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Abstract. The aim of this paper is to estimate the elasticities of labor demand of Saudi private firms with respect to major determinants. The study covers the period (1973-2002). As a result of the nature and limits of the data, where the available time series data for those firms are employing at least ten workers only, the truncated regression method has been used. Also, the ordinary least square method has been used for comparison.


To achieve this goal, the stationarity tests were applied on the time series, then two estimation methods which are ordinary least squares and maximum likelihood were employed and their results are compared. The empirical results strongly support the theory of labor demand and are consistent with prior expectations. The maximum likelihood method shows more efficient results than ordinary least squares. The empirical results indicate the labor demand by Saudi private firms is inelastic with respect to wage as well as to number of firms and almost unit elasticity with respect to non-oil gross domestic product.

Introduction

In recent years, great emphasis on the literature of econometrics was given to the limited dependent variables. A major contribution to the literature on limited dependent and qualitative variables was provided by Maddala [1], who presented different econometric methods for the analysis of single-equation and simultaneous equations models in which the dependent variables are qualitative, truncated or censored. He classified the models in which the dependent variables are either qualitative or limited in their range into three categories: (a) truncated regression models, (b) censored regression models, and (c) dummy endogenous variable models. These different models have many applications in economics [2, 3](
) in general and labor ecomomics in particular, which is considered the most common field for such applications.

The main objective of this paper is to present an application of the truncated regression model for labor demand in Saudi firms using data for employment in firms employing at least ten workers. The empirical results of two estimation methods; maximum likelihood (ML) and ordinary least squares (OLS) will be compared. Also, the estimated elasticities of the major determinants of labor will be analyzed.


The paper is set up as follows: section I gives some insights into Saudi Arabian labor market. The labor demand model and its theoretical underpinnings are laid out in section II. Section III provides a fairly detailed discussion of the econometric procedures and estimation techniques used for such limited range models. Section IV discusses and analyzes the data that will be used for estimation. Section V presents the empirical results. The paper concludes in section VI with a summary and assessment of the findings.

I.  Saudi Arabian Labor Market


The Saudi labor market has changed during the last decades with respect to quantity and quality as a result of changes in national economy and development requirements  [4]. 

The main characteristics of the Saudi labor market can be summerized as follows:

1)
There was a big jump in the total number of workers in the last decades, where the total number of workers was about 1.7 million in the mid 70 and is estimated now to be around 7 millions [5-8].

2)
The Saudi participation rate is about  32.8% of the total population in the work age [7, p. 177]. The main reasons of this low rate are the low participation rate of Saudi women and the majority of Saudi population are very young.

3)
The demand for labor  in Saudi Arabia has increased sharply since the beginning of the development plans in 1970. In the earlier stages, both public and private sectors demanded more labor. The demand for labor by public sector decreased in the early 1980 because the government completed most of its main projects especially the infrastructural ones. The private sector, meanwhile, continued to demand more labor because of the government policy of privatization and increasing the private sector participation in the economy. The sharp increase in the demand for labor in Saudi Arabia during the last decades caused increases in the demand for foreign labor. There were about a half million of guest workers in Saudi Arabia in the mid 70s [5, p. 35]. The number increased to about 4 millions in 1999, representing about 56% of the total workers [9, p. 289].

4)
Because of the growth of private sector in the economy, about 86% of the total workers are in the private sector [8, p. 175]. Also, most of the anticipated increase in the total will be in the private sector.

5)
The labor supply has been increasing as a result of increases in both population and graduated students. On the other hand, the private sector still depends on foreign workers. The Saudi development plans proposed Saudization in order to balance the Saudi labor market.

6)
Most of the Saudi private firms are small firms owned by individuals, since these do not require high capital and advanced technology to start with. The small private firms employ about 83% of the total employment in the private sector [10]. The average wage in Saudi private firms is very low because private firms depend on inexpensive and less trained guest workers who are paid low wages. There is also a lack of adequate information about the Saudi labor market concerning a lot of important variables such as the wages and number of workers especially in the small firms. This is the main reason to use the truncated regression model in this paper as explained in section III.

II.  The Labor Demand Model


The labor demand model is mainly like any other demand model. It treats the labor demand as the dependent variable and the major determinants of labor demand as independent variables. These determinants include the price of labor (wage), product demand, productivity of labor, the number of employers, and the prices of other inputs such as capital and raw materials [11-13]. Wages are expected to be negatively related to labor demand. This inverse relationship expected to exist between wages and firms demand for labor is reflected by the downward slope of the demand curve. Such labor demand curve represents the negative relationship between the quantity of labor demanded by firms in the labor market and the wage rate they have to pay, ceteris paribus. Regarding the other major determinants of labor demand, it is expected that products demand and labor productivity are both positively related to labor demand. A change in the demand for products that use labor, all else being equal, will shift labor demand curve in the same direction. Also, a change in productivity, measured as a change in the marginal product of labor, will shift the labor demand curve in the same direction, ceteris paribus. Another major determinant of labor demand is the number of firms or employers. A change in the number of firms employing labor will change the demand for labor in the same direction. Finally, prices of other production factors such as capital, land and raw materials are major determinants of labor demand. The expected sign of the other input variables in the labor demand equation is indeterminant depending on whether the two inputs are gross substitutes or gross complements. If  labor and the other production factor are gross substitutes, then the decline in the price of that factor will result in a decrease in the demand for labor. And, if they are gross complements, then the decline in the price of other production factor will result in an increase in labor demand.


Many empirical studies have been conducted to estimate labor demand curve in general, and to test the above negative relationship in particular. Hamermesh [14] presents the most comperhensive survey of labor demand studies. Among his main conclusions is that the findings of the studies included in the survey are consistent with the theory of labor demand in the sense that the demand curve for labor is downward slope. Moreover, he concluded that the elasticity of labor demand increases on average as the particular type of employment becomes more disaggregated.


The basic labor demand equation to be estimated in this study is the following:

Lt  =  f  (RWt   ,  GDPt   ,  NFt  )           



            (1)

Where
Lt     
=
labor demand in Saudi private firms, that is the number of the insured persons covered by the social insurance system in the firms of the private and government sector in time period (t).


GDPt
= real non-oil gross domestic product (GDP) in time period (t).


      RWt 
= average monthly wage of the insured persons in employment in Saudi frims in time period (t).



NFt
= number of Saudi firms in private sector in time period (t).


The above equation is usually estimated in the following log linear form:

LLt = (0 + (1 LRWt + (2 LGDPt + (3LNFt +Ut       


    (2)

where the added L denotes logarithm of the respective variables. The main advantage of using this logarithmic formulation is that it gives direct estimation of labor demand elasticities and it allows labor demand to react proportionally to the changes in the explanatory variables. The specification of the above labor demand equation is based on time-series data. Therefore, equation (2) represents a long-run relationship between labor demand and its major determinants.
III. Estimation Method


Considering the following regression model.
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       (3)       

Where



 Lt 
=
labor demand in time period (t).


Xt
=
A vector of K explanatory variables (gross domestic product, wage rate, number of firms, etc.) in time period (t).


(
=
A vector of unknown parameters.


Ut
=
The disturbances term which is assumed to be U~ N (0, (2  ).


The usual regression methods used in the literature to estimate this model require the dependent variable (Lt) to be observed or continuous. But, it is quite common for this condition to be violated as a result of the nature of the data. In such cases, using the traditional estimation techniques such as ordinary least square (OLS) will create some problems since the condition E(Ut) = 0  is not satisfied which leads to biased estimates. Therefore, taking into consideration the fact that the dependent variable (Lt) is observed in only some of the ranges that will give unbiased and consistent estimates [1, p. 1](
). In our case study, the data for labor demand is drawn for firms employing at least ten workers according to the definition of the Saudi General Organization for Social Insurance. Therefore, there is a threshold to the distribution of labor demand (Lt). Fig. 1 shows a lower truncated normal distribution where the letter (a) represents the lower threshold (a = 10). This implies that all observations employed in the study came from the shaded area only. This limited dependent variable, as mentioned earlier, is called a truncated regression model.


It is worthwhile to mention that the main difference between a truncated regression model and a censored regression model is that in the latter model the exogenous variables are observed even for the observation for which Lt ( a. In a truncated regression model, all observations of dependent and independent variables for which Lt ( a are completely eliminated from the sample [1, p. 5-6; 15, p. 233]. 






Now, considering the above truncated regression model where the labor distribution is truncated at the point (a) as a result of the data nature that Lt is only observed if  Lt  ( a, this condition implies that:
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where 
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 represent the density and the distribution functions of the standard normal respectively, and  
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 refers to the standard deviation. So, the conditional mean is a nonlinear function of  X  and  (. 

For simplicity, equation (4) can be rewritten as follows: 
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where      
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  =  the inverse Mills ratio. 

The model could be written as:
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(6)
If equation (6) is estimated by OLS where Lt is regressed on the vector of exogenous variables X, then we will have a downward-biased estimator because of the omitted non-linear variable [1, 16]. The consistent estimation method for such a model is the maximum likelihood which is given by:
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IV.  Data

The data used in this study were obtained from different sources and covered 30 years period (1973-2002). The employment (L), number of firms (NF) and average real wages (RW) data were obtained from various issues of annual statistical report (1974-2002) published by the General Organization for Social Insurance [14]. The non-oil gross domestic product (GDP) data at constant prices is obtained from the 38th annual report of Saudi Arabian Monetary Agency (SAMA) [18] and from the International Financial Statistics (IFS) [19]. 

The descriptive statistics of major variables are displayed in Table 1; it shows that the minimum number of insured persons in private firms during the study period is about 93,334 persons, whereas the maximum is 1,847,562 persons. The mean is about 889.8 thousand.

Table 2 represents the simple correlation matrix coefficient for the logarithm of dependent and independent variables in the model. The correlation between two variables ranges from 0.62 to 0.987. The highest of those correlations between number of firms and non-oil gross domestic product and employment which are expected, because as the number of firms increase the non-oil gross domestic product rises and employment level as well.

Table 1. Descriptive statistics

	Variable
	Mean
	Std. Dev.
	Minimum
	Maximum

	L
	889753.2
	459701.4
	93334
	1847562

	RW
	777.29
	114.04
	517.36
	929.37

	NF
	12829.17
	9009.78
	592
	34732

	GDP
	33672.97
	9993.46
	11183
	44971


Table 2. Simple correlation coefficients matrix

	Variable
	LL
	LRW
	LNF
	LGDP

	LL
	1.000
	
	
	

	LRW
	0.616
	1.000
	
	

	LNF
	0.987
	0.617
	1.000
	

	LGDP
	0.984
	0.666
	0.987
	1.000


Table 3. ADF Test
	Variables
	Orignal data
	In log forms

	L
	-0.488
	-2.763

	NF
	1.611
	-4.085

	RW
	-2.388
	-3.378

	GDP
	-3.411
	-4.757

	%5 Critical Values
	-2.971

	%10 Critical Values
	-2.624


Note: Akaike criterial has been used to choose the right wages, [20].


Table 3 represents the Augmented Dickey-Fuller (ADF) test to check the stationarity of the main series based on the regression of the following equation for series Yt [21-23]:
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Table 3 shows that all series are non-stationary at both 5% and 10% significant levels and that is obvious from Fig. 1. In addition, Table 3 represents the ADF test for the same series in the logarithm form, and as known in the econometrics literature transferring the series into its logarithm, square roots, as well as the difference will help to convert the series into stationary one especially in the case of non-constant variance over time as in our case (see Fig. 1) [24]. Table 3 shows that all series are stationary at least at 10% significant level, which implies that the spurious regression issue is not a major problem in this paper. The improvement is shown in Fig. 3 comparing with Fig. 2.


Finally, the LL series is non-stationary at 5% level, and an alternative method of modelling non-stationarity, beside differencing, is to express the series as a deterministic function of time. This yields the class of trend stationary [25, 26]. As a result, the time trend (T) is included as an independent variable in the model.
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Fig. 2.
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Fig. 3.

V.  Empirical Results


The model employed in this study is a one-equation model consisting of five variables. The empirical results of estimated coefficients of the model follow the expected sign and have the proper economic meaning in accordance to the labor demand theory. All the estimates of ML method are with expected signs and significant at %5 level except the constant coefficient while the estimates of OLS method are with expected signs and mostly significant at 10% level except the non-oil gross domestic product coefficient. As expected, the ML estimates dominate the OLS estimates. Those estimates are more significant and with lower standard errors.


The elasticity of labor demand with respect to wage is (-0.808). This implies that the desired level of employment and wage rate are inversely related and labor demand by Saudi private firms is inelastic. The inelastic demand of labor with respect to wage means that any change in the wage in the Saudi labor market will not cause a bigger change in the employment, which is appropriate to apply minimum wage policy in Saudi private labor market. On the other hand, the labor demand elasticities with respect to the non-oil gross domestic product and the number of firms are (0.976 and 0.83), respectively. These results are consistent with the theory and suggest positive effects of these factors on labor and indicate the big effect of GDP on employment in these firms. The coefficient of time is significant and shows negative effect. The non-oil gross domestic product elasticity has the highest estimate among the other estimated elasticities, implying that the employment in Saudi firms responds to non-oil gross domestic product more than any other factor included in the study. One explanation of this result is that most of Saudi non-oil GDP are consumer goods which are labor-intensive goods, so any increase in the production of these goods means increase in the labor demand since the demand for labor is derived demand. This result is consistent with Hamermesh's survey that the demand curves in the economy are inelastic. Also, the wage elasticity estimate came out to be in the range of other studies. For example, Hamermesh calculated an estimate of -0.3 for the elasticity of demand for the economy in the United States and concluded that this estimate would increase on average as the particular type of employment becomes narrower or disaggregated, where it could pass unity for some specific demographic groups [14]. The wage elasticity for all the Saudi firms which include private and government firms estimated about 0.72 [27]. There are other important factors that would affect labor demand such as prices of other production factors, especially the price of capital which is discussed in section II. However, the lack of such variables data was a major obstacle to include them in the model.


Finally, it is worth mentioning that the overall results of this study are consistent with other previous empirical studies, which suggested that the OLS method produces biased estimates toward zero [28]. Table 4 shows that the maximum likelihood (ML) estimates are greater than the one by ordinary least squares (OLS)
 in absolute values. Also, the ML estimates are more efficient which are shown by smaller standard errors of the coefficients, with the exception of the constant term which is not significant in any way. The above results will differ when estimating the labor demand elasticities by economic sectors and the results would be helpful for decision makers since the labor demand is affected differently to the other variables in each sector.

Table 4. Least square and maximum likelihood estimation of Saudi private firms labor demand

	Variable
	Least squares (OLS)
	Maximum likelihood (ML)

	
	Coefficient
	St.Error
	T-ratio
	Coefficient
	St.Error
	T-ratio

	constant
	3.648
	2.307
	1.581
	1.771
	1.891
	0.937

	LRW
	-0.389
	0.198
	-1.962
	-0.808
	0.198
	-4.088

	LGDP
	0.552
	0.385
	1.432
	0.976
	0.326
	2.990

	LNF
	0.783
	0.151
	5.174
	0.830
	0.119
	6.945

	T
	0.026
	0.006
	-4.213
	-0.039
	0.006
	-6.358

	σ
	-
	-
	-
	0.075
	0.010
	7.72


VI.  Summary and Conclusion


The paper presented an application of the truncated regression models for labor demand in Saudi private firms. In this study, a demand equation for labor in Saudi private firms has been estimated using the available time series data for the period 1973-2002. Two estimation methods (ordinary least squares and maximum likelihood) were employed and their results are compared. As a result of the data nature and limits, the maximum likelihood method showed more efficient results than OLS. The estimates were more significant and with lower standard errors. The empirical results strongly support the theory of labor demand and are consistent with prior expectations. The empirical results indicate that the labor demand by Saudi private firms is inelastic with respect to wage (-0.808) as well as to the number of firms (0.83), and almost unit elasticity with respect to non-oil gross domestic product (0.98).


The study could be expanded in different ways such as considering longer time period whenever appropriate data becomes available and considering a specific characterization of the endogenous variable, such as characterizing labor demand by sectors and/or industries, and including other variables.
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تقدير دالة الطلب من العمل في المنشآت الاقتصادية السعودية الخاصة:

نموذج انحدار قطعي

حمد الغنام

قسم الإقتصاد، كلية العلوم الإدارية، 

جامعة الملك سعود، الرياض
(قدم للنشر في 30/4/1424هـ ؛ قبل للنشر في 30/1/1425هـ)

ملخص البحث. يستهدف هذا البحث تقدير مرونات الطلب على العمل بالنسبة لأهم محدداته في المنشآت الاقتصادية السعودية الخاصة وذلك خلال الفترة )1973م-2002م(، ونظراً لطبيعة البيانات المستخدمة في الدراسة حيث تتوافر البيانات فقط للمنشآت التي توظف عشرة عمال فأكثر فقد تم تطبيق طريقة قياسية أكثر كفاءة من الطرق التقليدية المعروفة، حيث تم استخدام نموذج الانحدار القطعي لكي يتسنى تعميم النتائج على جميع المنشآت الخاصة السعودية ومقارنته بنتائج المربعات الصغرى الاعتيادية.

ولتحقيق هذا الهدف فقد تم إجراء اختبارات السكون على السلاسل الزمنية المستخدمة ومن ثم تم تطبيق طريقتي المربعات الصغرى الاعتيادية وطريقة الإمكانات العظمى في تقدير دالة الطلب من العمل في المنشآت الاقتصادية السعودية الخاصة. وقد أكدت النتائج الإحصائية تفوق مقدرات نمـوذج الانحـدار القطعي على مقدرات المربعات الصغرى الاعتيادية من ناحية الكفاءة، كما كانت جميع النتائج القياسية متوافقة مع فروض النظرية الاقتصادية في الطلب من العمل. وقد أظهرت النتائج القياسية أن مرونة الطلب من العمل في المنشآت الاقتصادية السعودية الخاصة غير مرن بالنسبة للأجور وعدد المنشآت وقريب من أحادي المرونة بالنسبة للناتج المحلي غير النفطي.
a = 10





Fig. 1. Truncated normal distribution.
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(�) 	The first application in economics of the limited dependent variable models was given by Tobin in 1958. He applied it to model household expenditure on automobiles, for more details see Tobin (1958) [2] and Ramanathan (1998) [3, pp. 610-613].


(�) 	This is known in the literature as limited dependent variable (some examples are given in Maddala [1, p. 1]).
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