
 1

WILLINGNESS TO PAY AND LEAKS IN THE BUCKET: 

MEASURING THE DEADWEIGHT LOSS IN  

A PUBLIC HOUSING PROJECT 

 
(Preliminary Draft) 

 

 

Yuval Arbel*# 

Avichai Snir** 

 

 

January 2008 

 

 

Abstract 
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housing services.  
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A. Introduction 
Providing entitlements is one of the mechanisms that governments use in order 

to enhance social welfare (Schwab, 1985, Pollak (1988), Blackorby and Donaldson 

(1988), Bruce and Waldman, 1991, Hillman, 2003). Since most entitlements programs 

are managed by public bureaucracies, the costs of providing them usually exceed their 

benefits. The Differences between the costs and the benefits are known as deadweight 

losses or as leaks in the buckets (Okun, 1975, Amiel et. al. 1999) and they are an 

important constraint on the willingness of voters to finance them. In most cases, 

however, the leaks remain unmeasured because it is difficult to observe benefits when 

the goods are not traded in competitive markets.  

One important type of entitlement is public housing programs, whereby 

governments provide subsidized housing services to target populations. The US 

government, for example, spent over US$27 billion on providing housing services in 

1997, whereas the French government spent over €2.2 billion on housing subsidies in 

1995 (Le Blanc and Laferrére, 2001, Olsen, 2003). These are by no account small 

figures. In most European countries such programs provide housing to between 4% 

and 37% of the population (Knesset Research Center, 2001).1  

In this study we use information on an initiative made by the Israeli 

government to sell apartments in public housing to their tenants in order to estimate 

the tenants' reservation prices. We use the results to estimate the leak in the bucket as 

the difference between the cost of providing the housing services and the reservation 

prices. Thus, we estimate the benefits and the leak in the bucket in almost the same 

way as if the entitlements were traded in a competitive market.  

Our database includes over 45,000 observations on the socio-economic status 

of tenants in public housing programs and on their apartments' physical status. Each 

of these tenants was given the opportunity to purchase their apartments at a specific 

price. We use observations on the decisions of different tenants to estimate a lower 

                                                 
1  For many years public housing programs had suffered from bad image by the public (see, for 
example Aaron, 1972, Bruce and Waldman, 1991). Consequently, since 1995 the US government 
modified its welfare policy toward direct cash grants. Recent evidence, however, does not support the 
hypothesis that public housing programs are less efficient than other welfare programs, especially 
because several negative side effects and potential problems have been discovered in the US voucher 
programs  (see, for example, Currie and Yelowitz, 2000 and Jacob, 2003, Crew and Olsen, 2001, Susin, 
2002, DiPasquale et. Al,. 2003, Olsen 2003 and Le Blanc and Laferrére (2001, 2004).    
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bound on their reservation prices and an upper bound on the leak in the bucket of the 

housing program.  

We find that the estimated reservation price is at minimum 30 – 35% of the 

costs of providing the housing services. Thus, the implicit leak in the bucket is in the 

region of 65 – 70% of the costs. These figures are higher than those reported in 

previous studies on public housing programs (see Olsen, 2003 for a survey) and this 

probably reflects the fact that our measure depends on fewer assumptions on the state 

of the market for rents and on the efficiency of the public sector. Indeed, most of the 

previous studies on public housings use observations that do not contain information 

on the physical state of the apartments and are thus likely to overestimate the benefits 

(see, for example, Barton and Olsen, 1983, Clemmer, 1984, Schwab, 1985, Reeder, 

1985, Le Blanc and Laferrére, 2001). O'Sullivan (1996), for example, argues, based 

on the empirical evidence, that the efficiency gap between the private and public 

sectors is at least 30% (National Housing Review, 1974, Gyourku and Linneman, 

1990). He shows that when a 3o% efficiency gap is assumed in the calculations, the 

mean leak in the bucket found in previous studies increases from an average of 25% 

to at least 55%. Thus, our findings corroborate his hypotheses. 

The rest of this paper is organized as follows: Since our dataset comes from 

Israel, we briefly describe the Israeli public housing programs in section B. In section 

C, we introduce the analytical framework. In section D we describe the dataset and in 

section E we estimate the benefits and costs of the public housing program. Section F 

concludes.  

 

B. Public housing in Israel 
Most Israeli households prefer to own their apartments. According to the 

Israeli Central Bureau of Statistics (CBS), over 70% of Israeli households owned their 

apartment in 2003.2 At the same time, the market for rents is relatively small and the 

prices are relatively high. As a consequence, many low-income households find it 

                                                 
2 This figure is similar to the one existing in the United States, where over 66% of the population owns 

an apartment. See: 

http://www.census.gov/compendia/statab/construction_housing/homeownership_and_housing_costs/ 

http://www.cbs.gov.il/publications/expenditure_survey03/pdf/t14.pdfhttp://www.cbs.gov.il/publication

s/expenditure_survey03/pdf/t14.pdf. 
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difficult to rent a housing unit without assistance. The government assists many of 

those households by offering them to rent an apartment in public-housing programs at 

subsidized prices (Bar Dadon, 2000).3 In 2001, almost 100,000 households (about 6% 

of the Israeli population), lived in public housing programs.  

However, since the early 2000s the Israeli government minimizes its 

expenditures on public-housing programs.4 In the process of doing so, it increases the 

rents that many of the tenants pay.5 At the same time, it also offers the tenants to buy 

their apartments at discounted prices. In order to allow the tenants to purchase their 

apartments, the discount rates are higher for tenants with low income and for tenants 

that live long periods in public housing programs. It is important to note that despite 

the large discounts, most of the tenants in the public-housing programs do not buy 

their apartments, even though the offer is limited in time.6 This is partly because many 

of the tenants are financially constrained, but it also seems to imply that many of the 

tenants, especially those with a higher socio-economic status, have a relatively low 

reservation price for their apartments. Possible reasons for the low reservation prices 

are the neighborhood effect (Levitt and Venkatesh, 2001, Rauum et. al., 2006) and the 

physical condition of the apartments.  

 

C. Analytical Framework 
 Our observations are on the decisions reached by over 45,000 households of 

tenants in Israeli public housing programs. Each household was given the opportunity 

                                                 
3 For more on the criteria for receiving apartments in public housing programs see the Israeli Ministry 

of  Construction and Housing site at: 

http://www.moch.gov.il/Moch/HousingSupport/default 
4 In fact, privatization of public housing in Israel begun in the early 1990’s. Since then Israeli public-

housing tenants are required to pay property taxes and housing council fees. They are also required to 

participate in maintenance costs (Werczberger and Reshef, 1993).    
5  In 2005, about 66% of the tenants paid no more than NIS 100 - 150 (US$23 - $34) a month, which is 

less than 10-15% of the prices of similar, unsubsidized apartments. According to the government's 

plan, by 2012 most of the tenants should pay at least NIS 450 - 500 (US$100 - $112) a month (Knesset 

Research center, 2006).  
6  The original plan was to offer apartments to their tenants until December 2006. Because of political 

pressures, the discounts program was extended (with minor modifications) until December 2007. The 

fact that the offer is bounded in time makes it less likely that the tenants expect to receive better offers 

in the near future.  
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to buy its apartment at a discounted price. The offer was bounded in time, and thus the 

tenants could not expect to receive a better offer in the nearby future. 

 While making its decision, each household knew the discount that it receives. 

It also knew the pre-discount price of its apartment, which is decided by according to 

the apartments' books' value and the opinions of real-estate appraisers.  

 We assume that tenants belong to one of two groups: The first group includes 

those who are financially constrained and can not buy their apartments. The second 

group includes the tenants who have the financial ability to buy their apartments. We 

show in section D that this division is justified by the data. Supporting evidence also 

comes from the official classifications of the tenants. According to the Knesset 

Research Center (2006), about 67% of the tenants have an extremely low socio-

economic status. Such tenants pay a monthly rent of NIS 35-150 (US$7.8 – 30.6) 

which is between 3-13% of the prices that they would have to pay for similar 

unsubsidized apartments.7 Nevertheless, many of them fail to pay on time. 

To formalize a model for predicting the decisions that different households 

make, we begin by assuming that the reservation price of household i  is given by: 

 

i i i iU U( X ,H ) ε= +         (1) 

 

Where iU  is the reservation price,  iX  the household's attributes, iH  the attributes of 

the apartment and iε  an i.i.d. Gaussian white noise error that represents the 

unpredicted element in households' benefits from housing services.  

Under the assumption that iU  is additive, equation (1) becomes: 

 

iiii HXU εγβ ++= ''         (2) 

 

                                                 
7 For the relevant period, the average exchange rate between the NIS and the $US was roughly 

US$1=NIS 4.49. We use this exchange rate throughout the paper. See:  

http://www.bankisrael.gov.il/deptdata/mth/average/avergh.htm 
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If household i  is financially unconstrained, it purchases its apartment if the 

apartment's post-discount price, ip ,  is below the household's reservation price8:  

 

ipiiHiXiU ≥++= εγβ '' .       (3) 

 

Thus, for financially unconstrained households that buy their apartments, ii Up ≤ .  

However, since the tenants are not given a choice between different combinations of 

prices and housing units, we can not assume that this inequality holds with strict 

equality.9 Thus, estimating equation (3) for households that purchased their 

apartments can only yield a lower bound on the reservation prices. At the same time, 

tenants that did not purchase their apartments belong to one of two categories. The 

first category includes those who have the financial means to buy their apartments but 

chose not to do so because their reservation price is lower than the post-discount 

price. Those observations are censored, because for such households we can not 

observe the difference between the prices and their reservation prices,  (Greene, 2003, 

p. 761). The second category includes the tenants who did not purchase their 

apartments because they are financially constrained. Such households may forego the 

opportunity to purchase their apartment even if their reservation prices are higher their 

apartments' prices. 10  

To differentiate between those two groups, we assume that there is a cutoff 

socio-economic status, S , that is the minimum required in order to allow a household 

to purchase its apartment. Under this assumption, households that have a socio-

economic status, iS , higher than S  buy their apartments if ii Up ≤ , whereas 

households with SSi <   never buy.  

                                                 
8 Below we control for the possibility that some elements in H, X and p may be determined 

simultaneously.  However, the simultaneity issue is mitigated by the fact that the prices of apartments 

depend on their (historic) books' values. 
9  A standard assumption in the literature is that the housing market is competitive and in equilibrium. 

See for example, Olsen (1972), Polinsky and Ellwood (1979), Fallis et al. (1985), Caudill et al. (1989) 

and Arnott (1995). 
10 Financial constraints are often an important factor in tenure-choice decisions. See for example: 

Haurin et. al. (1997), Painter et. al. (2001), Goodman (2003) and Barakova et. al. (2003). 
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We assume further that for each household i , the socio-economic status is a 

function of its attributes iY  and a white noise error component iυ . Household i  is 

therefore able to purchase its apartment if: 

   

SYS iii ≥+= υµ'                    (4) 

 

Since we do not have direct observations on S , we have to estimate it. We therefore 

use the sample selection model which gives that a lower bound on the reservation 

price of household i  is given by:11 

 

iiii HX ναλβγβ ελ +++ )(''              (5) 

 

where: 
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iν  is the error component, )(⋅φ is the standard normal pdf and ( )⋅Φ  is the standard 

normal cdf. 

 In section E we estimate the parameters of equation (5) by Full Maximum 

Likelihood. We then use the results to estimate a lower bound on the tenants' 

reservation prices and on the total leak in the bucket of the public housing program.  

 

D. Data Description and Attributes of Apartments and Tenants 
 The dataset consists of 46,882 observations collected in.2005 – 2006. Each 

observation contains information on the attributes of one household of tenants and on 

the attributes of its apartment. 1,374 households in the sample chose to purchase their 

apartments at the discounted prices.  

                                                 
11  See Greene (2003), pp. 780 – 787. 
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 Except for observations with missing values, the following information is 

available for each household:12 the number of years that the household lives in public 

housing (SENIORITY), its monthly income in NIS (INCOME), whether the household 

immigrated recently to Israel (IMMIGRANTS), the year of birth of the head of the 

household (BIRTH), the number of persons in the household (HOUSEHOLD), the 

number of dependent children (CHILDREN) and a dummy variable that receives 1 if 

the household possess a car (VEHICLE).  

For every apartment in the dataset, except for those with missing values, we 

have the following information: The age of the building in which it is located 

(YEARS), the number of stories in the building (STORIES), the number of apartments 

in the building (APARTMENTS), the story in which the apartment is located (STORY), 

the number of rooms in the apartment (ROOMS), the area of the apartment in square 

meters (AREA) and the city in which it is located.  

We use the location information to construct a series of dummies that control 

for whether an apartment is in the north or center of Israel (NORTH and CENTER, 

where the base category is the south of Israel), and whether it is located in one of the 

main cities, Tel-Aviv or Jerusalem (TEL-AVIV and JERUSALEM). We also define a 

dummy variable, CITIES, that receives 1 if an apartment is located in a city that had a 

population greater than 120,000 in the census of 1996.  

A unique feature of our dataset is the detailed information it contains on the 

physical status of the apartments. According to the Israeli Public-Housing Act, tenants 

are forbidden to make any changes or repairs in their apartments. When such repairs 

are required, the tenants must file a complaint, and the housing authorities are 

required to check whether the complaint is justified. If indeed the complaint is found 

to be justified, the problem must be fixed within a specified period.13 The housing 

authorities also perform routine checks in a subset of the apartments every year.  

The dataset thus contains information on 11,509 visits performed by housing 

authorities' representatives in 2005 or 2006. For each of the apartments that were 

                                                 
12  Observations on income are missing for about 20,000 households. 
13 According to the Israeli Public-Housing Act, the housing authorities must attend to the problem 

within 30 days. If the complaint is justified, the repairs must begin within 60 days. In most cases, the 

tenants have to pay only a small part of the total cost of the repairs. For that reason, the housing 

authorities often try to avoid the performance of non-urgent repairs. For more on the rights of tenants 

under the Israeli Public-Housing Act, see: http://www.moch.gov.il/Moch/HousingSupport/default.htm.  
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visited, the dataset provides information on the state of the doors, toilettes, kitchen, 

floor and plaster. We used this information to define 4 dummy variables for each 

item. For example, DOORS1 receives 1 if the doors require an urgent repair, DOOR2 

equals 1 if a non-urgent repair is required, DOOR3 receives 1 if there is a minor flaw 

in the doors and DOOR4 equals 1 if the doors were checked and found to be in a fine 

condition. The base category stands for apartment that were not checked (i.e. their 

tenants did not find file complaints).  

In addition, for every apartment sold to its tenants, the dataset contains the 

details of the transaction, including the price paid by the tenant in NIS (SUM) and the 

discount that was given to the tenant in NIS (DISCOUNT). Using this information we 

calculate the discount rate as:  

 

SUMDISCOUNT
DISCOUNTRATES

+
×= 100  

  

The mean sum paid by tenants who purchased their apartment is: NIS 86,622 

(US$19,290) and the standard deviation is NIS 73,179 (US$16,298). It also seems that 

most of the variation comes from differences in the pre-discount prices of different 

apartments, and not from differences in the discount rate, as the average of RATES is 

69.65% with a standard deviation of 19.2. Because the discount rates are determined 

on the basis of households' attributes, their relative small variation is an indication 

that most of the buyers come from a similar background. 

This finding is compatible with the argument made in section C, i.e., 

households that purchase their apartments have a relatively high socio-economic 

status. To test this hypothesis further, we compare the average attributes of 

households that purchased their apartments with the attributes of the rest of the 

tenants. Table 1 summarizes the results for the attributes of the tenants and Table 2 

gives the averages values of the attributes of their apartments. 

 

*** TABLE 1 ABOUT HERE *** 

 

*** TABLE 2 ABOUT HERE *** 
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In Table 1, it can be seen that households who bought their apartments have, 

on average, a monthly income that is 20% higher than the income of households that 

did not buy their apartments. Households that purchased their apartments also seem to 

have more adults in working ages (3.06 compared with 2.7). Among those who did 

not purchase their apartments there is also a higher share of new-immigrants (28% of 

those who purchased their apartments are new immigrants, as compared with 33% of 

those who did not). These findings seem to support the hypothesis that tenants who 

purchase their apartments tend to have a higher socio-economic status than the rest of 

the tenants.  In addition, apartments that were bought tend to be larger (3.25 rooms, as 

compared with 2.9 rooms in apartments that were not purchased). Because larger 

apartments are usually more expensive, this is another indication that buyers of 

apartments have fewer financial constraints.  

However, when we compare the locations of apartments that were bought with 

the locations of the rest of the apartments, it seems that apartments in the periphery 

are more likely to be purchased. For instance, 9% of the households that did not 

purchase their apartment live in Tel-Aviv and 22% of them live in the Center of 

Israel. At the same time, only 6% of those who purchased their apartments live in Tel 

Aviv, and the equivalent figure for those who live in the center is 13%. One possible 

explanation is that apartments in central regions are more expensive. Another 

possibility is that tenants who live in cities have greater hopes to relocate in better 

neighborhoods.  

 

E. Estimation of Tenants' benefits and the Leak in the Bucket 
Before estimating equation (5), it is necessary to control for possible 

simultaneity between the financial status of the tenants and the physical status of the 

dwelling unit. Simultaneity may be an issue in this context because apartments that 

are in a better physical order may be more appealing to their tenants. In addition, 

apartments in good physical conditions may have higher value in the market, and this 

may affect the tenants' economic status. There is also the possibility that tenants may 

seek to buy their apartments in order to renovate them without asking for the 

permission of the housing authorities. Those problems are somewhat mitigated by the 

fact that the prices offered to the tenants is partially determined by the apartments' 
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books' value and is thus independent of the apartments' physical condition.14 In 

addition, it is unlikely that most tenants would be able to make significant renovations 

even after purchasing their apartments, because significant renovations require the 

permission of the house-committee which is controlled by the public-housing 

authorities as long as less than half of the tenants in a building purchase their 

apartment. 

As a first test in controlling for such simultaneity, we estimated a series of 

LPM regressions where the explained variables are the physical status dummies and 

the explanatory variable is an indicator variable that receives 1 if the apartment was 

purchased and 0 otherwise.15 We could not find any significant statistical differences 

between the two groups, except for complaints that were rejected by the housing 

authorities.16 Thus, it seems that the physical states of apartments in public housing 

projects tend to be relatively uniform, and there are no large differences between 

apartments that were purchased and the rest of the apartments.  

More formally, we also performed the Wu-Hausman test (Greene, 2003, pp. 

413–415).17 The results indicate that some of the physical status variables were 

weakly correlated with the tenant's financial status or insignificant, and we removed 

them before estimating regression (5) by a full information maximum likelihood. The 

dependent variable in the regression is the log of the post-discount price paid by the 

tenants (LSUM), and the independent variables that we used to explain the reservation 

price are: SENIORITY, IMMIGRANTS, BIRTH, HOUSEHOLD, CITIES, NORTH, 

CENTER, TEL-AVIV, JERUSALEM, STORIES, APARTMENTS, STORY, ROOM, 

                                                 
14  To test this, we estimated a regression with the undiscounted price as the explained variable and the 

apartments' location, attributes and physical status as the explanatory variables. We could not reject the 

null hypothesis that all the physical status variables equal zero at 5% level of significance (F=1.51, 

p>0.067) 
15  For each of the 20 dummy variables (four dummies for each of: DOORS, TOILETTES, KITCHEN, 

FLOOR and PLASTER) we ran a regression of the form: iPURCHASEiX εβα ++=  where X is 

the explained variable and the test is on the null hypothesis that 0=β . Full results are available by 

request from the authors.  
16 This probably implies that tenants who plan to purchase their apartments file complaints in an 

attempt to either drive the price of the apartment down, or that they try to force the housing authorities 

to renovate their apartments before they make the transaction. 
17  The outcomes of this procedure are available by request from the authors. 
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AREA and 4 dummies to describe the status of each of DOOR, TOILETTES, 

KITCHEN, FLOOR and PLASTER.  

For predicting the probability that a household belongs to the class of 

households with the financial possibility to purchase their apartments we included the 

following variables: YEARS, TOILETTES12,18 SENIORITY, IMMIGRANTS, BIRTH, 

HOUSEHOLDS, CITIES, NORTH, CENTER, TELAVIV, STORIES, APARTMENTS, 

STORY, ROOMS and AREA.19 

The estimation results are given in Table 3, where the LSUM column gives the 

marginal impact of each explanatory variable on the tenant's willing to pay for its 

apartment and the ( dP dX )  column gives the marginal probability to become an 

owner, given the household's financial status (i.e. equation (4) holds), at the sample 

mean.  

 

*** TABLE 3 ABOUT HERE *** 

 

The results indicate that ceteris paribus, households that rent apartments in 

public housing projects for a longer period of time are more likely to have the means 

to purchase their apartments. This may partly be because they deserve higher discount 

rates, and partly because paying subsidized rents for longer periods may have allowed 

them to save more of their income. On the other hand, it seems that the reservation 

prices tend to decrease with the number of years that households live in public 

housing. The total effect, however, is reflected in the marginal probability to purchase 

the apartment at the sample mean which increases by 0.09% with each additional year 

of residence in public-housing projects.  

Compared with Non-immigrants, New-Immigrants seem to value their 

apartments more. However, they also seem to have a smaller probability to belong to 

the group of households that have the means to purchase their apartments.  

                                                 
18 Toilettes12 is a dummy variable that receives 1 if the toilettes require urgent or non-urgent repair and 

0 otherwise. 
19 We did not include the tenants' income in the regression because we found it to be in a strong linear 

correlation with some of the other explanatory variables. In addition, due to missing data, including 

INCOME in the regression would force us to give up on a significant number of observations. 

Nevertheless, including the income variable in the regression does not have a significant affect on the 

conclusions.   
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It also seems that households who live in the center of Israel or in the main cities (Tel-

Aviv or Jerusalem) tend to evaluate their apartments by as much as 69%-80% more 

compared with households that live in the periphery. However, the probability that 

households in central locations will have the means to purchase their apartments is 

smaller, perhaps because those apartments are more expensive. The total effect is that, 

on one hand, residence in central locations decrease the probability of households to 

become owners at the sample mean by 1.3%−1.5%. On the other hand, residence in 

the northern periphery increases the probability at the sample mean by 0.6%.  

As expected, the attributes of the apartments have a significant effect on the 

reservation prices. Tenants are willing to pay more for larger apartments that are 

located in newer buildings with fewer other housing units. In addition, the reservation 

price of the average household drops by a significant amount if the kitchen requires 

urgent repairs and by 31% if the floor requires minor repairs, as captured by the 

coefficients of KITCHEN1 and FLOOR3, respectively.  

Thus, the coefficients have values that give them reasonable economic 

interpretations. We therefore proceed to estimate the reservation price of households 

that live in the public housing projects. As we show in section C, we refer to our 

estimators as indicating a lower bound on the real benefits rather than as estimating 

the real benefits.  

Because we assume that households with higher socio-economic status may 

have lower reservation prices for apartments in public housing programs, we 

differentiate between the average reservation price of households that purchased their 

apartments and the rest of the households. We find that the average reservation price 

for households that purchased their apartment is NIS 60,224 (US$13,413). At the 

same time, the average reservation price of households that did not purchase their 

apartments is NIS 64,891 (US$14,452).20 The difference, which is statistically 

significant at 1% (t=6.12), is consistent with the assumption that many of the tenants 

that did not buy their apartments have a relatively low socio-economic status. Such 

households are expected to have higher reservation prices for their apartments 

because they have fewer alternatives.  

                                                 
20  Le Blanc and Laferrére (2001) report similar findings for France. 

. 
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Although we interpret the results as lower bound estimates of the actual 

reservation prices, they seem to be highly plausible. Moreover, the fact that only a 

relatively small fraction of the households that have the means to purchase their 

apartments actually chose to do so, reveals that the reservation price for most 

households is probably below the discounted price. Since the average price paid by 

households who purchased their apartments is about NIS 86,622 (US$19,290), the 

lower value of NIS 64,891 - 60,224 that we find for the average reservation price 

seems reasonable. 

Given those estimates for the reservation prices, we would like to compare 

them with the total cost for supplying public housing services in order to estimate the 

leak in the bucket of the public housing program. To do this, we use the definition of 

the leak in the bucket as the difference between the governments' expenditures on 

public housing programs and the tenants' reservation prices. Thus, given that the full 

price of the apartment represents the cost of the government, we measure the leak in 

the bucket as the minimum discount rate required to elicit tenants to purchase their 

apartments. Another possibility is to use the government's estimates for the total costs 

of providing public housing services. Those were reported by Bar-Dadon (2000) to be 

about NIS 9 billion (US$2 billion). Our procedure yields very similar results, and we 

take it as another indication for the robustness of our results. 

Although we do not have observations on the minimum discount rate, the 

dataset includes observation on the discount rate that was offered to the tenants. Since 

this discount rate is greater or equal to the minimum necessary rate, the estimated 

discount must be interpreted as an upper bound on the leak in the bucket. This line of 

reasoning is similar to the one that guided us in estimating lower-bound estimates for 

the households' reservation prices.   

Under the same assumption that we used to estimate the tenants' reservation 

prices, we get that an upper-bound estimate for the necessary discount rate can be 

obtained by using the sample selection model. The dependent variable is RATE, the 

discount rates offered to buyers, and the explanatory variables are the same as those 

included in Table 3. The estimation results are reported in Table 4. 

 

*** TABLE 4 ABOUT HERE *** 
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We use the results reported in table 4 to construct predictions on the upper-

bound estimate for the minimum discount rate necessary to make the discounted price 

of each apartment equal to its tenant's reservation price. Having dropped 107 

observations for which the estimated discount rates exceeded 100%, we get that the 

average predicted discount rates are: 69.63% for households that purchased their 

apartments and 65.17% for the rest of the households. The difference is statistically 

significant at 1% significance level (t=18.64). Those outcomes imply that an upper 

bound on the leak in the bucket of the housing project is approximately 65 - 70% of 

the costs for providing the housing services.  

Compared with previous studies, our estimate for the leak in the bucket 

appears to be much higher. For example, in his review Olsen (2003) points out that 

most of the estimated leaks in the bucket in public housing projects in the US are 

between 0.3 and 0.2 of the costs21. However, while our estimates for the leak in the 

bucket may be regarded as upper-bound estimates, most of the previous studies report 

lower-bound estimates. In addition, Olsen (2003, 2006) and others have pointed out 

that previous works do not take into account differences in the quality of the housing 

services provided by the public and private sectors. In that respect our lower 

estimates, being based on direct observations on the willingness to pay of the tenants 

might be closer to the real benefits. Indeed, our results fall very close to the 

predictions of O'sullivan (1996) who argues that there is at least 30% efficiency gap 

between the public and private sectors and that the leak in the bucket should therefore 

be at least 55% of the costs (for further empirical evidence on this efficiency gap see, 

for example, National Housing Review, 1974, Gyourku and Linneman, 1990). 

 

F. Conclusions   
 By using a large and detailed dataset consisting of over 45,000 observations 

on apartments in public housing programs and their tenants we estimate a lower-

bound on the reservation prices that public-housing tenants assign to their apartments. 

We use the results to estimate upper-bound on the leak in the bucket of the public 

housing program. We find that the reservation prices of the tenants are about 30-35% 

                                                 
21 Olsen (2003) displays the results obtained in the US literature in terms of mean benefit – mean 

subsidy ratio, which is one minus the leak in the bucket. This term also implies that indirect costs of the 

public bureaucracy have not been considered explicitly in previous works. 
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of the costs of providing those housing services. This implies that the leak in the 

bucket of the public housing entitlements services is 60-65% of the costs.  

These figures are higher than those obtained in previous studies, which were 

conducted under the assumption that the public sector is as efficient as the private one 

in providing housing services. Thus, our figures, which do not depend on this 

assumption, corroborate the expectations of Olsen (2003, 2006) and O'sullivan 

(1996). They both argue that previous estimates were biased upwards because the 

observations they used did not include information on the efficiency differences 

between the private and public sectors.  

In addition, our findings also indicate that the reservation prices are a 

decreasing function of the tenants' socio-economic status. This is in line with the 

findings of Le Blanc and Laferrére (2001). It thus suggests that offering public 

housings to a population with a relatively high socio-economic background may be 

inefficient, and thus, as suggested by Le Blanc and Laferrére (2001), estimates of the 

leak in the bucket in European studies of public housing projects may underestimate 

the real leak. 
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Table 1: Differences between Households' Attributes of Buyers and Non-Buyers  

 

Variable Not Purchased Purchased Significant Observations 

SENIORITY 
13.7 

(12.26) 

17.2 

(11.1) 
yes 46,881 

INCOME 
3,014 

(1,338.5) 

3,607.7 

(1,308.3) 
yes 26,288 

IMMIGRANTS 
0.33 

(0.47) 

0.28 

(0.45) 
yes 45,694 

BIRTH 
1948.9 

(16) 

1946.5 

(14.8) 
yes 44,594 

CHILDREN 
2.27 

(1.8) 

2.26 

(1.76) 
no 26,015 

HOUSEHOLDS 
2.7 

(1.94) 

3.06 

(1.94) 
yes 46,787 

VEHICLE 
.001 

(0.03) 

0.0 

(0.0) 
no 46,882 

 

Notes: 

For each variable we report the mean and standard deviation (in parentheses). 

The Not-Purchased column stands for households of tenants that did not purchase 

their apartments. The Purchased column stands for households of tenants that 

purchased their apartments.  

 The significance column indicates whether the differences are statistically significant 

at 1%. 

 The Observations column gives the total number of observations in each row. 

SENIORITY stands for the number of years that a household lives in public housing. 

INCOME stands for households' monthly income in NIS. IMMIGRANTS gives the 

proportion of new immigrants in each category. BIRTH is the year of birth of the head 

of household. CHILDREN is the number of children in a household. HOUSEHOLDS 

is the number of persons in the household. VEHICLE is the number of cars that a 

household owns. 
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Table 2: Differences between Apartments that Were Purchased and  

Those that Were Not 

Variables Not Purchased Purchased Significant Observations 

YEAR 
1971.9 

(11.14) 

1973.6 

(9.7) 

yes 46,695 

APARTMENTS 
25.4 

(17.7) 

23.7 

(16.4) 

yes 46,696 

STORIES 
3.8 

(1.8) 

4.2 

(2.3) 

yes 46,696 

STORY 
2.37 

(1.4) 

2.47 

(1.73) 

yes 46,619 

ROOMS 
2.9 

(0.8) 

3.25 

(0.8) 

yes 46,882 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 22

Table 2: Differences between Apartments that Were Purchased 

And Those that Were Not (Continued) 

Variables Not Purchased Purchased Significant Observations 

CITIES 
0.30 

(0.002) 

0.27 

(0.012) 

yes 46,882 

NORTH 
0.34 

(0.002) 

0.46 

(0.013) 

yes 46,882 

CENTER 
0.22 

(0.002) 

0.13 

(0.011) 

yes 46,882 

SOUTH 0.71 

(0.002) 

0.72 

(0.012) 

no 46,882 

SOUTHTOWNS 0.53 

(0.002) 

0.60 

(0.013) 

yes 46,882 

TEL AVIV 
0.09 

(0.001) 

0.06 

(0.008) 

yes 46,882 

JERUSALEM 
0.06 

(0.001) 

0.07 

(0.006) 

no 46,882 

 

Notes: For each variable we report the mean and standard deviation (in parentheses). 

The Not-Purchased column stands for apartments that were not sold to their tenants. 

The Purchased column stands for apartments that were sold to their tenants. The 

significance column indicates whether the differences are statistically significant at 

1%. The Observations column gives the total number of observations in each row. 

YEAR  is the year in which the building was constructed.  APARTMENTS is the 

number of apartments in the building. STORIES is the number of stories in the 

building. STORY is the floor in which the apartment is located. ROOMS is the number 

of rooms in the apartment. AREA is the area of the apartment in square meters.CITIES 

is the share of apartments that is located in cities 120,000 persons (1996) and 0 

otherwise. NORTH is the share pf apartments in the north of Israel.  CENTER is the 

share pf apartments in the center region of Israel. SOUTH is the share pf apartments in 

the south region of Israel. SOUTHTOWNS is the share pf apartments in the south 

region of Israel that live in towns with population of less than 120,000 persons (1996). 

TEL AVIV is the share pf apartments that are located in Tel-Aviv. JERUSALEM is the 

share pf apartments that are located in Jerusalem.  
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 Table 3: Estimation of the Tenant's Benefit by the Sample Selection Model 

 :DEPENDENT   :DEPENDENT  DEPENDENT 
:.INDEPEN LSUM ( )dP dX :INDEPENDENT LSUM ( )dP dX .:INDEPEN LSUM ( )dP dX 

Constant −10.25 − STORY 0.02 −0.0009 KITCHEN2 −0.28 − 
 (−1.90)** −  (1.47) (−1.6298)  (−1.36) − 

SENIORITY 33 7 10. −− × 0.0009 ROOMS −0.03 51 17 10. −× KITCHEN3 0.15 − 
 (−1.81)** (12.0157)*  (−0.71) (-0.0071)  (0.81) − 

IMMIGRANTS 0.24  −0.0019 AREA 34 9 10. −× 0.0005 KITCHEN4 −0.01 − 
 (5.00)* (−1.0216)  (2.35)* (5.6683)*  (−0.04) − 

BIRTH 32 6 10. −× −0.0001 DOOR1 0.43 − FLOOR1 −0.23 − 
 (1.80)** (−2.0593)*  (1.33) −  (−0.33) − 

HOUSEHOLD −0.05 0.0013 DOOR2 0.06 − FLOOR2 −0.15 − 
 (−4.86)* (3.1939)*  (0.25) −  (−0.32) − 

CITIES 0.25  0.0009 DOOR3 −0.04 − FLOOR3 −0.31 − 
 (4.88)* (0.4356)  (−0.28) −  (−1.97)* − 

NORTH 0.15  0.0061 DOOR4 −0.16 − FLOOR4 −0.05 − 
 (2.86)* (3.0718)*  (−1.33) −  (−0.50) − 

CENTER 0.75  −0.0150 TOILETTES1 0.30 − PLASTER1 −0.01 − 
 (11.91)* (−9.2029)*  (0.49) −  (−0.02) − 

TEL-AVIV 0.69  −0.0130 TOILETTES2 −0.60 − PLASTER2 0.14 − 
 (8.42)* (−6.5837)*  (−1.54) −  (0.56) − 

JERUSALEM 0.80  − TOILETTES12 − −0.0184 PLASTER3 0.09 − 
 (10.49)* −  − (−4.7769)*  (0.68) − 

STORIES −0.02 0.0035 TOILETTES3 34 2 10. −× − PLASTER4 0.11 − 
 (−1.21) (6.4949)*  (0.02) −  (0.78) − 

YEAR 0.01  0.0001 TOILETTES4 0.12 −    
 (3.43)* (0.5962)  (0.81) −    

APARTMENTS −0.01 −0.0004 KITCHEN1 −1.45 −    
 (−5.39)* (−6.5887)*  (−1.99)* −    

 

Notes: The table displays the estimation results obtained from application of the Full 

Information Maximum Likelihood procedure to a sample consisting of 42,996 

households that did not purchase their apartments and 1,372 that purchased them.  

The dependent variables: LSUM (the natural logarithm of the prices paid for 

apartments) and PURCHASE (A dummy variable, which receives 1 for households 

that purchased their apartments and 0 otherwise). The estimated coefficients of the 

second equation are reported in terms of ( )dP dX , the marginal probabilities 

obtained from the standard cumulative normal distribution at the sample mean. 

 Numbers in Parentheses are t-values. Significant values at 5% and 10% are marked 

with one and two asterisks, respectively. 
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Selection Model Samplee Deadweight Loss by the Estimation of th: 4Table  
 :DEPENDENT  :DEPENDENT  :DEPENDENT 
:.INDEPEND RATE ( )dP dX :INDEPENDENT RATE ( )dP dX .:INDEPEN RATE 

Constant 192.78 − STORY −0.53 −0.0009 KITCHEN2 4.70 − 
 (1.27) −  (−1.41) (−1.6298)  (0.79) − 

SENIORITY 0.33 0.0009 ROOMS 1.58  51 17 10. −× KITCHEN3 −10.34 − 
 (3.41)* (12.0157)*  (1.39) (-0.0071)  (−1.93)** − 

IMMIGRANTS −6.57 −0.0019 AREA 0.10 0.0005 KITCHEN4 −2.07 − 
 (−4.82)* (−1.0216)  (1.35) (5.6683)*  (−0.46) − 

BIRTH −0.03 −0.0001 DOOR1 −6.76 − FLOOR1 5.04 − 
 (−0.75) (−2.0593)*  (−0.74) −  (0.26) − 

HOUSEHOLD 1.65 0.0013 DOOR2 −1.92 − FLOOR2 −9.72 − 
 (5.26)* (3.1939)*  (−0.31) −  (−0.72) − 

CITIES −2.62 0.0009 DOOR3 1.60 − FLOOR3 3.54 − 
 (−1.79)** (0.4356)  (0.39) −  (0.80) − 

NORTH −1.41 0.0061 DOOR4 2.73 − FLOOR4 2.63 − 
 (−0.93) (3.0718)*  (0.82) −  (0.86) − 

CENTER −10.19 −0.0150 TOILETTES1 −1.14 − PLASTER1 −6.42 − 
 (−4.33)* (−9.2029)*  (−0.06) −  (−0.64) − 

TEL-AVIV −4.52 −0.0130 TOILETTES2 12.27 − PLASTER2 −1.70 − 
 (−1.66)** (−6.5837)*  (1.08) −  (−0.24) − 

JERUSALEM −6.95 − TOILETTES12 − −0.0184 PLASTER3 0.55 − 
 (−3.22)* −  − (−4.7769)*  (0.14) − 

STORIES 0.53 0.0035 TOILETTES3 1.95 − PLASTER4 −3.84 − 
 (1.13) (6.4949)*  (0.35) −  (−0.96) − 

YEAR −0.04 0.0001 TOILETTES4 −0.26 −   
 (−0.64) (0.5962)  (−0.06) −   

APARTMENTS 0.09 −0.0004 KITCHEN1 32.27 −   
 (1.78)** (−6.5887)*  (1.56) −   
Notes: The table displays the estimation results obtained from application of the Full 

Information Maximum Likelihood procedure to estimate a sample selection model. 

The sample consists of 42,996 tenants that did not purchase their apartments and 

1,372 that did.  The dependent variable in the main regression is: 

 RATE= ( )100 DISCOUNT DISCOUNT SUM× + and the dependent variable in the 

selection regression is: PURCHASE which receives the value of 1 if a tenant 

purchased its apartment and 0 otherwise. The estimated coefficients of the second 

equation are reported in terms of ( )dP dX , the marginal probabilities obtained from 

the standard cumulative normal distribution at the sample mean.  Numbers in 

Parentheses are t-values. Significant values at 5% and 10% are marked with one and 

two asterisks, respectively. 


