does not provide any
procedure of testing multiple co-integrating vectors when there are three or more variables. Naturally,
conducting the test of market integration properly by the Engle-Granger co-integration method, it is
necessary to identify the central (exogenous) and peripheral (endogenous) markets. A much better
way to resolve the problem is to use the multivariate co-integration method developed by Johansen
(1988) and Johansen and Juselius (1990). This method treats all the variables as explicitly endogenous
and takes care of the endogenity problem by providing an estimation procedure that does not require
arbitrary choice of a variable for normalization. It also allows tests for multiple co-integrating vectors.

According to (Goletti et at, 1995), past research have identified various measures of market
integration including correlation coefficients (Farruk, 1970; Lele, 1972; Jones, 1972; and Blyn, 1973),
short and long-term tests of integration (Ravallion, 1986; Faminow and Benson, (1990), long-term
multipliers and times to adjust (Boyd & Brorsen, 1986; Mendoza &Rosegrant, 1995), co-integration
coefficients (Goodwin & Schroeder, 1991; Wyeth, 1992 and Palaskas & Harriss, 1991), causality and

60

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



lnternationafJOUmatofOperations Research and Information Systems

Volume 7· Issue 1 • January-March 2016

centrality tests (Farris, 1979). However, a comparison of various measures as well as an analysis of
the structural factors affecting these measures of market integration has been largely neglected, with
the exception of the papers by Goodwin and Schroeder, (1991) and Faminow and Benson, (1990).

Delgado, (1986); Adekanye, (1988) and Ejiga, (1988) works on market integration studies have
adopted the variance decomposition approach in their analysis which decomposed the variance of food-
grain price into components. With Delgado's approach, market integration is defined as the existence
of stable price spreads among markets in a given season, despite considerable variations in prices.
The study concluded that the markets are not well integrated. The method is dependent on correlation
of non-stationary time series with its flaw of possible spurious correlation and inferential errors.

Dittoh (1994) and Popoola & Rahji (2001) applied the Ravallion model to the study of market
efficiency in Nigeria. The Ravallion approach used an Autoregressive Distributed Lag (ADL) model
for testing "short-run" and "long-run" integration involving the correlation of price series of reference
(urban) markets as well as non-price determinants of demand and supply. It is a one-way approach
to market integration. Its basic flaws are the problems of simultaneity, failure to measure the level
of integration where the flow between rural and urban areas reverses with season, and colinearity
among explanatory variables, as well as the problems associated with non-stationary time series data.

Okoh (1999) and Okoh & Akintola (1999) adopted the Mendoza and Rosegrant (1995)
methodology, which applied a Bivariate Autoregressive Model (BAM) fashioned after the Ravallion
approach but avoiding the problems associated with it by ascertaining the stationarity of data and
differencing where necessary to obtain differenced stationary series. The studies showed that cassava
root and gari markets in the study areas were weakly associated.

Nkang, Ndifon & Odok, (2007) study was concerned with testing for long-run market integration
as well as determining the degree and the speed of price transmission in cocoa and palm oil markets
using standard econometric techniques. Both cocoa and palm oil markets were found to be weakly
integrated in the short-run and fully integrated in the long run with price transmission elasticities
approximately 1.00, indicating that the Law of One Price (LOP) holds in the markets. The study
concludes that producers of cocoa and palm oil in the study area benefit from spatial arbitrage as
suggested by the perfect integration of the markets and the fulfillment of the law of one price.

The general conclusion from these studies shows that the markets are poorly integrated. The
findings of these studies are doubtful. This is because the bivariate correlation coefficient and static
regression methods are beclouded with problems of overwhelming seasonal and secular trends, as
well as the possibility of auto-correlation from a static model calibrated to non-stationary time series,
leading to spurious correlations and inferential errors (Granger and Newbold, 1974; Harriss, 1979;
Blyn, 1973; Delgado, 1986; Ravallion, 1986; Palaskas and Harriss-White, 1993). The various studies
on the integration of foodstuff markets suggest that major sources of poor integration and inefficiency
include poor price information transmission channel, too many intermediaries and the high cost of
transportation, as well as the sources and validity of price data. An important observation is that while
markets have characteristics of perfect competition, the price correlation results show that they are
not integrated. This conclusion could be as a result of faulty methodology. As a result, various studies
of Nigerian foodstuff markets have applied the Ravallion model or co-integration with little or major
modifications such as Momoh and Agbonlahor (2007), Popoola and Rahji (2001) among others. But
the Ravallion model and co-integration analysis are only good instruments for determining pair-wise
spatial price equilibrium. They cannot determine the quantity traded at the spatial price in the markets.

This particular limitation of the models commonly used for estimating equilibrium market prices
necessitated the application of spatial equilibrium model (transportation model) in this paper. This is
useful in analyzing inter-regional price relationships and trading pattern where there are numerous
producing and consuming regions. The latter optimizes allocations to the various demand market
destinations at minimum cost of transportation. Ravallion model and co-integration analyses are
used to analyze markets pair-wise while transportation model is used to determine the inter-regional
price relationships and trading pattern in all the markets simultaneously. The transportation model is
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also used to determine the optimal quantity of commodity traded at the spatial price which Ravallion
or co-integration analysis cannot achieve. The identified weaknesses of the previous methods of
analyzing market integration necessitated the application of spatial equilibrium model in solving
optimal transportation and inter-regional integration of palm .oil markets in Nigeria.

Spatial equilibrium model was applied by Enke (1951) to establish the connection between
spatial price equilibrium problems and electronic circuit networks and Nagumey, (1992) applied
variational inequality theory to the study of spatial equilibrium and disequilibrium. Also Samuelson
(1952) and Takayama & Judge (1964; 1971) showed that the prices and commodity flows satisfying
the spatial price equilibrium conditions could be determined by an external problem, in other words, a
mathematical programming problem. However, these lack specific product and industry applications
- hence the present study. These are therefore, wide gaps in research this study tries to fill.

METHODOLOGY
Sources of Data

Data for this study were obtained from primary and secondary sources. Cross sectional primary data
were sourced through survey instrument of well-structured questionnaire. 324 set of questionnaires
were distributed to palm oil distributors in 3 main palm oil supply marketers in Rivers, lmo and Ondo
states representing highest producing areas in Nigeria. However, only 276 were valid for analysis.
Data on palm oil production and consumption in Metric Tons (MT) were collected from Raw Material
Research and Development Council (RMRDC) for 2012 while monthly retail price of palm oil from
March 2008 to February 2012 were collected from Nigeria Agricultural Extension Research and
Liaison Services (NAERLS).

Data Analyzes

Transportation Model

Transportation model was used to determine the routes that minimized total cost of transportation,
optimal allocation and distribution pattern of palm oil from the supply regions to the demand regions.
The transportation problem (TP) is a spatial optimization procedure that minimizes interaction
costs between origin and destination subject to capacity constraints, (Hitchcock, 1941). The aim of
transportation model is to minimize total cost of transportation between origin(s) and destination(s).
The objective of transportation model is to meet a set of restraints at minimum cost. It seeks to
supply the product deficit locations from surplus quantities available in the locations at minimum
cost (Beneke & Winterboer, 1973).Transportation problem involves the determination of optimal
shipment patterns from supply region to demand region (Olayemi & Onyenweaku, 1999; Ogunfowora
& Fetuga, 1975 and Aneke, 1977).

The linear programming method serves as basis to solve transportation problem by
transforming the later into the former. The value of the objective function which minimizes the
cost for transportation and the number of unit that can be transported from source i to destination
j IS determined (Taghrid, Gaber, Mohamed & Iman, 2009). If X is number of units shipped from

1)

source i to destination j, the equivalent linear programming model will be the objective function
(Prem & Hira, 1999). A multi-mode transportation model involves the shipment of commodity
using more than one mode of transportation. A generalized multi-mode transportation model is
presented as follows:

(1)

subject to:
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,\,m Xk.. «.
L...j;J 1J = a l

for i = 1,2,...m (2)

",m x: .._ bk •
L-j;J lj - }

for j = 1,2, ...n (3)

x; '? Ofor all i to}

In solving this problem, there are "m" origins (called supply regions) that can supply "n"
destinations (called demand regions) with palm oil. m is not necessarily equal to n. There is also the
quantity of the commodity available at the i-th supply origin, a; and the quantity of the commodity
required at the j-th destination, b., and unit cost of transportation of moving the commodity from the

J
i-th origin to the j-th destination, C.

IJ
The problem is thus that of constrained cost minimization. The condition that L ai = L bi means

that total quantity available for distribution must be equal to the total quantity requirement at the
destination. That is, total supply is equal to total demand. But in practice, the quantity of commodity
available X. may not necessarily equal a.. or b.. because each a.. may be distributed from i origin

1J 1J IJ IJ
to more than one j-destination. Also each j-destination may receive consignment from more than
one origin, provided of course, that the total quantity of the product distributed from all m origins
is equal to the total assigned to n destinations. When total demand exceeds total supply, a dummy
origin (supply region) is introduced to provide the excess demand (deficit) and when total supplies
exceed total demand, a dummy destination (demand region) is created to receive the excess quantity.

Given the above, the cost minimizing pattern of palm oil shipment is given by the following
linear primal programming model:

(4)

subject to:

L~;JXi~ = bj,} = 1,2,...n (5)

Equation 5 means that the quantity of palm oil shipped to a demand region is equal to the quantity
required in that region:

I:~=JX~ = a~,j = 1,2,...m (6)

Equation 6 shows that the quantity of palm oil shipped out of any supply region is equal to the
quantity available in that region:

(7)
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Equation 7 implies that the quantity of palm oil available in the supply regions is equal to the
total quantity required in the demand regions:

Xk >0IJ-

for all i and j is a restriction.
This simply requires that the quantities of palm oil shipped are non-negative.

The Model

Generally, the full model (comprising all the 3 modes of transportation i.e. bus, truck and lorry) is
presented as:

M· . . Z "n "m c:x:tntmtze = L..i=l L.. j=l if if (8)

subject to:

"n Xk > bk . - 1 2~ j=l ij _ j'} - , , ... n (9)

"m x' > k • - 1 2~j=l ij _ aj ,1 - , , ... m

-: 2: 0, for all i and j

The full model was applied in this study.

Notations Used

i = 1,2,3, .m denote the supply regions (origin).
j = 1,2,3, .n denote the demand regions (destinations).
Xii = the quantity of the palm oil moved from the i-th supply region to j-th demand region.
C\ = the unit cost of transportation (by mode) from the i-th supply region to the j-th demand region.
K = mode of transportation (i.e. bus, truck or lorry). Here, a mode is a means of transportation having

its own characteristics, such as vehicle type and capacity, as well as specific cost measures.
ai = the quantity of palm oil available at the i-th supply region.
b. = the quantity of palm oil required at the j-th demand region.

J .

These variables are defined for a period of one year.
Nigeria neither imports nor exports palm oil for now', Hence there is no need to incorporate

import and export into the model.

The Dual Model

For the dual problem, a linear objective function and its constraints are maximized based on Equations
(8), (9) and (10) as follows:

(II)
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subject to:

(12)

where:

R = Total revenue from palm oil marketing.
Y. = Demand requirements at destination j (i.e. demand constraints).
J
Y' = Supply capacities at origin i (i.e. supply constraints).
P = market prices (N) of palm oil in the demand market.
pl = market prices (N) of palm oil in the supply market.
p and pi are unrestricted in sign when we consider strict equality.
J
C\ = the unit cost of transportation (by mode) from the i-th supply region to the j-th demand region.
k = mode of transportation (i.e. bus, truck or lorry).

RESULTS

Optimal Allocations of Palm Oil from the Producing
Regions to the Consuming Regions

The full model has 81 variables, 18 constraints and an objective value ofN142, 536,800.The optimal
pattern of palm oil shipment is illustrated in Tables 1 and 2. They indicate that under the model, palm
oil marketers should distribute palm oil optimally as follows: 1000 metric tons of palm oil from Port
Harcourt to Lagos by bus at the transportation cost of NI7400; 70000 metric tons of palm oil from
Port Harcourt to Kaduna by truck at the cost of N 10000 etc.

The marketers should distribute the required quantities of palm oil to the various demand markets
each for a daily cost saving of NI42,536,800 against non-optimal plan of N347,809,600. The least
total cost of transportation (NI42, 536,800) obtained from the model indicates a 41.2% reduction
in the existing total cost of transportation. Table 3 in shows the minimized cost of transportation
and the optimal plan. Thus the result of the study suggests that palm marketers should transport
their produce through these recommended routes for optimum profit. Under the model, the average
transportation cost of shipping palm oil per metric ton from the producing regions to the destination
markets is Nil, 900.

Table 3 depicts the optimal plan for shipment of palm oil from the producing regions to the
consuming regions. Palm oil marketers are therefore advised to distribute their commodity following
the recommendations in the optimal plan. This will enable them maximize their resource use and
make more profit. Optimal solution is obtained by making successive improvements to initial basic
feasible solution until no further decrease in the transportation cost was possible. Therefore, an
optimal solution is one where there is no other set of transportation routes that will further reduce
the total transportation cost. The result agrees with the findings of Ogunfowora & Fetuga (1975) and
Aneke (1977). Zero allocation to Minna by the transportation modes could be explained by terribly
bad road network linking the route to the rest of the markets resulting to high cost of transportation
thereby making shipment to those markets with high penalty. The optimal solution also gives a shadow
price figure for each constraint (Table 2). The shadow price can be interpreted as the amount that the
objective value would improve as the right-hand side, or constant term, of the constraint is increased
by one unit. Shadow prices are sometimes called dual prices, because they tell how much you should
be willing to pay for additional units of a resource. Based on our analysis, palm oil marketers should
be willing to pay up to N 16250 for each additional unit of palm oil shipped to Lagos.
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Table 1. Result of the linear programming analysis

Variable Shipment Qty Obj. Cost Penalty

PHC-BUS-LAGOS 1000 17400 0

PHC-BUS-IBADAN 0 16250 -1500

PHC-BUS-ABUJA 0 17900 -1400

PHC-BUS-SOKOTO 0 19740 -2240

PHC-BUS-KANO 0 18150 ·1000

PHC-BUS-KADUNA 0 17400 -1050

PHC-BUS-MAID 0 19950 -3950

PHC-BUS-MINA 0 17800 -300

PHC-BUS-JOS 35000 18750 0

PHC-TRUCK-LAGOS 0 9500 ·750

PHC-TRUCK-IBADAN 0 8900 -1650

PHC-TRUCK-ABUJA 0 9750 ·750

PHC-TRUCK-SOKOT 14000 10650 0

PHC-TRUCK-KANO 0 11250 -1600

PHC-TRUCK-KADU 70000 10000 0

PHC-TRUCK-MAID 0 8500 -1350

PHC-TRUCK-MINA 0 10000 1500

PHC-TRUCK-JOS 0 8900 -13650

PHC-LORRY-LAGOS 103200 5250 0

PHC-LORY-IBADAN 0 5150 -1400

PHC-LORRY-AB UJA 50000 5500 -1245

PHC-LORRY-SOKOTO 40800 6500 -689

PHC-LORRY-KANO 0 6150 -458

PHC-LORRY-KADU 70000 5350 0

PHC-LORRY-MAID 0 6750 -1750

PHC-LORRY-MINA 0 6500 -750

PHC-LORRY-JOS 0 5850 -14100

OWE-BUS-LAGOS 0 17000 -750

OWE-BUS-IBADAN 0 16750 -2000

OWE-BUS-ABUJA 28800 17250 0

OWE-BUS-SOKOTO 0 19300 -1800

OWE-BUS-KANO 0 17150 -7500

OWE-BUS-KADUNA 0 18250 -1900

OWE-BUS-MAlD 0 19500 -3500

OWE-BUS-MINA 0 19250 -1750

OWE-BUS-JOS 0 18400 -15650

OWE-TRUCK-LAGOS 0 9000 -250

OWE-TRUCK-IBAD 0 8850 ·1600

OWE-TRUCK-ABUJA 0 9000 -1100

OWE-TRUCK-SOKOT 0 11400 -1400

continued on fol/owing page
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Table 1. Continued

Variable Shipment Qty Obj. Cost Penalty

OWE-TRUCK-KANO 0 11400 -1750

OWE-TRUCK-KADUN 0 9750 -900

OWE-TRUCK-MAID 21200 14500 -6000

OWE-TRUCK-MINA 0 11500 -1500

OWE-TRUCK-JOS 0 11150 -15900

OWE-LORRY-LAGOS 43800 5000 0

OWE-LORRY-ABUJA 0 5000 -1500

OWE-LORY-IBADAN 0 5250 -6000

OWE-LORRY-SOKOT 20200 6250 0

OWE-LORRY-KANO 80000 6500 0

OWE-LORRY-KADUN 0 5300 -200

OWE-LORRY-MAID 0 6750 -2000

OWE-LORRY-MINA 0 6400 -150

OWE-LORRY-JOS 0 5750 -14250

OND-BUS-LAGOS 19800 10000 0

OND-BUS-IBADAN 0 7500 -1000

OND-BUS-ABUJA 0 15000 -5750

OND-BUS-SOKOTO 0 16750 -6500

OND-BUS-KANO 0 17000 -7100

OND-BUS-KADUNA 0 16500 -7400

OND-BUS-MAID 0 19250 -10500

OND-BUS-MINA 0 17500 -7250

OND-BUS-JOS 0 18000 -22500

OND-TRUCK-LAGOS 0 6050 -600

OND-TRUCK-IBADA 36200 4750 0

OND-TRUCK-AB UJA 0 7500 -1200

OND-TRUCK-SOKOT 0 12000 -4700

OND-TRUCK-KANO 0 14000 -7050

OND-TRUCK-KADUN 0 13500 -7350

OND-TRUCK-MAID 0 14750 -8950

OND-TRUCK-MINA 0 11350 -4050

OND-TRUCK-JOS 0 11750 -19200

OND-LORRY-LAGOS 1000 4000 0

OND-LORRY-IBADAN 98000 2500 0

OND-LORRY-ABUJA 0 5000 -750

OND-LORRY-SOKOT 0 7500 -2250

OND-LORRY-KANO 0 7000 -2100

OND-LORRY-KADUN 0 6500 -2400

OND-LORRY-MAID 0 7000 -3250

OND-LORRY-MINA 0 6000 -750

OND-LORRY-JOS 0 6750 -200

Source: Data Analysis result, 2013
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Table 2. Result of the linear programming analysis, RHS or constraints

Constraint Value RHS Dual Price

Row I 125000 125000 16250

Row2 98000 98000 14750

Row3 115000 115000 16500

Row4 75000 75000 17500

Row5 80000 80000 17150

Row6 70000 70000 16350

Row7 65000 65000 16000

Row8 46000 46000 17500

Row9 35000 35000 2750

Row 10 0 36000 0

Row I I 84000 84000 -7500

Rowl2 180000 180000 -11000

Rowl3 3800 28800 0

Rowl4 67200 67200 -7500

Rowl5 144000 144000 -11250

Rowl6 23400 23400 -7250

Rowl7 54600 54600 0

Rowl8 117000 117000 -12250

Source: Data Analysis result. 2013

Table 3. Optimal plan for shipment of palm oil from the producing regions to the consuming regions

LAG IBA ABU SOK KAN KAD MAl MIN JOS

PHC-BUS
1000· 35000
(17400)'· (18750)

PHC-TRU 14000 70000
(10650) (I()()()()

PHC-LOR 103200 (5250) 50000 40800 70000
(5500) (6500) (5350)

OWE-BUS 28800
(17250)

OWE-TRU 21200
(14500)

OWE·LOR 43800 (5000) 20200 80000
(6250) (6500)

OND·BUS 19800 (10000)

OND·TRU 36200
(4750)

OND·LOR 1000(4000) 98000
(2500)

Source: Author's Computation. 2013
• Optimal quantity of palm oil shipped from the producing region to the consuming region
•• Cost of transportation
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Dual Solution and Spatial Price Equilibrium

The dual solution to the primal linear programming model also has 18 variables, 81 constraints and
N142, 536, 800 objective value. Pairs of market that entered the optimal program implied trading
pattern between the producing regions and the consuming regions hence, market integration. It can
be inferred that no trade exists among those market pairs not recommended by the optimal program.
Prices of palm oil at both the supply and demand regions of the markets pair corresponding to optimal
palm oil allocation also exhibit optimality. Table 4 gives the pairs of markets that are integrated under
the dual solution of the model. Out of the 81 market pairs, 17 (21%) are integrated while 64 (79%) are
not. The reason for this is that palm oil arbitrage exists between the markets in the optimal solution.
Zero allocation in the non-optimal routes implies that there is no trade between the markets pairs (no
market integration). This result also indicates the level of efficiency of the market pairs. It suggests
that the integrated markets exhibit marketing efficiency. This corroborates with the finding of Nkang
et at (2007) that palm oil markets in Nigeria suggest spatial integration.

CONCLUSION AND RECOMMENDATIONS

The general pattern of palm oil shipment under the programming model was from the major producers
of palm oil which also represent the surplus regions, to the marginal or deficit regions. The surplus
regions also serve as export center while the deficit regions are major importers. Optimum allocation
of palm oil from the producing regions to the distant markets was carried out at least cost under
the market pairs recommended by the linear programming model. The model has 81 variables, 18
constraints and an objective value of N142, 536,800. This solution indicates that the distributors

Table 4. Spatial price equilibrium (primal-dual models)

Market Pair Optimal Quantity (MT) Optimal Price (N) Transport Cost (N)

PHC-BUS-LAG 1000 78050 17400
PHC-BUS-JOS 35000 87428 18750
PHC-TRU-SOK 14000 79694 10650
PHC-TRU-KAD 70000 79481 10000
PHC-LOR-LAG 103200 78050 5250
PHC-LOR-ABU 50000 76688 5500
PHC-LOR-SOK 40800 79694 6500
PHC-LOR-KAD 70000 79481 5350
OWE-BUS-ABU 28800 76688 17250
OWE-TRU-MAI 21200 90027 14500
OWE-LOR-LAG 43800 78050 5000
OWE-LOR-SOK 20200 79694 6250
OWE-LOR-KAN 80000 86665 6500
OND-BUS-LAG 19800 78050 10000
OND-LOR-IBA 36200 78050 4750
OND-LOR-LAG 1000 78050 4000
OND-LOR-IBA 98000 72552 2500
Source: Data Analysis result. 2013
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should transport the required quantities of palm oil to the various demand markets each for a daily
cost saving of NI42,536,8OO against non-optimal plan of N347,809,600 to gain a 41% reduction in
transportation cost. Lorry mode of transportation recorded the least cost of transportation. Average
cost of transporting palm oil for bus was N17, 173, truck (NlO, 357) and lorry (N5, 831).

The result of the primal-dual analysis indicated that the differences in the market prices between
the 17 market pairs recommended by the program are equal to the unit cost of transporting palm
oil between the cities. This confirms the existence of the 'law of one price' or geographical price
advantage and commodity arbitrage among the regional markets. The optimum values of the price
at the supply and demand markets also indicate the comparative advantages of the various regions
- hence market integration. Market equilibrium was established by the determination of the optimal
price and quantity of palm oil at the destination markets by the model.

About 79% of the markets analyzed did not trade among themselves suggesting marketing
inefficiency. It can be inferred that market integration in Nigeria palm oil markets has not been fully
obtained in all the markets. This may be caused by the palm oil marketers' lack of access to good quality
marketing infrastructure and cost-effective marketing/distribution channels. The study concludes
that palm oil marketers in Nigeria benefit from spatial arbitrage as suggested by integration of the
markets and the fulfillment of the law of one price. Regional palm oil markets in Nigeria are poorly
integrated but optimal allocation ensures supply to distant markets at reduced cost. Palm oil flows
from surplus production regions to the various deficit consuming regions through cost - effective
distribution channels. Improved road networks and subsidized cost of public transport facilities will
reduce high cost of transportation.
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ENDNOTES

There is a ban on importation of palm oil into Nigeria since the year 2000 by the then Obasanjo
administration. The reason is to encourage local production of the product and sustain growth of the
industry. The current annual demand for palm oil alone in Nigeria is in excess of Imillion tons. With
domestic production at 885,000 MT there is thus a production deficit of over 115, 000 MT (RMRDC,
2008). This makes import necessary and export difficult.
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