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SUPPLY RESPONSIVENESS OF NIGERIAN FISHERIES TO PRIEND POLICY
FACTORS FROM 1971-2010

ABSTRACT

The aim of this study was to estimate the long and short run supply responsiveness of
Nigerian fisheries sector to price and policy viales for the 1971 to 2010 period using the
bounds testing approach to cointegration in ordepresent policy makers with empirical
evidence of the viability of previous policies. TWerk was undertaken using the time series
data on fish production from 1971-2010. These degige obtained from the Federal fisheries
department, National Bureau of Statistics, centbank of Nigeria and the FAO.
Autoregressive Distributed Lags approach to conatign was applied to estimate long run
and short run supply responsiveness of the seR&sults show that generally, fish supply
was inelastic to price and policy variables in blsthg and short run- except the long run
area variable with an elasticity of 1.1%. Althoygiices and policy variables are important,
they have not elicited the desired change for tbleefies subsector. Proper policy mix to
support price initiatives like provision of morealts and increased productivity through
training as access to modern equipments may elecidare elastic responses.

Key words: Supply, Responsiveness, Fisheries, Friokcy, elasticities.

1. INTRODUCTION

The Food and Agriculture Organization (FAO) hasoremended daily per capita animal

protein of 35g. On the average however, a Nigec@msumes less than 9g of animal protein
in a day. This is in spite of enormous endowmentisiferies resources which provide her
with capacity for production of cheap animal proteburce. Poor exploitation of resources
has led to low level of fish consumption. Over tim®rld average consumption of per head
has been increasing while Nigerian per capita aoqpsion has been declinir{jgure 1)
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30 Figure 1: World and Nigerian per capita fish consunption by year
31 Source: Constructed from FAO and Nigerian Federal Depaming Fisheries data
32 Per capita production has been unsatisfactory had, until recent times been unsteady
33 (Figure 2)
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35 Figure 2: Trend in per capita fish production over time.
36 Source: Constructed from miscellaneous data source
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In fisheries deficient countries where both soeatl economic concerns often dominate,
intelligent policy making requires an adequate ust@ading of both economic and human
factors: the economic structure and dynamics ofitiery system, on one hand, and the role
of social, cultural, institutional and political @ect on the other [1]. This is imperative for
attaining sustainable sufficiency and is premispdrnuan understanding of the outcomes of
previous interventions. This is the basis for syppgsponse analysis which seeks to
determine long run (static) and short run resparsgs of production to price and policy

factors.

The Nigerian fisheries sector provides means otliood to 26.5 million people Its
contribution to agricultural sector proportion bEtGDP is 4%. Nigeria fish exports include
mainly shrimps (86%) while her imports include ntginanned, stock, frozen fish. Foreign
exchange from shrimps between 1993 and 20022Was347,164.00 Nairevhile the import
bill stood at2,174,777,403.00 Naifar the same period [2].

In 1971 demand for fish was 463,593 metric ton attile supply wag09,537 metric tonin
1975 the demand rose ¥&0,422 metric torwhile the supply wag66,236 metric tonsBy
2007, the demand was estimated at 2.66 million wamge domestic production was 0.6354
million tons as at 2008. The percentage of demaetl lmy domestic supply was 88.3%,
80.3% and 23.9% in 1971, 1980 and 2007 respectigblywing a scenario of steady rise in
deficit. The resulting massive importation has Igidupressure to bear on our hard earned
foreign reserves. According to [3] Fish is one loé topmost 4 items of food import in
Nigeria gulping=RLO5 billion 2005.

The Nigerian fisheries sector exists in a paraddigeria has enormous resources for fish
production: a continental shell area of 37,934Kmpastal area length of 853Km, an
exclusive zone of 210,900 Kif#], inland water surface area of 14 million ha dnd million

ha of land available for aquaculture [5], with aiséng pond area of 60,000 ha conferring

on aquaculture an estimated potential of 2.5 nmlhwetric tons [6].

Despite these potentials, the demand—supply gajpdrassted. The demand for fish protein
in 2007 was 2.66 million tons while domestic prailut was 0.6354 million tons. This
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deficit was partly augmented by importation of ab@d40,000 tons of frozen fish valued at
594.4 million USA Dollars [6].

Furthermore, the sector’s contribution to entireFGB a paltry 1%. Again, the sector exists
with a lot of trade imbalances [2], leading to thes of huge amount of foreign exchange.
For instance, while the total import as at 2007 @& million metric tons valued at USD

594.4 million, the total shrimp export at same penvas 0.005 million metric tons valued at
USD38.3 million [6].

Following the above scenario, policy makers havertime applied varying degrees of
incentives to spur production. These strategiesbased on the prevailing policy era as
dictated in most cases, by the prevailing politickinate. The era before the structural
adjustments programme (SAP) i.e (1960-1985) wiwkssild policy intervention like

provision of inputs and extension services and igron of loan among others [7]. The SAP
era however saw a drastic policy environment. SiARoduced in 1986 was anchored on

trade liberalization [8].

Works on supply response in Nigeria have so fanleased towards the crop sub-sector of
agriculture [9, 10, 11, 12, 13]. A Study by [14] @upply response of agricultural
commodities which include the fisheries sector waptured within Nerlovian adjustment
framework which has long been faulted [15]. Thedgtby [14] is also outdated- i.e it was
conducted over 15 years ago. There arises thetoemuhduct an in depth up-to-date study to
examine the long run and short run responsivenkeggedisheries sector to price and policy
variables bearing in mind recent econometric dguakents. The importance of supply
response analysis is to present policy makers weitipirical evidence of the viability of
previous policies. This concept is important inttifathe production of a commodity is
econometrically elastic to a policy variable, itples that such a variable is important in

influencing production outcomes.
2. The theory of supply response

Supply response modeling has its underpinningerthieory of the firm. The commonly used

approach for analyzing the firm’s problem from tbetput perspective assumes that
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optimization has already been made in the inputesend that the firm uses the least cost

combination for the production of any level of auttp

The least cost approach is plausible because peosludgll want to produce a given output
with minimum cost outlay rather they try to dirgctiptimize in the output space by equating
marginal factor productivity to marginal factor t¢$5]. This is because, farmers are only
aware of what they pay for input and do not gemerhhve an idea of the marginal
productivities of inputs. From the theory of firm,profit maximizing firm produces output
up to a point where it equates its marginal reveiués marginal cost. Since producers are
generally price takers, profit maximization behawequates marginal cost to price. As such,

a firm’s supply function is simply its cost funatio

Therefore supply can be expressed as the invertse dfic function. Agriculture seems to be
the sector that comes closest to satisfying theegaker criterion in a perfectly competitive
market [16]. This implies that since the produsea iprice taker, he must pay attention to the
prevailing price in his production plan. A key camson from the theory of the firm
therefore is that price is the most important deteant of supply.

Supply response in agriculture owes much to thelseork of Marc Nerlove in the United
States- see [17]. Nerlovian model has been créctifor it obvious econometric defect [18]
but has been applied to Nigerian agriculture [11L4B Alternatives to the Nerlovian model
have been applied [10,12,15].

Such alternative models are based on cointegratimh error correction. Based on the
Augmented Dickey fuller test, [12] has applied tmethodology to the responsiveness of
sorghum production in Nigeria. A possible problenthwcointegration analysis in this

framework is reverse causality which if not takerecof, could lead to biased elasticity

estimates. This is always the case with single sguéime series estimation.

This problem led to the employment of a more recahtegration technique. The most
widely used method of the single equation apprdaatointegration is the Engel-Granger 2
step procedure. This procedure has been appliedptioicedure to the Cameroonian rice
industry [19]. This procedure however ignores thersrun dynamics in the process of

estimating the cointegration vector, leading tshiathe long run relationship.

5
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To mitigate the above, [20] proposed an AutoregvesBistributive Lag (ARDL) model.
The shortcoming with this model is that the paraneistimates are only asymptotically
efficient when weak exogeneity of regressors isiagsl. But reasons are that prices, as has
been shown in [15] may not be weakly exogenous.ilAgais ARDL framework assumes
the existence of only one cointegrating equatidms Tasts doubt on the efficiency of the

estimates in the event where there is more tharcoiméegrating equation.

The Johansen estimation procedure succeeds ingdais ailment but is handicapped in
assuming that the order of cointegration is the esdar all variables and known with
certainty- a problem it shares with the Engel-Garqgocedure. But this is not true since the
unit root test has a low power to prescribe theeomf cointegration with certainty. this
approach was applied by [21] in their investigatof agricultural responses to price and

exchange rate in Nigeria and [22] in an analysisioher supply response in Nigeria.

[23] have proposed an ARDL method to cointegratidmich tackles some of the above
issues. Its ability lies in the following propedidirst, it captures the both the short run and
long run dynamics when testing for the existenceamhtegration. Second, it permits the
estimation of cointegration even when variablesrarteintegrated in the same order, thereby
eliminating the need for cointegration test. Thitdyffers straightforward test for existence
of a single (unique) cointegrating vector rathemtlassuming that there is only one. Four, it
takes into account the possibility of reverse chitysdus ensuring the validity of parameters
estimated. This procedure has been applied byt Zimbabwean agriculture and [10] to

Nigerian rice production.
3. Methodology

Empirically, the relationship between fish supphd its determinants is modeled in implicit

form as
QFSht =T (Xi)s et e 1
where (X) represents the independent variables

Explicitly, this relationship is defined as
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Qfsh; =a + pyprcfsh; + popremt; + paexr; + pslon; + psArea + pstemp; + B7SAP +s.....2

Where: Qfsh is the quantity of fish produced in year t (tonmkfsh is the real price of fish
per kg (N, prcmt represents the real average price of livestoclkafyper kg {N while exg is

the exchange rate (relative to the American dolartNUSD). lon stands for the volume of
loan granted to the fishery subsector (‘08)) Area is the area of fishing activities proxied
by number of artisanal fishermen, tamepresents average yearly temperatd@) (while
SAP is a dummy for SAP (0 in periodl, 1 in peribdrd 2 in period Ill)a =the interceptp;

are the coefficients of the regressors anésehe disturbance term. Data were sourced from

FAO, Central Bank of Nigeria, National Bureau océtiitics and Federal Department of Fisheries and

the Nigerian meteorological agency in their rawnsrbut analysed in their natural logarithm state

The dummy variable SAP was included to captureefifiect of institutional/market reforms
during the structural adjustment programme erastadd proxy for data on infrastructural
development, technological advance, resources mebifor research and extension as data
on these variables are hard to obtain in a thirddveountry in Nigeria [10]. We consider
equation 2 in the framework of equation vi beaimgnind the need to include lagged forms
of both sets of variables and estimate the follgwi@sulting equation see [23] and [10] for

detailed manipulations. The Eviews 7 statisticalkage was used in the estimation.
The conditional VECM for the study was specified a

ALNQfsh¢ =a + ®1LnQfshy;+®, Lnprcfshy; + @szLnhpremt p +éd4Lnexry; +dsknlong
1+@gLnAreacs + Gd7Lntempri+@sSAP 4371 .eALNQfshyy +X1_ .@ALnprcfsh
XL @ALnpremt i+ X7 esALnexr+Y L .@sALnlon g +Y,] .@eALnArea.

#Xfelntempeit X7 @sASAP 3

Where all other variables aas defined; andw; are vectors of the long run multipliers and

the short run dynamics coefficients respectivel¢ Bn represents the natural logarithm.

The first step in testing the cointegration relaship between fish supply and its
explanatory variables was to estimate equatioflre presence of a cointegrating equation
was determined by conducting a test (F-test) ferjoimt significance of the lagged levels of

the variables. The null hypothesis is stated as
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179 Results and Discussion
180 4.1 Unit root test
181 The result of this test using Augmented Dickey-&utiest is presented in Table 1 that the
182 variables are a mixture of 1(0) and I(1), whichtjfiss the used of the ARDL.
183 Table 1: Results for Unit Root Tests of Variables
Variable Lag t-statistics  99% Lag t- statistics 99% Conclusion
critical critical
value value
Fsh 0 -0.73 3.62 0 -5.59 3.62 1(1)
Prcfsh 0 -0.56 3.62 0 -7.00 3.62 1(1)
Prcmt 1 -2.05 3.62 0 -3.76 3.62 1(1)
Exr 0 -0.06 3.62 0 -5.09 3.62 1(1)
Ln 0 -1.15 3.62 0 -5.32 3.62 1(1)
Area 0 -1.18 3.62 0 -7.22 3.62 1(1)
Temp 0 -5.43 3.62 1(0)
184 Source: Data analysis, 2014

185  The F statistic of 5.38 when output is the dependanable exceeds the upper bound (Table 2).
186  Hence, we reject the null hypothesis of no coirdégn and, based on its unique status further

187  conclude that there is a unique cointegrating egna@mong the variable.
188
189
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Table 2: Bounds Testing Results for Cointegration fovariables

Dependent Output  Price Livestock Exchange Loan Fishermen
variable price rate
F-statistic  5.38*** 241 3.55 1.81 2.14 4.16

1% critical values: lower bound [(0) =2.96 and upf®und (1(0))=4.26.
Source: Data analysis, 2014
4.2 Supply responsiveness of fisheries sectomprice and policy factors.

Based on the cointegrating relationship, an ARDJ2,(,1,0,0,0,1) was estimated. The lag
length selection was based on ST@e diagnostics tests of Durbin-Watson, LM, alkrolt
the possibility of autocorrelation in the model lehthe ARCH also ruled out the presence of
heteroskedasticity in the model. Similarly, thebgity tests usingcumulative sum of error
(CUSUM) andcumulative sum of error squared (CUSUMi@)figures 3 and 4 respectively
attest to the stability of the model as they shbat the residuals are within the 5% bounds.
The F ratios were also statistically significanbioth cases at 1% level of error. The result is
presented on Table 3.Coefficient of lagged valughef dependent variable indicates that
supply adjusted positively to previous supply. msiies by [15, 10] and [22] were

insignificant.

The long run elasticities for price is inelasticdastompared unfavourably with those found
elsewhere. It is lower than the 0.4 long run respely by [14]. Others studies like [15] and
[10] and [13] found higher inelastic coefficientsr fcommodity price variables. The
discrepancies in the findings agree with the assem literature that supply responses vary
across commodity and region. The negative signddanthe elasticity of price implies that
prices in the sector are adaptive i.e. prices atedf after harvests have been made.
Coefficient of the price variable lagged by twoisates that fish output responds to price of
the last 2 years. This response was also inelaated on the small elasticity estimates. This
short term elasticity compares well with those &0][ [11]; compares poorly with the
findings of [14], and [15], [12] [22], but is sinait to that found in [19]. Although [10]
inferred from inelasticity to own price variableathfarmers are irresponsive to price, it
should be noted that they actually are as canvasg¢tl5], [21] and [12]. The assertion by

9
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these scholars is valid as farmers are assumed tational people seeking to meet profit

maximization objective.

This finding further reinforces the assertion tipaice incentives are necessary but not
sufficient to elicit supply response even in thershun and that the influence of price varies
across commodities and regions. [21] however foandegative elasticity for the same
variable. In order to elicit supply response in tlesires magnitude and direction, reforms

must be comprehensive, taking into account thefathat may hamper supply response.

The estimated long run coefficient of volume ofrlcadvanced to the sector was positively
signed and significant. The low elasticity estimhtavever implies that the subsector total
output is irresponsive to loan on the long run.sTlew elasticity may not be unconnected
with the fact that government over the years haaeodred aquaculture sector in the
disbursement of loans more than the artisanal stdoysthat provides the bulk of fish supply.
This situation may have masked the influence af loa the output of the fisheries sector. In
the short run volume of loans advanced to the fishesector also influenced the output of
the sector positively although the elasticity (0.@2 low. [12] found far higher elasticity
(0.7440) for government expenditure on agricultwtgle [19] found a moderately higher

elasticity (0.11) for the same variable.

The long run elasticity estimate for “Area” proxieg the number of fishermen succinctly
captures the influence of the artisanal subsectdhe entire sector as the variable is mainly
related to the artisanal subsector. The relatignetfiects the level of responsiveness of the
entire sector were the artisanal sector to be falhjgorated. The long run elasticity estimate
of 1.1 implies that the sector is responsive toease in number of fishermen (or area). The
estimate shows that an increase in area by 10%pwithpt an 11% increase in fish output on
the long run. Long run elasticities for area by][fd rice production in Nigeria and [15] for
aggregate agricultural production in Zimbabwe adastic. This also suggests that supply
responsive varies across region and commoditys lhawever important to note that
available fishermen are not technically efficientiahat their resources have also not been
optimally applied [24] while [25] has relayed tHahing industry in Nigeria is inefficient.

Short run elasticity for “Area” was inelastic altigh it was positively related to fish supply.

10
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This elasticity is higher than those found in [80d [15] whose estimates were insignificant

and lower than that found in the error correctioodel adopted by [12].

Temperature was found to be an important deternioérfish supply in the long run.

Temperature increase has been reported to favaigulgral production. Scientists have
however hinted that this favourable dispositiorclohate change will be short-lived beyond
a particular temperature at which agricultural pricbn will begin to respond negatively.
The short run coefficient estimate compares favalyravith that of Ogazi (2009) but is

lower than the finding of [15] and [12]. These fimgls however contrast in signs with that of
[26].
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Table 3: Short run and Long run Supply Responsivenss of Nigerian Fisheries sector

Short run Long run
Variable Elasticity t-value Elasticity t-value
QFsh(-1) 0.256 2.169**
Pricfsh -0.106 0.958
Prcfsh(-1) -0.160 -1.135
Prcfsh(-2) 0.280 2.081**
Prcmt -0.032 -0.275 0.06 0.865
Exr 0.027 0.370
Exr(-1) 0.001 0.015
Ln 0.022 2.560** 0.017 1.710%**
Area 0.625 6.156* 1.062 9.218*
Temp 0.276 3.405* 0.308 1.769***
SAP -0.519 -2.108**
SAP(-1) -0.102 -0.515
Ecm(-1) 0.549 3.636*
Constant -0.026 -0.729 -1.117 -0.811
Adj.R? 0.57 0.799
F 5.75* 23.2*
D.W 2.11 1.88

LM=0.65(0.53)
ARCH=0.24(0.62)

Source, survey Data, 2014. Note: *, ** and *** @ 1%, 5% and 10% respectively.

The error correction term is negatively signed ygseeted and highly significant. The error
correction term of 0.549 implies that about 55%a0¥ distortion in the long run equilibrium
is restored within a year. This is close to thamenfl in [12] and [10], higher than those in
[11] and [22] but lower than that found in [15]daf21].

12
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Fig. 3a. CUSUM plot of residuals
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Fig. 3b: CUMUQ plot of residuals.
5. CONCLUSION

Elasticity estimates of the price and policy valéshindicate that relying on the price to spur
production is somewhat a blunt instrument alteuaato eliciting supply response. The same
conclusion is true of the policy variables captunedhis study. Increasing the number of
fishermen however holds some promise for futurk fisoduction. Owing to the widening

supply demand gap and the profound macroecononoiblggns effect it may continue to

13



286
287
288
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

have, a policy mix that will better elicit much g response should be put in place in
tandem with price variables. Such a policy mix base comprehensive, consistent and
pragmatic and should address factors that may iinsifpply responsiveness. For instance,
such a policy mix must include robust financingipglinput and marketing policies as well
as protectionist external trade policy. Also, intepof the positive relationship between
number of fish producers and output, training amavigion of better crafts and gears may

better elicit supply response than merely increathie number of fishing personnel.
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