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Test the Contractionary Effect of the Currency Crisis in Egypt
(2001) on National Output
Ayman Mohammed E. Hendy
Assistant Professor, Economics Department
College of Business Administration,

King Saud University, Riyadh, Saudi Arabia

ABSTRACT

The objective of the paper is to investigate the effects of a large devaluation of
domestic currency, on the national output of Egypt during the currency crises episode,
to test whether the currency depreciations have expansionary or contractionary effects
on national output. This paper also aims to investigate the channels of spill-over effects,
from the currency crises to national output. Egypt frequently experiences currency
crises, and it is difficult to investigate them all. This paper rather concentrates on the
last currency crisis incident-on July 2001.

The econometric analysis of this paper includes two tests; first, a regression analysis
of Egyptian national output determinants, including the impact of exchange rate, and
dummy variables of the currency crises. Second, a causality test of the relationship
between exchange rates and national output.

The paper observed several channels of spill-over effects from the currency
crises, to national output, such as the increase of the prices of imported inputs, the
deterioration of foreign investment returns, capital flight, currency substitutions,
market expectations, banking crises, and the liquidity crunch. The paper concluded
that there is no significant relationship between the deterioration of national output,
and the currency crises in Egypt. In addition, the paper concluded that there is a strong
statistical significance of the relationship between national output, and real effective
exchange rate movements.
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Abstract. This paper utilises the non-parametric frontier approach Data Envelopment
Analysis Approach (DEA), to analyse the technical efficiency of an Islamic bank in Riyadh by
using total expenses and number of employees in each branch as an input, and total revenue
and daily average work as output. The study evaluates 67 branches of the bank thats located in
Riyadh. More than 50% of the branches, less than 80% efficient, which imply the possibility
of cost reduction. Fifty Six branch out of 67 less than 100%. If the 56 less efficient branches
increased their productivity to the level achieve by the 11 best-practice branches, the total
savings the bank can achieved in the expenses is about SR50 million per year, and labor can be

reduced by about 116 employees.

I. Introduction

In competitive industries, the institutions that survive are usually those

that are among the most efficient and effective in their operations. Given that,
a certain bank having multi-branches in different locations in Saudi Arabia,
can achieve highest levels of performance in its respective branches through
continuous improvements and learning which will in tum help the bank to
compete in its financial market. Similar functions pursued by branch networks
do not simply imply similar performance since there are many operational
aspects (e.g. technology use, space or human resource investment) which
lead to variations in their performances. Therefore, a measure of branch

1
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performance or Technical Efficiency (TE) is often useful for policy purposes,
where the concept of economic efficiency provides a theoretical basis for such
ameasure. Ifit were determined that relatively high production costs are due to
inefficiencies, then a policy of improving efficiency could be implemented.

There are different ways to measure the TE of a branch. However, one
of the best methods is Development Envelopment Analysis (DEA), which
can identify expense savings that are not identifiable with traditional financial
and operating ratio analysis. To employ DEA, one needs to build a Linear
Programming (LP) based technique that converts multiple inputs and multiple
outputs into a scalar measure of relative productive efficiency. Measuring TE
level of the branches assists in addressing the following questions “which
branch is the most efficient one?” And “what are the potential improvements
for the inefficient branches?”. In addition, decomposing TE into pure TE and
scale efficiency allows an insight into the sources of inefficiencies. It, also,
helps determine whether a bank has been operating at optimal returns to scale,
increasing retumns to scale, or decreasing retums to scale.

This study evaluates an Islamic bank, which it is denoted as bank (A)
for the purpose of this study, (located in Riyadh, where it secks to answer
the question of whether its respective branches, are technically efficient or
not, and to measure the level of TE by means of the DEA. The purpose of
these comparisons is to determine and rank the best performers along with
guidelines for improving the rest, which would enable the decision makers in
the specified bank to identify the best practice among the bank’ branches, and
to provide them with the guidelines needed to improve inefficient branches).

The plan for the study is as follow. In section II, the literature review on
the subject matter. The model is discussed in section III, Then the analysis is
provided in section IV.

II. Literature Review

There is a growing body of literature that has demonstrated the efficiency
of branch level influence firm performance and profits, as measured by
financial measures and customer satisfaction. There are several ways to
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measure efficiency; however, the DEA method has become one of the most
popular tools for productivity analysis and has achieved wide recognition as an
indispensable tool in the world of financial analysis. DEA was introduced first
by [5] as a new method for measuring the efficiency of decision making units
(DMUs) [15]. DEA is the right method to conduct productivity analysis when
there are multiple inputs and outputs measured in different units and there is no
desire to translate each unit of measurement to a common scale [9]. For service
organizations, DEA is a powerful new tool and in particular the DEA has been
widely used and several applications abound in the banking sector. In several
instances where DEA has been employed, financial service organizations freed
up more than 20 percent of its annual operating costs which help to identify
inefficient branches in the organizations and the change they need to undertake
to reach the levels of efficient branches (see [2], [7], [16]). Comparing
productivity of banks in the USA, [3] evaluated the productive efficiency and
performance of U.S. commercial banks using constrained multiplier, input-
oriented, DEA. One of their important findings is that a close relationship
exists between efficiency and soundness as determined by bank examiner
ratings. [10] examined the effect of a group of branch-based customer service
delivery processes on a retail bank’s financial performance, as measured by
return on assets (ROA). They analyzed eleven of the most common customer-
service delivery processes within a branch in 121 retail banks in the year 1994.
Their study demonstrates that both the aggregate performance as well as the
variation of performance across these eleven processes was closely associated
with firm financial performance. In addition, authors applying DEA method
to banking generally find average inefficiency ranging anywhere from less
than 10% to over 50% of costs [4]. Hence, reducing costs will raise profit and
competitiveness of such a bank. One bank with 33-branch in the USA has been
able to identify over $6 million of annual expenses by employing DEA, that
cannot be captured with traditional financial and operating ratio analysis in its
branch system [16]. The authors conclude that this bank is able to improve its
branch productivity and profits while maintaining service quality. [13] studied
the commercial network of a large Canadian bank performance using DEA
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where they found that some branches are clearly inefficient. Accordingly, the
Bank’s management accepted the authors’ findings and made some crucial
changes based on that. Moreover, the authors stated that “the bank involved us
in a series of targeted on-site audits in braches I selected based on the analysis,
in order to start identifying performance drivers and to plan an implementation
phase based on our results.” ( p.15).

ITII. Model:

Bank efficiency, and the question of how to measure it, is an important
subject. The measurement of efficiency has been a popular field of research
since Farrell published a seminal paper in 1957[8]. Farrell developed the
concept of Technical Efficiency (TE) based on the relationships between inputs
and outputs [14]. TE is a measure of producing a given set of output with a
minimum set of inputs; in other words, TE refers to the physical relationship
between inputs used in the production process.

In general, the aims of measuring DMU level efficiency is to estimate the
frontier that envelops all the input/output data, with those observations lying
on the frontier being described as technically efficient, while observations
lying below the frontier are considered technically inefficient [9].

[12] has defined TE as: “a producer is technically efficient if any output
requires a reduction in at least one other output or an increase in at least one
input, and if a reduction in any input requires an increase in at least one other
input or a reduction in at least one output. Thus a technically inefficient
producer could produce the same outputs with less of at least one input, or
could use the same inputs to produce more of at least one output.” (p.60).

The DEA method uses input and output data for a group of DMU to
construct a piece-wise linear surface over the data points. It defines the frontier
with input levels held constant for each DMU; output-oriented. Using Linear
Programming (LP) to estimate the DEA frontier where observed input and
output quantities form a production possibility space, which determine TE of
individual DMU [9].

This study takes the multi-branched A Bank as case study where there
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are K inputs, M outputs and N DMUs (branches). For the italics DMU, it
has x, and y, vectors thus resulting in a KxN input matrix X, and an MxN

output matrix Y, for the entire set of data. Efficiency is defined as the ratio
A

) . ) ) z U Vim

of the weighted sum of output over the weighted sum of inputs; 1.e. 24

Z VaXik
k=l
where u, is an Mx1 vector of output weights and v, is Kx1vector of input
weights [6]. A mathematical programming model to determine the optimal
weights is :

Max , , (#'y)
s.t..
vx =l
Wy, - v'x, <0,
k=1,2,...K

p,v=>0

Alternatively, the DEA problem can be expressed using the dual form of
the model.
Min, , 6V%°
st. YA-y=>0
0x, -X\ >0 i=12,..
NA=1
A 20

Where 6, is a scalar measures the TE of the ith branch and A is an N x1
vector of constants attached to each of the efficient branches. The value of

0 is the efficiency score for the ith branch. This estimate will satisfy the
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restriction § <1 To derive a TE score for all branches in the data set, the LP
problem must be solved N times, once for each branch in the sample. The
inclusion of the convexity constraint means that the data are enveloped more
closely than with the Constant Returns to Scale (CRS) model. This means that
the TE scores derived under a Variable returns to Scale (VRS) are greater than
or equal to those obtained under the CRS counterpart. The constraint, N’A =
1, ensures that a DMU is only compared to other DMUs of a similar size.

IV. Data and Variables

To determine the efficiency of A’s branches in Riyadh, one need to get
inputs’ and outputs’ data for each branch in the city of Riyadh. Data about
branches’ inputs/outputs have been obtained from the headquarter of the bank.
Before submitting the request form to collect data needed for the study, the
manager of branch network department had been interviewed, who facilitated
the interview with some of branch managers in Riyadh. The study found out
that there are some major differences among the branches in Riyadh, where
there are special ranking given to each branch. In addition, some branches
are allowed to offer services which are not available in other branches. Since
the objective is to measure the efficiency of each branch and to specify the
reduction in each input required to enhance efficiency, detailed data are needed
on inputs/outputs including services provided in each branches, type of labor,
branch’s rank, rental cost of the branch building or the opportunity cost of
that if the building is owned by the bank, plus other detailed miscellaneous
expenses...etc... These detailed data were not provided; instead aggregated
data were supplied by the Branch Network department at A bank. The data that
have been supplied include the following: Inputs consist of (rent for branches
that are not owned by A Bank, Expenses, number of employees, and employee’s
salaries), while output include ( total Revenue, number of customers, Current
accounts, and daily average number of work ). These data cover Riyadh City
and some of the small villages around Riyadh; forming a total of 94 branches.
However, the focus of the study remains on Riyadh; therefore branches which
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are not located in Riyadh were subsequently discarded.

After evaluating the input and output data to decide on those that should
be kept in the study to measure branch efficiency, as far as input data are
concemed, Rent cannot be used as an input variable because there are about 40
branches owned by the bank and no rent has been specified. The opportunity
cost surrogate can be used in a future study. Therefore, total expenses and
number of employees in each branch have been used as input variables. As far
as the output data is concerned, total revenue and daily average work in each
branch are good representative of the required output variable. These outputs
can reflect the resources such a branch needs to generate its total revenue and
to run the daily work required by its customers. Hence, in the final analysis the
total number of branches that has been included in this study was 67 branch.

V. Analysis and Results

a. Efficiency:

The mathematical model, the formulation of which was presented
in section III, formed the basis for the simulation analysis which has been
conducted in this study. Results of this simulation analysis are presented in
this section where the levels of branches’ efficiency in the scale of (0-100%)
are calculated, with a 100% representing an efficient branch; while a less than
100% means that the branch is less productive. In those instances, indications
are that the inputs can be reduced for inefficient branches without any affect
on the output. In order to get the efficiency scale of each branch, the LP
problem, which was described in section II, needs to be run one time for each
branch. Table (1) presents the solution to the LP problem which maximizes
the efficiency rating of the corresponding branches subject to the constraints.
Out of the 67 branches in Riyadh, eleven have a maximum efficiency rating
of 100%, which means that those branches are performing very well. The rest
are inefficient and have a potential to reduce inputs. For example, the rating
of branch 1, indicates that the branch is 61% as efficient as its reference set.
Hence, it could reduce the resources at its disposal by approximately 39%
without reducing its outputs. All the branches that were proven inefficient, i.e.
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with an efficiency rating of less than 100%, are in fact using more resources
than they need, which imply the possibility to reduce their inputs without
incurring any effect on their outputs. Hence, the cost of operating branches 1
to 55 can be reduced without any adverse effect on their outputs.

Table (1): Branches’ Efficiency

Branch No. | Efficiency Branch No. | Efficiency | Branch No. | Efficiency
1 61% 23 78% 46 86%
2 64% 24 78% 47 88%
3 64% 25 78% 48 89%
4 66% 26 78% 49 91%
5 66% 79%, 50 91%

27
6 66% 79% 51 91%
28
7 67% 29 80% 52 92%
8 67% 30 80% 53 95%
9 67% 31 80% 54 96%
10 68% 32 81% 55 96%
11 69% 33 81% 54 9%
12 71% 34 81% 57 100%
13 71% 35 81% 58 100%
14 72% 36 81% 59 100%
15 2% 37 82% 60 100%
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Branch No. | Efficiency Branch No. | Efficiency | Branch No. | Efficiency
16 74% 38 82% 61 100%
17 74% 39 82% 62 100%
18 74% 40 83% 63 100%
19 74% 41 83% 64 100%
20 75% 42 84% 65 100%
21 75% 43 85% 66 100%
22 T7% 44 85% 67 100%
45 86%

Source: Output of the model run

b. Potential Saving in Resources

Since the efficiency rating gives just the proportion of total resources that
can be saved in each inefficient branch, while not being able to identify which
inputs should be reduced and by how much, then more information is needed
to specify which input has been wasted and by how much. The model is
capable of yielding these pieces of information. Table (2) presents the possible
reduction in every input used in an inefficient branch. In the table, the first two
columns represent the actual data for expenses and labor, which have been
obtained from the bank. The third column contains the particular expenses that
should be allocated to each inefficient branch to increase its’ efficiency, while
labor in the fourth column. Columns 5 and 6 illustrate the total savings that can
be achieved by reducing the amount of resources available to the inefficient
branch. The percentages of reduction of each branch’s inputs are demonstrated
in columns 7 and 8. For instance, the expenses of Branch#12 are SR583,813
monthly, and there are 12 employees in the branch. From the model result, the
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branch inputs can be reduced to SR 414507.23 and 9 employces for expenses
and labor respectively. Total saving that can be gained from efficiency gains
through reduction in this branch amount to SR 169305.77 and 3 employees in
expenses and labor respectively. In other words, the expenses of branch #12
can be reduced by a considerable percentage of 29%. Also, the general cost of
labor input can be reduced in the branch by 25%.

From the bank’s data, the total expenses of the 67 branches and the total
number of employees is SR 264,025,781.52 per year and 628 employee
respectively. From the analysis, the expenses to operate the 67 branches, if they
are efficient, should not exceed SR 214,458,257.7804, and the total of labor
in these branches 512 employee. Therefore, if the 56 less efficient branches
increased their productivity to the level achieve by the 11 best-practice
branches, the total savings the bank can achieve in the expenses is about SR50
million per year, and labor can be reduced by about 116 employees.

However, for best interpretations of the model results, it is important to
combine the information contained in table (1) and (2) with whatever other
information is available about the branches. «A valuable contribution of the
DEA occurs when its results contradict management>s accepted knowledge
about the branches, thus promoting an in-depth investigation. Such an
investigation may bring into light information about the operation of the
branches, which up to that moment had been ignored. So, DEA can be seen
as part of a continuous process of information generation and understanding»
([16]; p. 593)

Thus, the results given in this study require more investigation about each
branch to identify why their inputs are higher than the best-practice branches
before taking any action. Also, one needs to be sure that the best-practice
branches do not have special services that tend to boost their outputs. In
addition, one needs to make sure that the sources of each branch profit remain
similar.
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Table (2): Excess inputs according to the Model (Monthly data)

Actual Input Usage Potential Inputs Saving % Decrease
Branch Name Expenses Employees Expenses Employees Expenses Employees | Expenses | Employees
12 583813 12 414,507.23 9 169,305.77 3 29% 25%
39 516696 9 423,690.72 7 93,005.28 2 18% 22%
6 281497 12 185,788.02 7 95,708.98 5 34% 42%
51 106836 6 97,468.30 5 9,367.70 1 9% 17%
5 240715 10 158,939.40 7 81,775.60 3 34% 30%
46 181851 7 156399.7 6 25,451.30 1 14% 14%
23 431725 10 336400 8 95,325.00 2 22% 20%
44 172323 8 146357.6 [ 25,965.40 1 15% 13%
16 187513 9 137860.4 7 49,652.60 2 26% 22%
14 202929 7 146475.3 5 56,453.20 2 28% 29%
20 170966 9 127559.8 7 43,406.20 2 25% 22%
27 175965 7 137252.7 6 38,712.30 1 22% 14%
24 198454 9 154770.9 7 43,683.10 2 22% 22%
34 155674 7 126437.9 6 29,236.10 1 19% 14%
28 257723 9 203709.7 7 54,013.30 2 21% 22%
49 223226 9 202242.7 8 20,983.30 1 9% 11%
29 190488 7 152381.9 6 38,106.10 1 20% 14%
17 238620 8 175724 6 62,896.00 2 26% 25%
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Table (2).

Actual Input Usage Potential Inputs Saving % Decrease
Branch Name Expenses Employees Expenses Employees Expenses Employees | Expenses | Employees

58 542864 11 542864 11 0.00 0 0% 0%
3 397811 10 254611.3 6 143,199.70 4 36% 40%
57 297839 8 296686.2 8 1,152.30 0 0% 0%
59 174877 5 174877 5 0.00 0 0% 0%
60 118908 5 118908 5 0.00 0 0% 0%
9 454089 10 304239.63 7 149,849.37 3 33% 30%
38 467511 9 383359.02 7 84,151.98 2 18% 22%
4 566949 12 374186.34 8 192,762.66 4 34% 33%
61 120835 5 120835 5 0.00 0 0% 0%
10 499623 10 339743.64 [ 159,879.36 3 32% 30%
19 386104 11 287219.6 8 98,884.40 3 26% 27%
62 247633 5 247633 5 0.00 0 0% 0%
63 73667 6 73667 6 0.00 0 0% 0%
35 226115 8 183812.5 7 42,302.50 1 19% 13%
36 919187 14 744541.47 11 174,645.53 3 19% 21%
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Table (2).

Actual Input Usage Potential Inputs Saving % Decrease
[ Branch
Expenses Employees Expenses Employees Expenses Employees | Expenses | Employees
| Name
50 540783 13 491032.2 12 49,750.80 1 9% 8%
33 631832 13 512657.5 11 119,174.50 2 19% 15%
25 339139 9 264428.9 7 74,710.10 2 22% 22%
7 279354 9 186960.5 6 92,393.50 3 33% 33%
43 714609 13 607417.65 11 107,191.35 2 15% 15%
8 425129 13 284474.4 9 140,654.60 4 33% 31%
54 293467 10 280171.2 10 13,295.80 0 5% 0%
64 163453 7 163453 7 0.00 0 0% 0%
48 383150 12 341899 11 41,251.00 1 11% 8%
65 339309 10 339309 10 0.00 0 0% 0%
45 463884 12 401210.9 10 67,673.10 2 14% 17%
56 174916 8 173321.8 8 1,594.20 0 1% 0%
13 449876 12 320690.6 9 129,185.40 3 29% 25%
37 219924 7 179341.9 6 40,582.10 1 18% 14%
42 528758 11 444935.7 9 83,822.30 2 16% 18%
31 187069 9 149847.5 7 37,221.50 2 20% 22%
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Table (2).

Actual Input Usage Potential Inputs Saving % Decrease
|~ Branch
Expenses Employees Expenses Employees Expenses Employees | Expenses | Employees
__Name
21 376414 15 281330 11 95,084.00 4 25% 27%
32 295936 10 239681.1 8 56,254.90 2 19% 20%
47 197109 9 173177.4 8 23,931.60 1 12% 11%
66 667288 12 667288 12 0.00 0 0% 0%
53 299840 9 286159.1 9 13,680.90 0 5% 0%
41 276105 10 229223.8 8 46,881.20 2 17% 20%
2 385805 10 245714.5 6 140,090.50 4 36% 40%
67 379362 8 ) 379362 8 0.00 0 0% 0%
30 441026 10 352606.9 8 88,419.10 2 20% 20%
11 202458 8 140411.3 6 62,046.70 2 31% 25%
55 309377 10 295,377.00 10 14,000.00 0 5% 0%
40 292055 9 241,643.70 7 50,411.30 2 17% 22%
1 380764 13 231,568.60 8 149,195.40 5 39% 38%
52 162557 7 149,836.30 6 12,720.70 1 8% 14%
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Table (2).

Actual Input Usage Potential Inputs Saving % Decrease
" Branch
Expenses Employees Expenses Employees Expenses Employees | Expenses | Employees

Name

26 170211 8 133,080.20 6 37,130.80 2 22% 25%

15 285796 10 206,808.30 7 78,987.70 3 28% 30%

18 522062.75 9 386326.435 7 135,736.32 2 26% 22%

22 207304.71 9 159624.6267 7 47,680.08 2 23% 22%
Total 22,002,148.46 628 17,871,521.48 512 4130626.978 116
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Conclusion

The study measures the efficiency of Islamic bank in Saudi Arabia. This
study evaluates an Islamic bank, which it is called bank (A) for the purpose
of this study, ( located in Riyadh, where it seeks to answer the question of
whether its respective branches, are technically efficient or not, and to measure
the level of TE by means of the DEA. The purpose of these comparisons isto
determine and rank the best performers along with guidelines for improving
the rest, which would enable the decision makers in the specified bank to
identify the best practice among the bank’ branches, and to provide them with
the guidelines needed to improve inefficient branches). More than 50% of
the branches less than 80% efficient, which imply the possibility of reduction
of the cost. The efficiency of 56 branch out of 67 less than 100%. If the 56
less efficient branches increased their productivity to the level achieve by
the 11 best-practice branches, the total savings the bank can achieve in the
expenses is about SR53 million per year, and labor can be reduced by about
122 employees.
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Application of Truncated Poisson Count Data
Model: Determinants of Fresh Fish Consumption in
Riyadh City, Saudi Arabia

Mahmoud M. Alderiny

Agricultural Economics

King Saud University, Riyadh, Saudi Arabia

Abstract: A zero-truncated Poisson regression model was applied to analyze
the relation between the dependent variable: monthly frequency of fish consumption
by households in Riyadh city, Saudi Arabia and a set of explanatory variables including
individual’s share in household’s monthly expenditure on fish, years of education head of
family, age head of family,, residence location, nationality, and head of family, attitude toward
fish. Maximum likelihood method was used to estimate the parameters of the model. Statistical
inference was carried out on a random sample of 100 families selected from Riyadh city, Saudi
Arabia. The results showed that: education years, family residence location, nationality,
and attitude toward fish are all significant predictors of household’s fish consumption frequency.
Moreover, the estimated model has a good overall fit, which makes it useful in production and

marketing of fresh fish.

Key words: Consumption demand, Truncated Poisson Count Data
Model (TPCD), Maximum likelihood, Hessian matrix H, Non linear system
equation.

I. Introduction
Over the past several years there has been a rise in consumer demand

for fresh fish in Riyadh city, Saudi Arabia. This may, in part, be a consequence of
27
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consumers’ perception that fresh fish tastes good and contributes to good
health. It may also be associated with increases in variety choices among meat
groups. However, our understanding remains limited of how this trend in fish
consumption and the change in consumer preferences combine to determine
consumer demand for fresh fish.

From 1970’s, some imaginative approaches to the analysis of consumer
demand have produced new insights. These approaches have extended
the neo-classical model of consumer choice to explore buyers attitudes
towards consumption, to estimate the willingness to pay for different quality
dimensions and, even more fundamentally, to uncover the process of preference
formation.

Remarkably, minimum attention has been paid to understanding the
relationship between the consumption of fish and variation in lifestyle.
Presumably, understanding how lifestyle factors influence consumption
behaviorand demandisimportant forbusiness intargeting specific demographic
groups. Such understanding is also important in providing insight into what
motivates consumer choice in general.

This paper uses the Truncated Poisson Count Data Model (TPCD) to
analyze the determinants of fresh fish consumption demand in Riyadh city,
Saudi Arabia. It is our contention that the frequency of fish consumption
is strongly influenced by lifestyle indicators, socio-demographic profile and
the consumer’s experience and beliefs regarding available fish varieties in
the market. The suggested (TPCD) model describes the relation between the
number of times a family consumes fish per month as a dependent variable and
a set of quantitative and qualitative explanatory variables such as, individual’s
share of household’s monthly expenditure on fish, years of education of family
leader, age of family leader, residence location, nationality, and whether the

family leader likes to eat fish or not.
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IL. Properties of Fish Consumption in KSA

At 2005, the Kingdom of Saudi Arabia produced 74752 metric ton ,
imported 141 MT, and exported 14129 MT, this means, Kingdom consumed
60764 MT this year. While, in 2006, the King produced 81058 MT, imported
156 MT, and exported 14476 MT, that is mean, the Kingdom consumed 66738
MT. Then the total quantitative of consumption increased in 2006 compared
with 2005 by 9.8% increase (Fisheries statistics of Saudi Arabia, 2006).

Al-Sultan and Khalifa (2005) presented a study including estimation

of targeted production and consumption of fish in Saudi Arabia, and they show
that the average retail price of fish, red meat and rice are the most important
factors determining the individual consumption of fish. Moreover, fish still
luxury especially in the regions far from the cost. Also, there is a difference
between targeted and actual consumption level due to the actual level attainad
about 89.92% of targeted level during 1980-2000.

1. Methods and The Empirical model

The Poisson regression (PR) model has been widely used to study and
analyze count data; it was used to assess the effect of a group of explanatory
variables on a discrete dependent variable which follows Poisson distribution
(PD). On the other hand, a family of Truncated Poisson regression (TPR)
models has appeared in recent literature. A member of this family that is
applicable to discrete random variables, is the truncated-at-zero Poisson
distribution, Prob(Y =y|y>0).

This distribution is typically used in models of recreational demand where
observations of zero uses are discarded (Shaw,1988).  Van der Heijden,
Cruyff, and Van Houwelingen (2003) used the model for estimating the size

of a criminal population from police records. They show that the truncated
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Poisson regression model can be used to obtain point and interval estimates
of the size of two categories of offender populations. The dependent capture—
recapture variables are constructed from Dutch police records and are counts
of individual arrests for both violations. The population size estimates were
derived assuming that each count is a realization of a Poisson distribution, and
the Poisson parameters are related to covariates through the truncated Poisson
regression model.

Gurmu and Trivedi (1996) developed a modeling approach for a count
data set for a recreational boating trip that shows a frequency of zero counts
significantly higher than that expected for Poisson-distributed data. They
considered several parametric and semiparametric mixed and modified Poisson
models as alternatives to the Poisson regression. The analysis suggested that
the negative binomial hurdles model, which allows for overdispersion and
also accommodates the presence of excess zeros, is the most satisfactory of
all those considered.

The study of Shonkwiler and Shaw (1996) focused on non participation
in recreation demand modeling and the use of modified count-data models.
They clarified the meaning of the single-hurdle Poisson (SHP) model and
derived the double-hurdle Poisson (DHP) model. This study contrasted DHP
with the SHP and showed that the DHP is consistent with Johnson and Kotz’s
zero-modified Poisson model.

Suppose Y, is count dependent variable that follows a Poisson
distribution (PD), which is related to a vector x; = (1, X, %;,..., %, , )’
, where x,,x,,..,x; ,, are p—1 explanatory variables. The Poisson

regression (PR) model is given as:

Y -
PCY, =y, = H SR, M

fory, =0,1.2,..., where X; is a px1 dimensional vector, i; >0 is

the conditional mean of Y, given observation on X, mostly used in the
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exponential form: , it is given as

E(y,|x,) = y; = exp(x;B) @)

where is a P -dimensional vector of regression parameters.
In ge case that Vi can not be equal zero, truncated Poisson
regression (TPR) can be applied, and the truncated Poisson distribution
(TPD) is the conditional probability, P(Y; =¥, | ¥, >0), defined by:

Vi
P(Y, =y, |y, > 0) =B PO
yi-(l—exp(—ﬂi)

p-1
b, = EXP[BO +3°B, x,}
Jj=1

and the conditional mean and variance of Y;, given X; is denoted

3)

by
~ exp(—u; ~ ~
E(yi | xi) =W = _M > Var(yi |Xi) - “’i(l -y exp(—M,-) 4)
_1 - exp(_u‘i)
Truncated regression model (3) contains p parameters given by

B=(Bs.h-B,.) ,which can be estimated using maximum likelihood
method.

Parameters Estimation
To estimate the parameters vector, ,we will apply maximum
likelihood technique. The log-likelihood Bnction for (TPR) model (3)

is given as B
L =Zh(p(y=yi’ui)) 5
= &)

= 40 ()1, —h ()b G- exp(-n, )}

The maximum likelihood estimate of is obtained by maximizing
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the log-likelihood function given in (5). The first order condition,

(6LL/6ﬂ')= 0,18 given by:

10=(ZE)- (£ 0~ 7)o ©
op y=

which is a system of P equations. This is non linear in and does
not have an analytical solution. The Statistical Analysis Soft Pare (SAS,
2000) can be used to carry out the method of Newton-Raphson iteration
method for solving the non linear system in equation (6). The estimated

values in the s® iteration are given by:

g = o - {l-["‘ f(p)}’H ﬁ'J(H) 7N

where H is the Hessian (p X p) symmetric matrix given by
N\ O°LL o [ ~
H= (azLL/ opop )= Y _ZD‘I(I —H exp(_ﬂl))xfx'] > (8)
apaﬂ i=1
The initial estimate of Bo = (ﬂO(U)’ﬂl(ﬂ)""’ﬂp-l(o))' can be taken as
the vector (¥,0,...,0)' , where ¥ is the overall average count. The iteration
can continue until the difference between successive parameter vectors,
B' is small enough to assume convergence (Greene, 2003, p.169).
The maximum likelihood estimate of B obtained from (7) is consistent
. . . A —1 )
with the asymptotic normality result J;[(p_p]~ N,(O , n(— E(H)) ‘) ]
(Bickel and Doksum, 2001 p.333).
To conduct tests of significance for coefficients, the variance-
covariance matrix can be obtained by evaluating the inverse of the

negative Hessian, (- EM))' = (-H)", at the maximum likelihood



Application of Truncated Poisson Count Data Model: Determinants of Fresh Fish Consumption in....... 27

estimatesﬁ ?_the inverse of the negative Hessian obtained in the last iteration
A 1 i : : . .
(— H|p=8,.) T provides an estimator of the asymptotic covariance matrix

for parameters estimates. We can test the hypothesis:
H,:B,=0 Against H :B,#0 9)

and the test statistics is given by

Z . Bfmle SB] mie

(10)

where 6 F e is the maximum likelihood estimate of ;»and Sp 7 mle

are the maximum likelihood standard errors. Under the null hypothesis,

H,:p ;i =0, the test statistics in (10) follows an asymptotic standard

normal distribution. Rejection of H|, means that the variable x; is an
important explanatory variable which affect the dependent variable.

For testing the overall significance of the (TPR) model, we can

apply the likelihood ratio for testing the hypothesis
HO:BIZBZ="'=BP—1:0 (1D

and the likelihood ratio test has the intuitive form:

LR=2(LL, -LL,) (12)

where iLU , f,LR are the computed log-likelihood functions for the
unrestricted and restricted models respectively. The test statistic, [ R, in
(12) follows a x* distribution with p —1degrees of freedom.

The (TPR) model produces no natural counterpart to R? in linear
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regression models, because the conditional mean,ﬁ,’ i zexp(x;ﬁ e )18
nonlinear and, also, because the regression model contains error term.
Many alternative measures have been suggested (Greene,2003,pp 741-

742). A measure based on the standardized residuals is:

Z[(J’t _zi)/'Jﬁi[l_ﬁi exp(_ﬁl))]z (13)
R?=1-42
Y [0, -8, F

i=1

where V and S, are sample meanand standard deviation respectively,
and [I, =i, /(1—exp(—},) is the maximum likelihood estimates of the
conditional mean I, , # . fi, =exp(x,..). The R? indicator in (13) has the
virtue that it compares the fit of the model with that provided by a model

with only a constant term.

The Empirical Model:

The model to be estimated in the present study relates the dependent
variable number of monthly fish consumption ) to the set of explanatory
variables: individual’s share in household’s monthly expenditure on fish
by RS (x, :x, =Monthly expendituren fish/ family sise) computed as
number of education years of family head (x, ), age of family head (x,),
residence location denoted buy dummy variable (x, = 1if residence location
in Riyadh City, x, =0 if residence location out Riyadh City), nationality
of family denoted buy dummy variable (¥; = 1if the nationality of family is
Saudi, x; = 0 ifthe nationality of family is not Saudi) , and the case of family
head about eating fish denoted buy dummy variable (x, = 1if family head
likes eating fish, x; = 0 if family head dislike eating fish).

The suggested (TPR) model is given by
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Y, _
P(Y, =y, |y, >0)= b~ expCih,) ,i=12,..100,

b, = Exp[ﬁo +is,.x,.)

and contains seven unknown coefficients, which are the elements of
the vector, .

ArandoB~ B = (Bo.B>----s) lected from Riyadh city, Saudi
Arabia, and a questionnaire was designed to collect data on dependent and
explanatory variables under study. Briefly, during direct interview, family
leader was asked about number of times that family consume fish throughout
the month, number of education years, age, residence location, nationality,

and preference of eating fish.

4. Results and discussion

Table (1) shows the means and standard deviations of the quantitative
variables: monthly frequency of fish consumption (»), individual’s share
in household’s monthly expenditure on fish (X;), number of education years
(x,) ,and age (x;).

Table (1): mean and standard deviation for quantitative variables

X, X, X, y measures
37.69 14.01 48.86 2.29 Mean
8.29 3.62 7.17 1.085 Std. Deviation

Table (2) displays the coefficients of simple linear correlation between
(¥) and each of the quantitative explanatory variables (x;,X,,x;). We

note that the correlation between the monthly frequency of fish consumption
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2 and cach of individual’s share in household’s monthly expenditure on
fish () , humber of education years of family head (x,) , and age of family

head (x,) is positive and significant at 5% significant level.

Table (2): Correlation coefficients between (V) and each of (X;,%,,%3)

X, X, X, Dependent variable
0.193 0.336 0.255 | Pearson Correlation ¥
0.0272 0.0003| 0.0052| P_value (one tail)

Table (3) shows the joint and marginal distribution for observations
on dependent variable (y) and qualitative explanatory variables, residence
location (x, = 0,1), nationality (¥; =0,1), and attitude toward eating fish
(x, =0,1) . We show that the number of times can family consume fish per
month,(y) great than zero, and the frequency distribution in sample is skewed
to the right (large values of y). The estimated proportion of families that can
consume fish in Riyadh City great than the estimated proportion of families
that can consume fish out Riyadh City. The estimated proportion of Saudi
families that can consume fish great than the estimated proportion of foreign
families that can consume fish. The estimated proportion head of family that
like eating fish great than the estimated proportion of family head that dislike
eating fish.
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AN

coefficients of the suggested model.. Likelihood coefficients estimates
ﬁm,e , standard errors SB,,, , computed Z , p values, and test statistics of

likelihood ratio are reported in table (4).

Table (4): Maximum Likelihood Estimates of TRP model.

variables B, SB,. Z p_value
constant -1.4521 0.5120 -2.8361 0.005
Month exp X, 0.0015 0.0015 0.9945 0.320
Educau'onyears_x2 0.0680 0.0302 2.2544 0.024
X, -0.0033 0.0134 -0.2466 0.805
age
Location _ X, 0.3724 0.1672 2.2268 0.026
Nationality X 0.4142 0.2434 1.7016 0.089
Eating fish X 0.7348 0.2964 2.4794 0.013
L, L, df R () | p_value|®
-144.799 -129.659 6 30.28 0.000 0.484

Table (4) shows that, at 5% significant level, the variables: education
years (x,) , has significant positive effect on the number of times a household
consuming fish per month. The residence location denoted by (x,) hasnegative
significant effect, and the average of times a household consuming fish per
month in Riyadh City is greater than the average of household consuming fish
outside Riyadh City. Also, household’s head attitude toward fish consumption
denoted by (x,) is significant predictor of the number of times a household
consuming fish per month, and its positive effect means that the average of
number of times a household consuming fish per month with family heads
like eating fish greater than the average of household consuming fish with

family heads dislike eating fish.



Application of Truncated Poisson Count Data Model: Determinants of Fresh Fish Consumption in...... 33

The effect of nationality denoted by (X;) is significant at 10% , and
its positive effect means that the average of number of times a household
consuming fish per month with Saudi families is greater than the average of
number of times a household consuming fish by foreign families.

While age (x,), and household’s monthly expenditure on fish denoted by
(x,) are insignificant.

By comparing computed chi-squared, (;(2 = 30,28) ,with critical value
at six degrees of freedom, and 0.05 significant level, (xfs,om) = 12.592).
We accept the hypothesis that model (14) is a good fit of the relation between
dependent and independent variables.

The estimate of probability that i family will consume fish throughout

the month given (¥;,%,,%;,X,,X;,%;) denoted by

B _ __iexpti)
PY,=y,1%>0) TR 12,...100,

15
1 = Exp(145+0.002x, +0.068%, ~ 0003y, +0.372x, +0.414x; +0.735%,) (1)

then the probability distribution of dependent variable Y is computed
at the average values of quantitative explanatory variables by using equation
(15) and presented in table (5). We note that the conditional mean of number
of times a household consuming fish per month, when means of quantitative
explanatory variables: individual’s share in houschold’s monthly expenditure
on fish, number of education years of family leader, and age of family head
are, 48.86, 14.01, and 37.69 respectively, increases with respect to Saudi

families in Riyadh City and like eating fish.
Table(5): probability distribution of dependent variable ) at the average values of
quantitative explanatory vatiables.
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Dummy variables
Conditional Number of times can family consume
denoted explanatory
qualitative variables d. mean fish through month (y)
1
x4 | x5 | x6 =t —| 2 3| 4| s
1-exp(-u,)
0 0 0 0.60 1.33 0.73 0.22 0.04 | 0.01 | 0.00
0 0 1 125 1.75 0.50 0.31 0.13 | 0.04 | 0.01
0 1 0 0.91 1.52 0.61 0.28 0.08 | 0.02 | 0.00
0 1 1 1.89 223 0.34 0.32 | 020 | 0.09 | 0.04
1 0 0 0.87 1.50 0.63 0.27 0.08 | 0.02 | 0.00
1 0 1 1.81 2.17 0.35 0.32 | 0.19 | 0.09 | 0.03
1 1 0 1.31 1.80 048 0.32 0.14 | 0.05 | 0.01
1 1 1 2.74 2.93 0.19 026 | 024 | 0.16 | 0.09

V. Conclusion and implications

The main objective of this paper is to analyzing the relation between the
number of times that family can be consume fish during month as a dependent
variable and a group of explanatory variables such as, share of the member in
family from monthly expenditure on fish, number of education years and age
for family head, age of family leader, the location in which family inhabit,
nationality of family, and about attitude head of family toward eating fish.

The Poisson regression (PR) model was used to analyze count data,
to describe the relation between a dependent variable which has Poisson
distribution and a group of explanatory variables.

In cases where the dependent variable cannot take zero values, we
may apply the zero-truncated Poisson distribution defined by a probability
function conditional on ¥ ~ 0.

Maximum likelihood method is applied to estimate the parameters of the
suggested model, using data of a random sample of family head selected from
Riyadh city only, Saudi Arabia.

The results show that, the share of family member in monthly
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expenditure on fish (x,) and education years (y, ) have a positive effect on
the mean of number of times that a family consumes fish in month, but the
effect of education years(x, ) is significant at 5% while that of expenditure
share is not. The effete of age variable x,, is negative and insignificant. The
coefficient of residence location X, is positive and significant, and shows
that: the residents of Riyadh city are more likely to consume fish more
frequently than families outside Riyadh city. The coefficient of nationality (
X ) indicates that Saudi families consume fish more frequently than their non-
Saudi counterparts. Results also indicate that families whose household leader
has a positive attitude toward fish are likely to consume fish more frequently
than others.

These rtesults could be useful for production and marketing

purposes.
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