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Abstract

The focus of this paper is the specification and estimation of a demand function for canned fish in the Spanish market over the time span 1987-1998. To do this, a conditional regression is used. This methodology has two stages. The first consists of estimating a model using the data from the household budget survey. This model explains how the expenditure on canned fish depends on the household disposable income and other demographic variables. In the second stage, using the previous results and the time series data, the price elasticities of demand are estimated.

The estimated income elasticities of demand lead us to believe that canned fish can be considered normal goods and the demand is income-inelastic, as proposed by Engel's law. From a statistical point of view, it is worth pointing out the cross elasticities of demand for canned fish with respect to the prices of other types of food are significant. In particular, fresh fish, frozen fish and poultry were found to be substitutes of canned fish, whereas the pork meat appeared to be a complementary product.
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1. INTRODUCTION

Spain is one of the most important fish consuming countries (1,206,000,000 kg. in 1998). This means that the annual consumption per capita is 30.3 kg. This amount is double the European average consumption per capita. The total consumption could be divided into 4 groups: fresh fish (46%), fresh, boiled and frozen shellfish (27.6%), frozen fish (13.1%) and canned fish (12.9%).

Nevertheless, fish consumption has shown a recent decrease. This reduction has affected each group of fishing products in a different way. On the one hand, the frozen and salted fish consumptions have fallen sharply. On the other hand, fresh fish consumption has remained constant and shellfish and canned fish demands have grown. In fact, this is the only group of fishing products whose consumption has increased in the last decade. This demand has mainly been satisfied with national production.

In particular, this paper focuses on the analysis of the Spanish canned fish market. The main goal is to find out the impacts of the prices, incomes and some social demographic factors on the national canned fish consumption. We have tried to estimate a demand model that allows us to determine the income elasticities and price elasticities of canned fish demand.

Most of the econometric research studies on food demand have been carried out on large groups of the goods. In these papers, fishing products have been considered as a whole. As a result, a shortage of papers about this topic exists. We analysed Wellman's paper (1992), which deals with the US fishing demand using household budget surveys from 1977/78, and Salvanes and DeVoretz's (1997), which is about the fish and meat demand in Canada using the household budget survey from 1986. Both studies apply the AIDS (Almost Ideal Demand System) developed by Deaton and Muelbauer (1980).

By contrast, the previous econometric studies on the non-grouped fishing product demand are single equation models. Despite their limitations, Prais and Houthaker's (1955) classical paper and Stone's (1954) paper, should be highlighted. The authors of the former study, using data from British household budget surveys for the period 1937-39, estimated different Engel’s curves for a large number of products. On the other hand, Stone (1954) combined the data of the household budget surveys with time series data in order to analyse the structure of the United Kingdom demand over the time span 1920-1938.

Table 1. Estimates of the elasticities of canned fish demand
Researcher
Data
Elasticity of demand



Income
Price

Wellman (1992)
1977-78 Nationwide Food Consumption Survey 
0.44
-0.52

Salvanes and DeVoretz (1997)
1986 Food Expenditure Survey Public Use Microdata Files
0.97
-0.98

Stone (1954)

0.8
-0.2

Prais and Houthaker (1955)

Working class:  0.7(0.05

Middle class:   0.91(0.22


In Table 1, income elasticities and price elasticities of canned fish demand are shown. As a general rule, the market behaviour of canned fish is the same as other food products, namely, normal goods which are income-inelastic and own price-inelastic.

In this work, taking into account the previous studies and the available information, we have decided to use the classical approach of conditional regression in order to determine the demand elasticities of canned fish and canned shellfish in Spain.

2. SPECIFICATION AND ESTIMATION OF THE MODEL

As we have stated above, we have decided to apply the conditional regression method which was initially proposed by Tobin (1950)
 and recently developed by Stone (1954) and Wold (1956). By using this approach, our intention is to solve the multicollinearity problem that arises when income and price elasticities are jointly estimated from the time series data. Basically, income elasticity has to be estimated from the data of the household budget surveys and, afterwards, these estimations should be used in the time series models. Finally, the price elasticities have been estimated in the time series models.

2.1. The analysis using the household budget survey data

The data used in the estimation of this econometric model come from the household budget survey, which was carried out by the Spanish Statistics National Institute (INE) in 1990/91 in relation to the Andalusian region
. In particular, our sample size is 3,674 households. According to Gracia and Albisu's (1995) paper, the 21 households which do not consume either fish or meat were not included. As a result, the sample size was reduced to 3,653 households. Among these, just 1,622 households consumed canned fish over the specified period of time. We concur with the authors, in that we also believe that the results were due to purchase infrequency because the sample period small. Specifically, this sample  lasted one week.
There is a simple way of dealing with the non-consumption problem given by Prais and Houthaker (1955). This consists of putting the households which have similar social economic features into groups. Then, the values of every group are averaged and these data are considered as fundamental variables in the models. This method is similar to the one employed by Stone (1954) and Deaton (1985).

Thus, we create household groups with the same social demographic features. The variables that have been taken into account were, the type of household and income. The first is a variable which is included in the survey and it divides the households into seven categories according to age and composition:

· individual or couple with no children who are mainly supported by an individual who is 65 years old or over

· one member household which is under 65 years old

· couple with no children who are mainly supported by an individual who is under 65 years old

· couple with children

· an adult person with children

· other types of households with no children

· other types of households with children

The income variable has split the households into four categories limited by the quartiles. In the end, we have obtained 28 groups. 4 of them have been erased. Specifically, we have excluded the groups associated with the families composed of an adult person with children because they included very few observations.

After the grouping, a new database has been got. This database is composed of the average values of the individuals included in each group. In particular, we have got the following variables, whose main descriptive statistics are summarized in Table 2:

· annual average expenditure per household on canned fish

· annual average expenditure per household on all the products

· annual average income per household

· average number of members per household

· proportion of people from 20 to 60 years old per household

Table 2. Statistical descriptives of the annual household expenditure on canned fish
Variables


Non-grouped

Observations
Grouped

observations


Non-zero observations
Mean
No. of groups
Mean
Standard deviation

Canned fish expenditure (pts.)
1,622
8,080
24
7,210
2,779

Total expenditure per household (pts.)
3,653
2,264,052
24
2,105,677
872,557

Total income per household (pts.)
3,653
1,937,380
24
1,817,934
989,464

No. of members per household
3,653
3.67
24
3.03
1.54

Engel’s curve has been estimated as a lineal function. Nonetheless, we have transformed the original variables because the regressions are based on the grouped average values, as proposed by Greene (1998), multiplying each side of the equation by the square root of the number of observations that are contained in each group. Accordingly, we assure the assumptions of the general linear model are fulfilled. Lastly, the grouped data model is an example of General Least Squares(GLS) in an heteroscedastic model. For that reason, we use the GLS estimator. The general form of this type of models is given by

Ei/ni = α0 + α 1 Xi/ni + α 2 Pi + α 3 ni + Єi                                       (1.1)

where Ei represents the annual expenditure per household on canned fish; Xi denotes the annual total expenditure or income per household; Pi is the proportion of people from 20 to 60 years old per household; ni is the average number of people per household and Єi is a random disturbance. The parameters of the previous equation have been estimated for different models: (a) explains the expenditure per capita on canned fish with regard to the total expenditure per capita; (b) is the same model as (a) adding the proportion of people from 20 to 60 years old per household as regressor; (c) is the same model as (b) adding the average number of members per household as regressor; (d), (e) and (f) are the same as (a), (b) and (c) respectively, but instead of using the total expenditure per capita we include the total income per capita. The estimated models are shown in Table 3.

Table 3 Models of canned fish demand in Andalusia
Model
α 0
α 1
α 2
α 3
Adjusted R2 (
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A
710.34

(216.29)
0.002410

(0.000315)


0.816
0.796

B
365.28

(205.27)
0.002210

(0.000265)
1009.41

(301.74)

0.876
0.847

C
757.85

(271.44)
0.001951

(0.000278)
1305.26

(316.01)
-99.028

(48.69)
0.893
0.851

D
1234.72

(194.37)
0.001855

(0.000312)


0.740
0.706

E
777.102

(215.82)
0.001701

(0.000264)
1155.63

(360.48)

0.820
0.784

F
1249.78

(260.40)
0.001454

(0.00025)
1542.04

(348.37)
-140.37

(53.096)
0.861
0.814

The parameter α 1 in the models (a), (b) and (c) represents the slope of Engel’s curve with regard to the total household expenditure per capita, which includes self-consumption, self-supply, salary in kind and rents. The other 3 equations determine α 1 in relation to the total household income per capita, including both monetary and non-monetary income. Most of the empirical research use the total expenditure per capita as explanatory variable because this information is usually collected directly from the household budget surveys, whereas the total household income per capita data are got from extra information, such as tax statistics. However, as Wold (1956) stated, both elasticities are complementary and one or the other will be used depending on the research interest
. The parameters α 2 and α 3 denote the “proportion of people from 20 to 60 years old per household” and family size, respectively.

From a theoretical point of view, all the estimated coefficients have the correct signs and all of them are statistically significant. Likewise, all the estimated regressions are good fits. These regressions explain at least 74% of the variance of the explained variable. However, these 
[image: image2.wmf]2

R

 based on grouped data can be only used in comparative terms because, due to the estimation process, multiplying both sides of the equation by the vector composed of the square roots of the number of observations per group eliminates the constant term from the model and, as a result, 
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 is not limited between 0 and 1. In the same table, an alternative goodness-of-fit measure (R2 G) proposed by Greene (1998) is shown. R2 G consists of estimating R2 of the original model once the GLS estimator has been got. Nonetheless, this goodness-of-fit measure is not limited in the interval (0,1). Therefore both measures are only descriptive.

Table 4 Goodness-of-fit measures to select alternative regressions
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APC
AIC

Model a
0.816
20,529,425
19,71563

Model b
0.876
14,397,806
19,35819

Model c
0.893
12,943,930
19,24818

Model d
0.740
28,982,705
20,06047

Model e
0.820
20,940,004
19,3278

Model f
0.861
16,758,586
19,50647

Among the first 3 estimated models, taking account of different model selection criteria such as the adjusted R2 (
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), the Amemiya Prediction Criterion (APC) (1985) and the Akaike Information Criterion (AIC) (1973), we have chosen model c. Equally, among the models that use the total household income per capita as regressor we have selected model f.

Table 5 Hypothesis testing to select non-nested models
Test
Null hypothesis
F-statistic
p-value
Conclusion

Combined model

Model c: 

Y = Xβ + Є

Model f:

Y = Zγ + Є
Y = Xβ + Z1 γ1 + Є1
(Z1 =it includes the variables of the matrix Z not included in the matrix X)


γ1=0 

(The parameter of the total income is equal to 0) 
F =1.614
p=0.22
Model f should be rejected in favour of model c. 




Y = Zγ + X1β1 + Є1
(X1 =it includes the variables of the matriz X not included in the matriz Z)
β1=0

(The parameter of the total expenditure is equal to 0)
F = 7.39
p=0.014
We accept model c instead of model f. 



J test 


Y = (1-α) Xβ + α (Z γ) + Є
α =0
F = 1.614 
p= 0.22
Model c is accepted. 


Y = (1-α) Z γ + α (Xβ) + Є
α =0
F = 7.39
p=0.014
Model f is rejected. 

To conclude, regarding the selection among models c and f, it is worth noting that they both can be considered complementary because they explain different aspects of the expenditure. However, from a strictly statistical point of view, after applying Mizon and Richard's combined model (1986) and the J test proposed by Davidson and MacKinnon (1981)
, we would reject the hypothesis in which model f is the best model.

Table 6 shows demand elasticities computed by means of the average variable values. The estimated total income elasticities of demand and total expenditure elasticities suggest that canned fish can be considered normal goods that verify Engel’s law because they have an inelastic demand and, as a consequence, the increases in the total household income or expenditure resulted in lower increases in the canned fish consumption. Moreover, if we compare the results among the first three models with the other ones, we will be able to realise that the income elasticity is similar to the expenditure elasticity, tending usually to be lower. This assertion was also stated by Wold (1956)
.

Table 6 Estimated elasticities of demand for Andalusian households, 1990-91


Income elasticity
Total expenditure elasticity
Proportion of people from 20 to 60 years old per household elasticity
Household size elasticity

Model a

0.7262



Model b

0.6660
0.1870


Model c

0.5879
0.2418
-0.108

Model d
0.4991




Model e
0.4577

0.2141


Model f
0.3912

0.2857
-0.1536

Finally, the negative sign of the household size elasticity shows the existence of scale economies in the product consumption. Therefore, the more the number of members of the household is, the less the per capita consumption is, though the decreases are lower.

2.2. The analysis using time series data

The data used in this analysis have been collected from the following statistical sources:

· Annual series of canned fish consumed quantities per capita in Spain over the time span 1987-1998 were got from a survey called "Panel de Consumo Alimentario", carried out by the Spanish Ministry of Agriculture, Food and Fishery.

· Price series are the Consumer Price Indices (CPI) (1992=100), which are undergone by INE. Specifically, we have used the CPI of the food group and the CPIs of the following subgroups: "fresh and frozen fish", "canned fish", "poultry" and "pork meat".

· Finally, we ha used both the net disposable domestic income per capita and the domestic private consumption, carried out by INE.

To carry out the demand analysis, we have used a log-linear model based on the time series data. This model assumes the existence of constant income elasticities and price elasticities. It can be written as

log(qt) = δ + β0 log(Rt/pt) + ( βi log(pit /pt) } + γ t + et                         (1.2)

where qt is the annual canned fish consumption per capita measured in kg; Rt denotes in some models the net disposable domestic (national) income per capita and in other ones the domestic private consumption per capita; pit (i=1,2,3,4) are the CPI of different food subgroups (1992=100); pt is the CPI of the food group (1992=100) and, finally, t=1,2,...,n is a linear trend which represents those factors that varies slowly such as taste and custom changes.

The coefficient β0 represents the total income or expenditure elasticity of demand. Lastly, the coefficients βi denote the own price elasticity of canned fish demand (β1) and the cross elasticities between canned fish and the rest of the food products (fresh and frozen fish, poultry and pork meat).

In order to estimate the equation (1.2), the following aspects have been taken into account:

1. The income elasticity of demand has been estimated from the household budget survey data.

Two models have been estimated:

(A) The first uses the domestic consumption per capita as explanatory variable in (1.2). In this case, we have used the estimated elasticity in model c as estimator of β0.

(B) The second includes the net disposable domestic income per capita as regressor in (1.2). Consequently, we use the estimated elasticity in the model f as estimator of β0.

2. The variables have been differenced once in order to yield a white noise residual. As a result, the constant term δ disappears from the model (1.2) and the parameter of the trend variable turns into the constant term of the new differenced model.

3. According to Stone (1954), we have assumed that the proportionality condition is satisfied. As a result, only the price of canned fish and the price of its substitute and complementary products have been included. Thus, taking into account most of the studies on the fish demand, it is observed that the complement and substitution relationships are more important among fishing and meat products. In particular, we have used the following CPIs:

a. Canned fish

b. Fresh and frozen fish

c. Pork meat

d. Poultry

4. The income, consumption and price series have been deflated by the CPI of the food group (1992=100).

To sum up, the regression which has been used to estimate the model (1.2) is

d { log(qt) - ( log(Rt/pt) } = ( βi d { log(pit /pt) } + γ + et                          (1.3)

where d{.} denotes the original variable differenced once and ( is the estimator of β0. The estimated models are shown in Table 7.

Table 7 Analysis of canned fish demand in Spain, 1987-1997


Model A (Expenditure)
Model B (Income)

Own price elasticity
-1.0707

(0.4956)
-1.3983

(0.4478)

Fresh and frozen fish price elasticity
1.3564

(0.4052)
1.4619

(0.3661)

Poultry price elasticity
0.7192

(0.2211)
0.7437

(0.1998)

Pork price elasticity
-1.1658

(0.3053)
-1.1760

(0.2759)

Trend
0.0310

(0.0122)
0.0268

(0.0110)

R2

0.829
0.868
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0.693
0.763

Despite the high R2, it is worth remembering that they determine the proportion of the variance of the logarithms of the consumption per capita differenced once adjusted by the income which is explained by the predetermined variables. Furthermore, we have got small statistical series. This fact limits to a large extent our results. However, we observe that the model parameters have the correct signs from a theoretical point of view. For that reason, we can use them as a rough approximation of those values.

In both models, the own price elasticities of canned fish demand are negative and statistically significant. The demand is elastic. As a consequence, fluctuations in canned fish prices cause higher consumption changes.

From a statistical point of view, the cross elasticities of canned fish demand with respect to the fresh and frozen fish and with respect to poultry and pork meat are significant. Wellman (1992) got the same results for the US fishing demand. As a consequence, increases in fresh or frozen fish or poultry prices and decreases in pork meat prices produce an increase in the canned fish consumption per capita.

Lastly, the statistical significance of the linear trend and its positive sign show a slow rise of the fish consumption per capita after taking into account the effect of prices and incomes.

3. CONCLUSION

In this study, price elasticities, income elasticities and other social demographic factor elasticities of the canned fish demand have been estimated in the Spanish market from 1987 to 1998.

After analysing all available data, due to the small sample size of our time series, conditional regression has been considered the most suitable methodology to estimate income elasticities and price elasticities of canned fish.

The results point out that canned fish can be considered normal goods which verify Engel’s law because of the inelastic demands. Furthermore, the negative sign of the household size elasticity shows the existence of scale economies in this product consumption.

Moreover, the own price elasticities of canned fish demand are negative and statistically significant. From a statistical point of view, the cross elasticities with regard to fresh and frozen fish, poultry and pork meat are also significant. In particular, while pork meat appears to be a complementary product, the rest of the products are substitutes for canned fish. Finally, the statistical significance of the trend and its positive value show the slow rise in the fish consumption per capita once the price and the income effects are eliminated.

However, this study is a rough approximation of canned fish demand elasticities in the Spanish market. When longer time series and more detailed information on the consumption and price evolution of the different fishing products are available, we could get more definitive results in the understanding of the key factors of the fish product demand. This information is crucial in the production and marketing planning programmes of industry and in the assessment of institutional policies.
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