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Abstract 
Estimates of participation or expenditure elasticities depend upon the assumptions made regarding the 
observation of zero expenditure at the household level. This research examines two single-hurdle 
models across two commodities for which nearly two-thirds of the observations are zero. The research 
shows that one hurdle model consistently outperforms the other, and does so for intuitively appealing 
reasons.  
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1. INTRODUCTION 

One underlying feature of microeconomic data sets is the plethora of zero responses. Observed zeroes 
in expenditure survey data occur for four primary reasons: (i) abstention, (ii) budgetary constraints, (Hi) 
infrequent purchase and (iv) under-reporting.2 Abstention, for example, will occur when the marginal 
utility per rand of a commodity is less than its price, while budget constraints may stop an individual 
from purchasing a commodity that does provide felicity at the margin. In other words, expenditure data 
could be generated by two hurdle processes. One hurdle determines whether or not a household will 
abstain, while the other hurdle determines the quantity a participating household will consume, which 
could be zero if budgetary constraints result in non-purchase. 
Double hurdle models have been applied in many areas of the literature: Moffatt (2005) considers credit 
scoring; while Blundell and Meghir (1986) and Blundell et al. (1987) consider labour supply decisions 
for males and females, respectively. Hurdle models applied to tobacco and alcohol consumption have 
an especially long history. Early applications include Deaton and Irish (1984), who considered alcohol, 
and Mullahy (1985), who considered tobacco. Further research examining alcohol and tobacco 
demand or expenditure through hurdle models includes, but is not limited to: Jones (1989, 
1992), Fry and Pashardes (1994), Garcia and Labeaga (1996), Labeaga (1999), Shonkwiler 
and Yen (1999), Su and Yen (2000), Yen (2005 a,b). 

 
 

1 The research contained in this document was funded in part by NRF Grant 2053446; however, 
the views expressed in this research document are not necessarily the views of the National 
Research Foundation. The authors would like to thank seminar participants at the University of 
Pretoria and the University of Kwazulu Natal for their helpful comments. All other errors, 
however, remain the responsibility of the authors. 
2 The research presented here does not consider the effect of infrequent purchase (where items are 
purchased only occasionally, e.g. cars) or under-reporting (where small values might be reported as 
zeroes rather than as small values, e.g. a single piece of candy). 



In applying double hurdle models, two broad concerns arise. The first concern is over the 
appropriateness of the assumption regarding the independence of the two hurdle processes. 
Although the independence assumption is, in principle, testable, the information requirements 
for suitable identification are non-negligible, which is reflected in the cigarette demand 
research literature.3 Due to the fact that dependent double hurdle models are simultaneous 
equation models, identification may require a suitable exclusion restriction, although non-
linearity can, in theory, be used for identification. Smith (2003), however, has shown that the 
identification of dependence is likely to be very weak without exclusion restrictions. Smith 
shows that a first-hurdle dominant population needs at least 50% zeroes to be well-suited to 
identifying the dependence based solely on model non-linearities. Smith (2003:591) further 
argues that it would be safer to ignore dependency to allow "the statistical information to 
reveal as much about the parameters as possible". For Smith's reasons, as well as the fact that 
the cross-sectional survey data used in this analysis does not offer any useful exclusion 
restrictions, dependent double hurdle models are not estimated for this paper. 

The second concern arises over the appropriateness of the second hurdle assumption. 
Essentially, the researcher is assuming that households in the survey who want to purchase a 
product fail to do so during the survey period.4 It is possible, however, to assume that those 
who want to participate do so, such that the second hurdle is cleared for all participants. This 
version of the model, which is characterized by first hurdle dominance, is often referred to as 
a single hurdle model and it is relevant in the case where the good is perishable. Due to the 
properties of the survey data used here, first hurdle dominance is likely to be relevant for 
household purchases of alcohol and tobacco in the past week.5 It is, however, possible that 
households purchase other alcoholic items, especially wine, for later consumption. Therefore, 
in what follows, we assume that household inventories are in steady-state, such that 
purchases are made for stock replacement purposes. 

Although not generally referred to as a single hurdle model, the censoring model proposed 
by Tobin (1958) is a special case; essentially, the dominant hurdle and behaviour, once the 
hurdle is cleared, follow a single data generating process (DGP). The first treatment allowing 
for potentially different DGPs was Cragg (1971), who extended Tobin's model in a number of 
ways. In this paper, we consider Cragg's independent single hurdle model, in which one DGP 
determines the dominant hurdle, while another DGP determines behaviour, once the hurdle 
has been cleared. Furthermore, Cragg's first hurdle dominance model closely resembles 
Tobin's model, such that the models can be easily compared. 

 
3 Research by Blaylock and Blisard (1992), Jones (1992) and Garcia and Labeaga (1996) could 
not identify separate hurdles, while later research by Yen (2005b) was able to identify separate 
hurdles. 
4 A durable good, from which flows are consumed, would be an example of such a product. 
5  Research by Miles (2000), using the Spanish Expenditure Survey, shows that 98-99% of all 
smokers will purchase cigarettes in a given week. 



The research presented in this paper examines household tobacco and alcohol expenditure shares in 
the context of single hurdle models, as developed by Cragg and Tobin. These models can be nested and 
compared via a likelihood ratio test; however, the models are, instead, compared via a test devised by 
Lin and Schmidt (1984). The results show that Cragg's more general hurdle model is statistically 
preferred, which implies that there are differences between participation elasticities and expenditure 
share elasticities. These differences are also explored in the paper. 

The remainder of the paper is organized as follows. The theoretical underpinnings and the empirical 
specification are discussed in section 2. The investigated data is discussed in section 3, and estimated 
results are available in section 4. Finally, concluding comments are provided in section 5. 

2. THE MODEL 

2.1 Introduction 
The unit of analysis presented in this research is the household. Each household may purchase any item 
from the broad spectrum of items available in their area. Actual household purchases will depend upon 
household circumstances, including household expenditure, composition and location. Furthermore, 
due to budget constraints, any decision to consume one product results in substitution; expenditure on 
at least one item must entail less expenditure on some other item. Therefore, expenditure estimates are 
often undertaken in system form, using household expenditure shares based upon Deaton and 
Muellbauer's (1980) Almost Ideal Demand System or, more recently, the Quadratic Almost Ideal 
Demand System developed by Banks et al. (1997). However, the focus of the analysis here is on 
alcohol and tobacco consumption, a few of the potential purchases made at the household level. Given 
the limited focus of the analysis, estimation of the entire system is not necessary and would, otherwise, 
obscure the desired estimates.6 

Although the analysis here does not focus on systemic estimates, the Working (1943) and Leser 
(1963) share equations are a useful basis for proceeding.7 Engel curves, based on household 
expenditure share behaviour, can be expressed by 

 
In the preceding equation, w represents the share of expenditure by household i on any alcoholic 
beverage or tobacco product, x represents total household expenditure,  represents other household 
characteristics, and V represents white noise error.8 

Econometrically although the assumed DGP is linear, the dependent variable may be censored. 
Even if the data is not actually censored (i.e. economics does not provide any intuition regarding the 
possibility of negative expenditure) a large number of households choose not to purchase any alcohol  

 
6 It is possible to allow for a composite commodity, which represents all other goods, but the mere 
size of the other goods component, representing well over 99% of household expenditures in most 
cases, does not lend itself to precise system estimation; see Koch (forthcoming) for further 
discussion on some of the problems within the system. 
7 Importantly, Deaton and Muellbauer (1980) developed the Almost Ideal Demand System, 
which yields the Working-Leser share equations under rather general assumptions. 
8 Further discussion of the household characteristics used in the analysis is presented in section 4. 



or tobacco item. In the case of alcoholic beverages, for example, only 29-2% of households purchase 
positive quantities, while 35-2% purchase tobacco products. 

2.2 The Empirical Analysis 
Tobin developed a model to examine censored data. The model is a combination of probit, used to 
demarcate participation and non-participation, and OLS, used to examine the behavioural attributes of the 
participants. The key feature of Tobin's model, often referred to as the tobit, is the fact that the population 
parameters underlying participation and behaviour are the same, a result of the censoring assumption. On 
the other hand, if the data is not truly censored and is, instead, correctly observed, then the population 
parameters for participation might differ from the population behavioural parameters.9 Formally, the 
analysis below will examine the prospect that population participation determinants differ from 
population behavioural determinants by comparing the tobit model to a less restrictive model developed 
by Cragg. Although Greene (2000) discusses a simple likelihood ratio test to compare these models, a 
Hausman-type test developed by Lin and Schmidt is actually used.10 

2.2.1 The Tobit The standard formulation of Tobin's model considers a household for which we observe 
the censored variable w defined below. 

 
The   latent   function,  where  characterizes   household 
participation, defined as the observation of positive purchases, and behaviour, defined as the household 
expenditure share mean given participation. The log-likelihood function for the tobit model is provided 
below; in terms of notation, represents the normal CDF. 

 
The tobit log-likelihood function verifies that the coefficients in the participation equation are assumed to 
be the same as the coefficients in the behavioural equation, which may not be an appropriate assumption. 

 
9 It might also be true that households select into certain types of purchases, such as those related 
to smoking or drinking; however, selection models (or dependent double hurdle models) would be 
identified only on the non-linearity of the model, and, therefore, selection issues are not considered 
in this analysis. 
10 Households in the same primary sampling units are likely to be similar and these correlations 
are not easily included in the likelihood function. A reviewer suggested that dummies be used to 
control for the cluster effects; unfortunately, there are approximately 10 households in each cluster, 
such that many clusters contain only smokers or non-smokers, and thus the probit models cannot 
be estimated for a large percentage of the clusters. Although dummies for each cluster are not used, 
the standard errors are corrected for data clustering. 



2.2.2 An Extension to the Tobit Consider a generalization of Tobin's model. In this model, 
first proposed by Cragg, the behavioural equation and the participation equation are allowed 
to have different coefficients. Furthermore, the behavioural equation, rather than being 
estimated via OLS, is estimated as a truncated regression, due to the fact that behaviour is 
only observed for participants.11 

Formally, define a participation dummy, as below. 

 
A probit model, where and , can 
be  created   using  the  previously  defined  dummy variable.  The  expected value  of 
the expenditure share, given participation, follows; importantly, it includes a sample 
truncation correction referred to as the inverse Mills ratio. 

 
The truncation correction accounts for the fact that only a portion of the distribution is 
observed, and, therefore, the mean is only calculated based upon what is observed.12 The 
preceding expected value is much like the expected value from a model that incorporates 
sample selection (Heckman, 1976); however, the sample selection model assumes that the 
probit and the truncated regression are correlated, which requires exclusion restrictions for 
identification. In this version of Cragg's model, see below, the probit and truncated 
regressions are assumed to be uncorrelated. 

The log-likelihood function for the version of Cragg's model subsumed by equation (5) and 
the discussion surrounding equation (4) is given in equation (6). 

 
The first portion (top line) is the log-likelihood for a probit, while the second portion (bottom 
line) is the log-likelihood for a truncated regression, with truncation at zero. Therefore, the 
log-likelihood from the Cragg model is the sum of the log-likelihood from a probit and a 
truncated regression,  More useful, however, is the fact that these two 
component pieces are entirely separable, such that the probit and truncated regression can be 
estimated separately13 

 
11     See footnote 8. 
12 For a more detailed discussion of the moments of a distribution in the face of truncation, refer 
to Greene (2000). 
13 The probit parameters are not included anywhere in the truncated regression, while the 
truncated regression parameters are not included anywhere in the probit regression. 



2.2.3 Empirical Tests A careful comparison of equations (3) and (6) provides a very simple 
test of the Tobit model relative to the Cragg model.14 Since the version of Cragg's model 
discussed here allows for population participation parameters to differ from the population 
behavioural parameters, that hypothesis can be tested. It is appropriate to test whether or not 
the restriction of equal parameterization is supported by the data, i.e.  . As with all 
empirical models, there are many ways to test the restrictions. A LaGrange multiplier test, 
such as was devised by Lin and Schmidt (1984) is one useful avenue; if the restriction is true, 
there is no need to estimate the additional models. The test statistic, though, does require the 
creation of additional data, and, therefore is not necessarily easy to implement. On the other 
hand, a likelihood ratio test, as discussed by Greene (2000) and is reviewed in Appendix B, 
is not difficult to implement, given current computing power. Unfortunately, the test requires 
exact likelihood values, which are not available when data is clustered.15 Similar to the LM 
test, it is possible to develop a conditional moment test, such as was envisioned by Pagan and 
Vella (1989) and discussed in Cameron and Trivedi (2005). However, such a test, when 
including multiple moments, can be interpreted as a test of functional form. Therefore, we 
employ a Hausman-type test, which can also be interpreted as a test of functional form. The 
test is easy to employ and is based on the assumption that one set of parameters is consistent 
and efficient under the null, while the other set of parameters are consistent, but inefficient 
under the null. Defining V as the variance of the estimators, the test statistic is the following. 

 

3. THE DATA 

The data used for the analysis was taken from the 2000 Income and Expenditure Survey 
(IES) of South Africa, data that is collected by Statistics South Africa primarily for the 
purpose of indexing prices via the CPI and CPI-X to measure inflation in South Africa. In 
2000, data from 104,153 people in 26,264 households was collected via the household head 
or another adult within the household. Other than for CPI and CPI-X, the data has been 
widely used to examine poverty and inequality in South Africa. For example, Hoogeveen 
and Ozler (2006) and Leibbrandt et al. (2005) use the 2000 IES and other data sets to 
examine income changes between 1995 and 2000. Summary statistics of the data used in the 
analysis are presented in Table l.16 

In addition to poverty and inequality analysis based on income and expenditure, the focus 
of the IES allows for the examination of categorical expenditure across households, and has 
been used to compare household alcohol and tobacco expenditure patterns from 1995 to 
2000.17 The analysis presented here, which seeks to analyse the empirical effects of observed 

 
14 The derivation, based on a statement in Greene (2000), is available from the authors upon 
request. 
15 True likelihood values can only be calculated from the correct likelihood function. When data 
is clustered, the data is assumed to be block-diagonally correlated. Inclusion of that assumption in 
the likelihood function is not obvious or easily estimated. 

16 In an effort to save space, no formal discussion of these statistics is included in the text. 
17 See, for example, Ground et al. (forthcoming) and Koch (2006). 



 

zeroes, also focuses on household tobacco and alcohol purchases, primarily due to the large 
number of reported zeroes in the data. 

One major concern in using the IES data is whether or not the data can be trusted. As 
pointed out by Hoogeveen and Ozler, the 2001 census, from which the 2000 IES sample is 
drawn, over-represents Africans and under-represents whites, while Simkins (2004) argues 
that property income in the 2000 IES is poorly measured, thus yielding understated measures 
of household income. On the other hand, Leibbrandt et al. (2005), show that the 1995 IES 
and 2000 IES are fairly consistent with each other, such that although there are likely to be 
some problems in the data, those problems are not extensive enough to make the 1995 and 
2000 data sets incomparable, although their argument can not be used to suggest that either 
data set on its own is correct, as it is possible that each of the surveys suffers from the same 
set of over or under-representation of households. 

For this research, there is a further data reporting concern. Due to the fact that only the 
household head or some other adult in the household completes the survey, it is likely that 
youth alcohol and tobacco expenditure is underreported, if it is reported at all. In an effort to 
consider the depth of underreporting, additional analysis using single-person households was 
also undertaken; due to the qualitative similarity of the results for single-person and multiple-
person households, those results are not reported here. 



4. THE RESULTS 

4.1 Tobit Models 
Selected results from Tobit models, using tobacco and alcohol expenditure shares are 
presented in the third and sixth columns of numbers in Table 2. The tobacco coefficients are 
located in column 3, while the alcohol estimates are in column 6. The results show that as 
total household expenditure increases, the average tobacco expenditure share falls, while the 
average alcohol expenditure rises. For both goods, the expenditure share increases for non-
African households, whose head is male, employed and older. Furthermore, older and larger 
households who rent their dwellings devote a larger proportion of their expenditure to tobacco 
and alcohol. On the other hand, the share of expenditure devoted to either alcohol or tobacco 
is smaller for households composed of relatively young children and women and are located 
in urban areas. 

4.2 Probit Participation Models 
In this subsection, results from the probit models of positive expenditure, where the binary 
outcome is either positive expenditure or zero expenditure, are discussed. The results, in the 
first column of numbers in Table 2, focus only on aggregate tobacco expenditure shares, 
while the fourth column of numbers in Table 2 provide information on alcohol expenditure 
shares.18 The results show that household composition is strongly related to the probability of 
purchasing either tobacco products or alcoholic beverages. Notably, larger non-African 
households headed by older men are more likely to purchase tobacco products, while urban 
households with children and a higher proportion of females are less likely to purchase 
tobacco products. In addition to composition, economic factors also affect participation. The 
results show that households whose head is employed, which receive welfare payments or 
rent their dwelling are more likely to participate in smoking-related purchases. On the other 
hand, higher household level expenditures are associated with less participation; since the 
results are presented as marginal effects, a 1% increase in total expenditure results in a 2.6% 
decrease in the probability of participation. Household participation in the consumption of 
alcohol is similarly related to household composition, although Asian households are less 
likely to purchase alcohol than any other racially composed household, while higher levels of 
total expenditure increase the probability of participation; for every 1% increase in total 
expenditure, the probability of purchasing an alcoholic beverage increases by about 5%. 

4.3 Truncated Regression Model Results 
The results from the truncated regression model are reported in columns 2 and 5 of Table 2.19 
One interesting feature of the results is the fact that few of the examined determinants 
significantly influence the household share of expenditure, given that the household has 
chosen to participate. The smaller number of significant determinants does imply that the 
tobit assumptions are inappropriate (see below), despite the fact that the qualitative 
implications of most of the coefficients are not generally different than those previously 
discussed. Four results, however, stand out as being different than the rest. 

 
18 Additional disaggregated results are available from the authors, upon request. 
19 Analyses were also considered for single-person households, due to the fact that single-person 
households are devoid of any problems associated with intrahousehold bargaining, which may 
affect the unitary nature of the household. However, the results were not qualitatively different, 
and, therefore, they are not included here. Interested readers can contact the authors for the results. 
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Caucasian households, households with larger total budget outlays and larger households, 
who purchase alcohol, expend a lesser share of their budgets on alcohol products, once 
accounting for participation. On the other hand, urban households, after controlling for 
participation, expend a larger proportion of their budgets on tobacco products. Each of these 
four results disagrees in sign with their values in both the probit and tobit estimates, 
suggesting the benefits to be derived from generalized hurdle models. 

4.4 Statistical Tests 
The results presented so far suggest that certain variables affect participation differently than 
behaviour, which is the reason this research considered the generalization of Tobin's model 
developed by Cragg. Intuitively, considering the case of alcohol and tobacco expenditure, the 
potential difference between one margin, participation, and another margin, behaviour given 
participation, should not be surprising. When it comes to the consumption of alcoholic 
beverages and tobacco products, it is very reasonable that once participation has been 
determined, expenditure could, for example, stay rather consistent, because individuals will 
smoke the same number of packs per day. If that were the case, a negative relationship 
between expenditure and the expenditure share would exist, while participation could be 
either negatively or positively related to expenditure. 

A formal statistical test of the Cragg generalization, based on an LM test developed by Lin 
and Schmidt, is used to formally test the results; however, given the differences in sign 
discussed above, the test results have already been informally confirmed. As the analysis has 
only focused on aggregate alcohol and tobacco expenditure, the LM test is only calculated 
and discussed for aggregated tobacco and alcohol expenditure shares. In the case of tobacco, 
the calculated test statistic leads to rejection of the null hypothesis that the Tobin restriction is 
valid.20 In the case of alcohol expenditure, the statistical result is the same; the Tobin 
restriction is rejected.21 Therefore, the model developed by Cragg, which allows for different 
estimates of the participation determinants relative to the behavioural effects of various 
determinants, given participation, is statistically preferred to the tobit model, which does not 
allow for any differences. In other words, participation and behavioural elasticities, as already 
shown, will be different. 

5. CONCLUSIONS, REMARKS AND EXTENSIONS 

The research presented in this paper has examined the expenditure behaviours of South 
African households, using data from the 2000 South African Income and Expenditure Survey. 
The analysis considered probit, tobit and a more general version of the tobit, which was 
developed by Cragg. The tobit is a restricted version of Cragg's model, and Hausman-type 
tests reject the tobit restrictions in favour of the more general version. The generalization 
treats participation determinants differently than behavioural determinants, given that 
participation has occurred. Participation is examined within the context of a probit model, 
while behaviour, given participation, is examined with truncated regression models. 

The results show that expenditure reduces the likelihood of participation in tobacco 
consumption, but raises the likelihood of positive alcohol consumption. Furthermore, 

 
20 For tobacco expenditure, the calculated value is 364.81, which is well beyond the critical value 
of 9.88 at the 0.005% level for 24 degrees of freedom (including the constant). 
21 For alcohol expenditure the calculated likelihood ratio is 442.50. 



positive household purchases of alcohol and tobacco products are more likely in White or 
Coloured households with an older male household head, who is employed. Higher 
household average ages, as measured by the average adult equivalence in the household, and 
receipt of welfare payments, raise both likelihoods. On the other hand, positive purchases of 
either tobacco or alcohol, is less likely for urban households, which have a higher proportion 
of female members and live in dwellings that they own. Given participation, the actual 
shares of expenditure devoted to tobacco or alcohol consumption are lower for larger and 
richer households and lower for households with a larger proportion of female members. 
Importantly, the share of the budget devoted to alcoholic beverages is lower for wealthier 
households, an effect not picked up with a tobit model, which assumes that participation and 
behaviour are governed by the exact same process. 

The analysis has shown that tobit models are not the preferred models for examining 
expenditure behaviour for households, when there are a large portion of zeroes among the 
dependent variable observations. Given the large number of people in South Africa who have 
limited spending power, and the number of analyses, in which a significant number of zeroes 
exist, this analysis suggests careful consideration of the treatment of participation relative to 
behaviour, once the participation hurdle has been crossed. For example, in examining returns 
to education, where nearly 40% of the population is unemployed, Cragg's model might be a 
useful model to consider. Although estimates of returns to education often attempt to control 
for sample selection, it is often the case that appropriate exclusion restrictions do not exist in 
the dataset. For that reason, the model analysed here, which does not depend upon exclusion 
restrictions, may provide very reasonable estimates of returns to education, once 
employment has been obtained. 

Although not discussed in this research, Cragg's model is also a restricted version of 
Heckman's sample selection model, and, therefore, it is possible to consider whether or not 
the sample selection model provides better estimates than non-selected model estimates. 
Future research will consider this line of thinking, especially as it relates to the types of 
expenditure shares, where selection might be more easily envisioned. For example, only 
households with members suffering from an illness are likely to expend resources on health 
care, such that selection can be controlled. 
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