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Abstract
Using a dataset constructed from the 2006 and 2008 American Water Works Association Water and Wastewater Rate Surveys and the Food and Water Watch Privatization Database, I explore the impact of two different types of public-private partnership contracts versus no contract on water system performance. Affordability (percentage of median household income spent monthly on water) is used as an indicator of performance. Ordinary least squares and instrumental variables (to account for the potential endogeneity of contract choice) regressions are used to obtain estimates and control for other factors. I find that under operations type contracts affordability increases while under infrastructure investment type contracts the impact on affordability is unclear.
1. Introduction
According to the current literature, a public-private partnership (PPP) is “a form of structured cooperation between public and private partners in the planning/construction and/or exploitation of infrastructural facilities in which they share or reallocate risks, costs, benefits, resources and responsibilities.”[endnoteRef:1] These partnerships—usually contracts between governments and large private entities—are increasingly common for many types of large utilities, including electricity, telecommunication, solid waste, transportation, and the subject of this study—water and wastewater services.[endnoteRef:2] [1:  Brinkerhoff, Derick w. and Jennifer M. Brinkerhoff. „Public-Private Partnerships: Perspectives on Purposes, Publicness, and Good Governance.” Public Administration and Development. 2011.]  [2:  Savas, E.S. “Privatization and Public-Private Partnerships.” Seven Bridges Press. 2000.] 

In the 1990s, the World Bank recommended the use of water, sanitation and other public-private partnerships in the developing world.[endnoteRef:3]   Since then, proponents of PPPs have cited them as the best chance for providing needed infrastructure in developing countries and achieving the U.N.’s Millennium Development Goals.[endnoteRef:4] Meanwhile, opponents say they are in conflict with the human right to water, causing more problems than they solve.[endnoteRef:5] [3:  The World Bank. “World Development Report 1994: Infrastructure for Development.” World Bank and Oxford University Press. 1994.]  [4: Thomsen, Stephen. OECD/DAF Investment Division. “Encouraging Public-Private Partnerships in the utilities Sector: The Role of Development Assistance.” May 2005.]  [5:  Petrova, Violet. “At the Frontiers of the Rush for Blue Gold: Water Privatization and the Human Right to Water.” Brooklyn Journal of International Law. Vol 31. 2005-2006.] 

Though there is abundant and diverse anecdotal evidence that stands to prove each point mentioned above, empirical evidence lags far behind.  The sheer diversity of outcomes in case studies seems to suggest that success in PPPs must be case specific, where their advantages are exploited but their drawbacks avoided. Careful analysis of specific cases and some empirical research has shed some light on what these advantages and drawbacks might be.
1.A. Reasons for Engaging in PPPs
Studies have suggested that PPPs can increase government efficiency through an exploitation of private-sector comparative advantage. Specifically, these partnerships can provide governments with technical expertise and access to existing networks that would have otherwise been unavailable. [endnoteRef:6] [6:  Brinkerhoff, Derick w. and Jennifer M. Brinkerhoff. „Public-Private Partnerships: Perspectives on Purposes, Publicness, and Good Governance.” Public Administration and Development. 2011.] 

PPPs are also used as a vehicle for investment in infrastructure, allowing the public sector to access private sector financing and construction services. This also enables sharing of risk between the public and private sectors. Governments and corporations often advertise that these types of PPPs will provide cost savings for taxpayers in places where major infrastructure projects are needed.[endnoteRef:7] [7:  Ibid] 

As mentioned above, PPPs have also been attempted in the developing world—as a vehicle for economic development as well as a method of expanding much needed water infrastructure. Some suggest that PPPs are the key to expanding this infrastructure when developing world governments do not have the means to do so.[endnoteRef:8] [8:  Ibid] 

PPPs are also undertaken for a number of political and social reasons. One study suggests that they may be conducted in order to increase appeal to voters or stakeholders.[endnoteRef:9] [9:  Ibid.] 

1.B. Drawbacks of PPPs
Regardless of the rationale for choosing PPPs, some research has shown that these partnerships can be met with mixed results. In practice, poor implementation and bad regulation can cause PPPs to have unintended consequences or skewed incentives. Because the motivations of the private corporations involved—namely profits, partner benefits, and reputation—can at times be misaligned with the public interests for which PPPs are conducted, these partnerships in some cases have fallen short of expectations.[endnoteRef:10] [10:  Ibid.] 

Brinkerhoff and Brinkerhoff (2011) suggest that in cases like these, “PPPs may restrict competition and choice, increase costs to consumers, and limit access to innovation.”[endnoteRef:11] Some other research has shown that rural non-adjacent communities can be especially disadvantaged by PPPs because of lack of necessary bidding competition.[endnoteRef:12] PPPs have also had mixed results in risk sharing situations. [endnoteRef:13] [11:  Ibid.]  [12:  Warner, Mildred and Amir Hefetz. “Rural-urban differences in privatization: limits to the competitive state.” Environment and Planning C: Government Policy. 2003.]  [13:  Ibid.] 

However, none of the above conclusions about PPPs—in favor or against—are universal. Empirical research is limited and the available case studies have many contradicting implications, suggesting that the largest possible conclusions that can be drawn about PPPs are situational. To add to the confusion, there are many important distinctions that must be made between privatization debates which are almost never made. Privatization schemes are so varied in type and their locations so varied in geography and institution that making general conclusions about privatization is often an ill-conceived and shortsighted task. I will now make some necessary distinctions.
1.C. PPPs vs. IOUs
Before privatization was a global issue, and before it was a national issue in England and Wales in the 1980s, it was a domestic issue in the United States. Between the 1970s and 1990s, there were a number of empirical studies that weighed the privatization of water and sanitation service against public provision.[endnoteRef:14] Along with the recent flurry of international privatization, privatization in the United States has once again become a popular subject. [endnoteRef:15] [14: Bel, Germa and Mildred Warner. “Does privatization of solid waste and water services reduce costs? A review of empirical studies.” Resources, Conservation and Recycling. October 2008.]  [15:  Arnold, Craig Anthony. “Privatization of Public Water Services: The States' Role in Ensuring Public Accountability” Pepperdine Law Review. 2005.] 

One important distinction is that the privatization that was the subject of debates in the United States between the 1970s and 1990s is a completely different type of private sector involvement than is often up for debate today. In the past, the issue was about whether Investor Owned Utilities—private companies—or direct public management of water systems was more efficient and safer. Today, the focus is also on private-public partnerships (PPPs), different types of mixed private and public management, ownership and operation. Though some water systems remain privately owned and some continue to weigh sales of their water systems, many also consider the possibility of engaging in PPPs. 
1.D. Contract Types
Another critical distinction is that not all PPPs are alike. There are so many different ways of organizing a private-public partnership that even in the sample used in this study there are seven different types of contracts present.
The most basic form is an Operations and Maintenance (OM) contract. This usually involves a public water system outsourcing some routine and small part of its operation, often maintenance or billing. [endnoteRef:16]  However, in some instances this type of contract can involve the private player taking responsibility for operation of facilities.[endnoteRef:17] [16:  "Public-Private Partnerships: Terms Related to Building and Facility Partnerships", Government Accounting Office, April 1999.]  [17:  Thomsen, Stephen. OECD/DAF Investment Division. “Encouraging Public-Private Partnerships in the utilities Sector: The Role of Development Assistance.” May 2005.] 

 	In the United States, a common contract type is an Operations, Management and Maintenance (OMM) contract. This involves a private entity taking full responsibility for the operations of the water system or a part of it, though it still remains the property of the public and any major investment or infrastructure needs remain in the hands of the public. [endnoteRef:18] These contracts typically run for less than 15 years, and are often as short as three to five years. [18: National Research Council. “Privatization of Water Services in the United States: An Assessment of Issues and Experience.” 2002. ] 

A concession contract utilizes an even higher degree of private sector involvement. These contracts are typically longer in length than OMM contracts and involve more private sector responsibility. Aside from taking over operation and management of the water system, there are often investment obligations and responsibilities made by the private sector player in the contract. [endnoteRef:19] These types of contracts have been very common in France dating back even to the early 1900s and became more common in the developing world under the World Bank’s guidance in the early 2000s. These contracts are relatively rare in the United States. One notable exception in the data for this study is Fairbanks, Alaska, which has engaged in a concession contract for both its water and wastewater services.  [19: Ibid. ] 

Using private-public partnerships in new infrastructure construction and operation is also a common strategy. A Design, Build, Operate (DBO) contract employs private sector design and construction services with an agreement for operation when the facility is finished. The Design, Build, Finance, Operate contract adds private sector financing.  Another type of contract is a Build, Own, Operate (BOO) contract, where after providing the construction services, the private player owns the facility. Build, Operate, Transfer (BOT) contracts work in a similar way except that the private player transfers the facility after a specified period of time. [endnoteRef:20] [20:  Grimsey, Darrin and Mervyn K. Lewis. “Public-Private Partnerships. The Worldwide Revolution in Infrastructure Provision and Project Finance.” Edward Elgar Publishing, 2004.] 

1.E Notable Empirical Work
Due largely to the fact that data on water privatization—especially PPPs— is hard to find, there is very limited empirical work. In the 1970s-1990s there were a number of empirical studies on the relative efficiency of direct public management versus investor owned utilities in the United States. The results of these studies were mixed, though one attributed the difference to economies of scale and different average utility sizes for public versus private.[endnoteRef:21] A series of studies in England and Wales in the 1980s and 1990s on the efficiency of PPPs also had mixed results but underscored the need for good regulation. In Africa and Asia, studies found little evidence that PPP contracts influenced efficiency.  [21:  Bhattacharyya, Arunava, Thomas R. Harris, Rangesan Narayanan, and Kambiz Raffiee. “Specification and estimation of the effect of ownership on the economic efficiency of the water utilities.” Regional Science and Urban Economics. 1995] 

One study, by Chong, Huet, Saussier and Steiner (2006), assesses the performance of PPPs in France. They find that when a municipality engages in a management contract with the private sector, controlling for many other things, the end price is higher with high statistical significance.[endnoteRef:22] This highlights that institutional and geographical differences can account for effectiveness of PPPs as much as the specific type of partnership can. [22:  Chong, Eshien, Freddie Huet, Stéphane Saussier and Faye Steiner. “Public-Private Partnerships and Prices: Evidence from Water Distribution in France.” Review of Industrial Organization. Vol.29, 2006.] 

1.F. Aim and Overview of This Study
The growing interest in PPPs in developing countries has called into question PPPs in developed countries and in the United States.  It is clear from past investigations that general conclusions about effectiveness cannot be drawn across types of contracts. Furthermore, the empirical work on water privatization in the United States is outdated and no longer relevant as it mostly concerns pure privatization and not partnerships. To the author’s knowledge, there is no empirical study concerning the relative performance of public-private partnerships in the United States. Therefore, this study empirically assesses the performance of different types of private-public partnership types for drinking water distribution against systems with no active partnership in the United States.
As discussed above, an unsuccessful PPP is one that is misaligned with public interests, resulting in unexpected consequences or not achieving expectations. As Brinkerhoff and Brinkerhoff (2011) note, rising prices are often seen in these types of PPPs. Additionally, one commonly cited goal in engaging in a PPP is increased efficiency of public services. As I have the ability to control for most inputs and costs, a good measure of efficiency is also consumer prices.  Furthermore, as water quality in the United States is heavily regulated by the EPA under the Safe Drinking Water Act, water systems have a limited ability to compromise in terms of quality. With the above in mind—and partially following Chong et al. (2006), who used prices—affordability (prices as a percentage of median household income) is used as an indicator of the performance of water systems in this study. 
Using data from the American Water Works Association and Food and Water Watch, public-private partnerships are assessed separately from pure private, investor owned utilities and attention is also given to the different types of partnerships. Other water system characteristics are controlled for to the extent possible. This is done using ordinary least squares regressions.
There is a potential endogeneity problem that arises due to the fact that contract choice may be correlated with an unobserved variable that is also correlated with affordability—such as “Coastal Location” or “Water Trustee Attentiveness.” This problem is accounted for by using an instrumental variables regression with the organizational choice for wastewater services as an instrument.
2. Data
The majority of data for this study comes from the 2006 and 2008 American Water Works Association (AWWA) water and wastewater rate surveys. According to the AWWA, the sample of utilities displayed in these surveys is diverse and meaningful, including data from all 50 states.  These surveys are voluntary and do not contain information on all of the same water systems from year to year.  Therefore, the dataset is not treated as panel data, but rather as a large pool of observations. The dataset contains information on water and wastewater rates as well as many characteristics of the water systems such as service populations, capacity and others. Also included in the dataset is a variable the AWWA calls a “Water Affordability Index.” 
As the survey is voluntary, there is always a potential selection bias. A bias manifests itself here in terms of system size. According to the EPA, 30% of people are served by drinking water systems with service populations less than 3,301 people. However, the entirety of the AWWA sample is on water systems with service populations above 9,000. Therefore, small systems are underrepresented. This could be because small systems often do not have the extra resources necessary in order to complete the survey, making them less likely to respond. However, insight as to the direction of this bias on the treatment effect is possible.
According to the 2006 EPA Community Water System Survey and Table 3, the contracts that are the subject of this investigation on average take place in larger systems (for OMM, average service population of 602,921). Additionally, according to the AWWA data and Bhattacharyya et al. (1995), small systems (mean 21,779 served) are on average the least affordable, possibly due to economies of scale. [footnoteRef:1], [endnoteRef:23]  The capacity coefficient from the regressions that follow suggests too that the smaller the system, the worse the affordability. Therefore, not including very small systems that are unlikely to have contracts and are likely to be unaffordable would theoretically only understate the increased affordability from privatization contracts. Selection bias due to the key treatment variables is discussed below. [1:   Numbers cited are from the AWWA data, not Bhattacharyya et al.]  [23:  Bhattacharyya, Arunava, Thomas R. Harris, Rangesan Narayanan, and Kambiz Raffiee. “Specification and estimation of the effect of ownership on the economic efficiency of the water utilities.” Regional Science and Urban Economics. 1995] 

In the 1990’s, Bhattacharyya et al. (1995) and (1994) used a similar dataset produced by the AWWA in order to determine relative efficiencies of public versus private water systems using stochastic frontier analysis. These researchers simply distinguished between pure public and pure private water systems—a distinction that is made within the AWWA data—when doing measures of efficiency. In the data used for this study, 4.4% of water systems surveyed were identified as purely privately owned. However, the goal of this study is to distinguish between publicly owned and operated water systems and those that are engaged in a public-private partnership—a distinction that is not made in the data. It is therefore necessary to supplement this dataset.
Data on these public-private partnerships (PPPs) is very difficult to find. Besides the dataset used, the only other data known to the author that specifically distinguishes between publicly owned and operated water systems versus water systems that are publicly owned but operated privately is the EPA’s Community Water System Survey, which does not contain rate information. Furthermore, this dataset does not distinguish if a water system is engaged in a building, design, or financing contract, only an operations contract. 
Because of these limitations, the data on which water systems were engaged in contracts was obtained from a private, internal database of the consumer advocacy non-profit, Food and Water Watch. The Food and Water Watch database contains thousands of entries spanning from the early 1970s to 2011, with information on the start and end date of privatization contracts, type of contract, location, and the system privatized.  Their database is compiled from a number of trade journal databases, internet research, interviews, news articles and other sources.
[image: ]The Food and Water Watch privatization database was cross-referenced with the AWWA surveys to see if active contract dates in the privatization database matched water systems that had participated in one of the rate surveys. Out of the combined AWWA survey size of 474 observations[footnoteRef:2] there were 35 confirmed matches. If there was no contract data, or if it was incomplete or could not be confirmed, the system was assumed to not have a contract.  Table 1 highlights the number of matches between the AWWA survey and the Food and Water Watch privatization database by type of contract.  [2:  This is the number of observations with complete data for key variables.] 
Table 1

A test of accuracy of the Food and Water Watch Database in identifying PPPs was run using the EPA’s 2006 Community Water System Survey (CWSS). The CWSS takes a representative sample of the existing community water systems and asks public systems surveyed whether they are operated by a private contractor, among other questions. Those water systems that self-identified as being privately operated but publicly owned in the Community Water System Survey were cross referenced against the Food and Water Watch database for having PPP contracts. Of the self-identified privately operated systems in the CWSS above the smallest size included in the AWWA survey, 16 of 17 were also identified by the Food and Water Watch database. This suggests that the assumption—mentioned in the above paragraph—of the utilities not identified in the FWW database being not engaged in a contract is a reasonably good one. As stated above, the Community Water System Survey data itself could not be used itself because it contains no rate information.
It is possible that systems engaged in PPP contracts might be less likely to respond, resulting in a selection bias. Contracted systems might be more concerned about revealing details about their operations because they have competitors for contract renewals and for other reasons. This could result in fewer or only the best run contracted systems responding. However, in the CWSS, 2.28% of systems self identify as being publicly owned but privately contracted (roughly equivalent to an OMM or OM contract). As can be seen in Table 1, 2.32% of systems in the combined data for this survey identify as having an OMM contract, and 0.42% as having an OM contract. Because the response rate for the CWSS was much higher (59%)—perhaps because it remains anonymous for several years after its release— than the response rate of the AWWA survey (35%) but there was little difference in the percentage of systems identified as contracted, it can be inferred that selection problem for this treatment is minimal.
As Table 1 shows, the only two types of contracts with over 2 observations are Operations, Management, and Maintenance (OMM) and Design, Build, Operate (DBO) contracts. Early hopes to aggregate all types of private sector involvement into one variable proved to be impractical because the Design, Build, etc. and Build, etc. contracts tended to affect affordability fundamentally differently from OMM and OM type contracts. Therefore, OMM and OM type contracts were combined to create one treatment variable (“DWOMM”) and the Design Build etc. and Build etc. contracts were combined to create another (“DWDBO”).Figure 1

[image: ]These contract dummies were appended to the combined 2006 and 2008 AWWA datasets on the observations identified in the cross-referencing, creating a pool of data where some systems had engaged in contracts of one type or the other, but where the majority engaged in none (direct public management). Observations were dropped if they had a missing value for the dependent variable, “Water Affordability Index,” described below.  A breakdown of the final contract data on which regressions were run (446 observations) can be seen in figure 1. There were 415 municipalities with no contract, 13 with an OMM type contract, and 18 with a DBO type contract.
2. A. Dependent Variable
As a measure of the performance of these water systems, the dependent variable selected was the AWWA “Water Affordability Index” for 1000 cubic feet of water service in a month. This is simply the monthly water or wastewater rates for a given volume as a percentage of median household income. It is important to note that because of the way this variable is constructed, more affordable water systems have a lower value for the affordability index. Figure 2

[image: ]The rate survey data includes affordability indexes for 500, 1000, and 3000 cubic feet. However, according to the AWWA, the average American annual water consumption for a household is 127,400 gallons. This is equivalent to a monthly usage of about 1,420 cubic feet. Therefore, the affordability index for 1000 cubic feet is the most applicable. The means of this index and the others for water and wastewater can be seen in figure 2. The mean of the 1000 cubic foot water index is 0.57% of median household income. There is also some variation between systems, with this index having a standard deviation of 0.26% of median household income.
2. B. Private Sector Involvement
The combination of these two datasets allows the types of private sector involvement to be used as treatment variables. Any private-public partnership is aggregated into two distinct categories. The “OMM” variable takes a value of 1 when the water system is engaged in an Operations and Maintenance (OM) contract or an Operations, Management, and Maintenance (OMM) contract. The “DBO” variable takes a value of 1 when the water system is engaged in a Design, Build, Operate (DBO), Design, Build, Finance, Operate (DBFO), Build, Own, Operate (BOO) or a Build, Operate, Transfer (BOT) contract. As the analysis is done on drinking water contracts, “DWOMM” simply denotes an OMM contract in drinking water. “DWDBO” denotes the same for a DBO contract.
2. C. Instruments
The two key treatment variables (whether the water system chooses to engage in private sector involvement for drinking water) are arguably endogenous. In order to account for this problem, an instrumental variables, two stage least squares regression is used. Following Chong, Huet, Saussier, and Steiner (2006) who did empirical work on PPPs in France, the instruments used are dummy variables denoting whether the water system engages in the same type of contract for wastewater services. For the OMM contract, the instrument used is “WWOMM,” and is simply a dummy denoting when a water system engages in an OMM contract for wastewater. “WWDBO” denotes the same but for a DBO type contract. 
There is ample evidence that these are relevant instruments. Aside from the precedent set by Chong et al., the covariance between the wastewater OMM contract variable and the drinking water OMM variable is 0.396. The covariance between the wastewater DBO contract variable and the drinking water DBO contract variable is 0.257. It makes sense that a community’s preference for private sector involvement in water services might very well be correlated with their preference for private sector involvement in wastewater services due to organizational reform that involves both.
The exogeneity of these instruments is a more difficult question. In order for these instruments to be exogenous it is necessary that contract choice for wastewater services only impact drinking water affordability through correlation with drinking water contract type. To make matters clearer, I will divide the potential endogeneity into two categories. The first category is endogeneity that is possible because something unobserved having to do with only the drinking water system could be correlated with both drinking water affordability and contract type. An example of endogeneity of this type would be an omitted variable like “Coastal Location.” When a municipality is located in a coastal area it is possible they are more likely to engage in a DBO contract for drinking water because many DBO contracts are for desalination plants. “Coastal Location” could also cause drinking water affordability to be worse because getting fresh drinking water might be more expensive in coastal locations. This, however, has nothing to do with the wastewater system contract choice. Being near a coastal location has no hypothetical reason to be correlated with engaging in a wastewater contract.
The second category is endogeneity that is possible because something unobserved having to do with both the wastewater and drinking water systems could be correlated with both water affordability and contract choice. An example of endogeneity like this might be an unobserved variable like “Water System Trustee Attentiveness.” Because in many cases water district trustees are responsible for both drinking water and waste water, ”Water Trustee Attentiveness” could be correlated with contract choice for both water and wastewater systems as well as drinking water system affordability.
The instrument of whether the water system chooses to engage in the same type of contract for wastewater services would only solve endogeneity problems of the first sort, where something unobserved is correlated only with drinking water contract type and drinking water affordability. The instrument would not solve the problem of the second sort.
However, endogeneity of the second sort is far less likely and may not even be a problem at all. As reasoning for this, consider the example of “Water Trustee Attentiveness.” The likelihood of an unobserved variable like this actually causing an endogeneity problem is very low because it only affects affordability through more observable avenues. Water trustees cannot—through simple attentiveness—actually lower prices in their systems. They must use their attentiveness to do it through other means, many of which are already controlled for. Water trustees may increase or decrease investment, but this is controlled for. Water trustees may try to make their system’s revenues and expenses balanced, but this too is controlled for. Water trustees may charge higher prices for outside customers, but this is also controlled for. In sum, there are few—if any—conceivable unobserved variables that could be correlated with both drinking and wastewater contract choice as well as drinking water affordability whose effects are not already controlled for.
2. D. Explanatory Variables
An effort has been made to include variables that might shift costs, and therefore might affect the affordability of water services in these systems. Table 2 highlights these variables. 
One group of variables that requires expanding upon is the”RD” variables. These are a series of dummy variables that describe to what extent water systems increase their rates for customers, wholesale or residential, outside their municipal or district borders.  “RD” stands for retail differential, basically meaning the percentage above inside rates that outside customers are charged. When “RD0” takes a value of 1, this denotes that the retail differential is 0%. When “RDLOW” takes the value of 1, this denotes that the retail differential is greater than 0% but less than 25%. When “RDMID” takes a value of 1, this means that the retail differential is greater than or equal to 25% and less than 100%. Finally, when “RDHI” takes a value of 1, this denotes that the retail differential is greater than or equal to 100% and less than or equal to 300%.
Table 3 includes more details about the explanatory variables and highlights how the means are different under the treatment variables of “DWOMM” and “DWDBO.” As can be observed by the second to last column of Table 3, most characteristics of the system point to a larger system size when it is engaged in an OMM type contract. Under this condition, service population, gallons sold, capital needs, equity, number of employees, and median household income are all larger on average. Also notable is that the affordability index is lower, suggesting better affordability on average. For a DBO type contract, average characteristics, including median household income, are even larger. However, the affordability index—lower than the overall mean—is not as low as the average affordability under the OMM type contract.
These trends may be due to the fact that a system has to be a certain size in order for a PPP contract to be feasible. In the case of a DBO type contract—which often involves large infrastructure investment like desalination or treatment plants—this data seems to suggest that systems need to be even larger than for an OMM type.
 [image: ]Table 2


 [image: ]Table 3

3. Empirical Model
In attempting to assess the impact on affordability of organizational structure, an ordinary least squares regression is used to derive estimates. This involves regressing the treatment variables, “DWOMM” and “DWDBO” as well as a number of other explanatory variables—which might account for other differences in affordability between water systems—on the affordability index. This regression also has a residual error term, , which for the purposes of the ordinary least squares regression is assumed to be statistically independent from the treatment and explanatory variables. This regression has the equation and assumption:

Assuming 
where A is affordability,  is a constant, D includes dummy variables for contract type, X includes a number of other explanatory variables,  is the independent error term and  and  are coefficients. The coefficients —the ones on the treatment variables—are the ones I am most interested in deriving, as they will lend insight as to the exact effect of organizational choice on affordability.
Though for the OLS regressions it is assumed that the error term is independent from the treatment variables, it is possible this is not the case. The choice of organizational structure may be an indicator of some other water system characteristic like “Water Trustee Attentiveness” or “Coastal Location” that is correlated with the error term. In order to account for this potential endogeneity problem, an instrumental variables or two stage least squares regression is used. The instrument used for each variable is whether the system chooses the same contract type for wastewater system management. This two part regression has the following equations and assumptions:
 and

Assuming , , and 
where  and  are constants, Z includes the instruments “WWOMM” and “WWDBO,”  are the fitted values from the first regression, X includes other explanatory variables and , , and  are coefficients. The independent error term  is assumed to be uncorrelated with the instrument or other explanatory variables. The independent error term  is assumed to be uncorrelated with  or X. 
In order for these assumptions to hold, it is necessary that the organizational structure chosen for the wastewater system is not correlated with the affordability of drinking water pricing. This eliminates many potential circumstances of endogeneity, as discussed above.
4. Results
Regression estimates are reported in Table  4. Regression number 1 is an ordinary least squares estimate of the coefficients with robust (consistent even under heteroskedasticity) standard errors reported in parentheses below.  In constructing this regression, an attempt was made to include all variables which might at all be relevant. This therefore is the most exhaustive regression. As the treatment variables “DWOMM” and “DWDBO” are included and not instrumented, this regression does not solve the potential endogeneity problem. The coefficients on the contract type variable DWOMM is negative and statistically significant at the 5% confidence level, suggesting that this type of contract does in fact affect affordability.  Specifically, this regression suggests that if a water system engages in an OMM type contract, the price of 1000 cubic feet of water drops by 0.15% of median household income. This is a very large number, considering the average price for this amount of water is 0.57% of median household income. Effectively, this regression suggests that engaging in an OMM contract increases affordability by 26%.  
Though the coefficient on “DWDBO” is negative, it is just slightly so and it is not significant. The point estimate suggests that engaging in this type of contract reduce the price of water by 0.02% of median household income. This would increase affordability by about 3%. However, because the coefficient is so small and it is not significant at any reasonable level, no real conclusions can be drawn about the effect of this variable in this regression.
Also interesting to note in regression 1 is that the “PRIVATE” dummy variable, which denotes whether the water system is investor owned, has a very small and insignificant coefficient. The point estimate suggests that when all else is adjusted for, a private company owning the water system affects affordability by about 0.06% of median household income. The robust standard error is quite large, making this coefficient not even significant at the 10% level. Therefore, little could be concluded here as well. This is consistent with reviews of empirical research, which overall find no cost savings under private ownership.[endnoteRef:24] [24:  Bel, Germa and Mildred Warner. “Does privatization of solid waste and water services reduce costs? A review of empirical studies.” Resources, Conservation and Recycling. October 2008.] 

Regression number 2 attempts to reduce some of the clutter and remove some of the variables with very small and therefore socially insignificant or statistically insignificant coefficients. Though this regression has less regressors, the R-squared goodness-of-fit indicator climbs from 0.248 to 0.25, and the F-value jumps from 6.06 to 9.97. Therefore, this is a much stronger regression overall with a better fit. Using this regression also allows for a slightly larger sample size of 361 compared to 324 because there are some missing values for the average annual capital needs variable. It is therefore my assessment that this is the best OLS regression available for this data.
Interestingly, regression number 2—which seems to be better fit to predict the dependent variable based on R-Squared and F-values—does not include any measure of capital investment, population served, or gallons sold. Though it is possible that parameters like these do not affect affordability, this seems unlikely. Rather, it is probable that these parameters are accounted for within other variables. Capital investment is likely accounted for between the “ASSETS” and “DEBT” variables and also in the “DWREVEXP” revenues minus expenses variable.  A regression of the three variables just mentioned on “AACNEEDS,” (the variable for average annual capital needs) reveals that all coefficients are significant and the regression has an R-squared value of 0.748. “DWREVEXP” has a covariance of 0.82 with “AACNEEDS.” This evidence together suggests that the “ASSETS,” “DEBT,” and “DWREVEXP” variables explain much of the variability in “AACNEEDS,” providing insight into why a parameter for capital spending is not necessary.
The story is similar for “SERVICEPOP” and “DGALLONSOLD.” These two variables were included in the first regression but had very small, statistically insignificant coefficients and were eliminated from the second.  The “CAPACITY” and “ASSETS” variables likely account for why indicators of gallons sold and service population are not necessary. Some analysis reveals that the covariance between “SERVICEPOP” and “CAPACITY” is 0.84 and a regression of “CAPACITY” and “ASSETS” on “SERVICEPOP” has an R-squared value of 0.95. The covariance between “CAPACITY” and “DGALLONSOLD” is 0.87. Therefore, variability of “SERVICEPOP and “DGALLONSOLD” are accounted for within other variables.
“EQUITY” is also removed in regression number 2 because it is explained almost fully by “ASSETS” and “DEBT.” A regression yields an R-squared value of 0.98 and an F-value of over 8,900.
In this cleaner, more concise regression the coefficients on the two contract dummy variables change in opposite ways. The coefficient on the “DWOMM” dummy decreases to an even more negative number and becomes significant at the 1% confidence level. According to this regression, if a water system engages in an OMM contract, affordability is increased by 0.23% of median household income, roughly 41% of the average. The “DWDBO” variable now has a point estimate of -0.018, which would mean it increases affordability by just under 0.02% of median household income. This is a very small value and it is still statistically insignificant so no conclusions can be drawn from this.




	Table 4

	(1)
	(2)
	(3)
	(4)
	(5)

	VARIABLES
	AFFORD
	AFFORD
	AFFORD
	AFFORD
	AFFORD

	
	
	
	
	
	

	DWOMM
	-0.156**
	-0.237***
	-0.473**
	-0.509***
	

	
	(0.0612)
	(0.0587)
	(0.185)
	(0.183)
	

	DWDBO
	-0.0348
	-0.0182
	0.328
	
	0.362

	
	(0.0614)
	(0.0577)
	(0.638)
	
	(0.657)

	OUTSIDE
	0.0297
	0.0133
	0.00625
	0.0107
	0.00975

	
	(0.0378)
	(0.0334)
	(0.0354)
	(0.0339)
	(0.0355)

	SERVICEPOP
	-4.29e-05
	
	
	
	

	
	(8.84e-05)
	
	
	
	

	DGALLONSOLD
	-0.00115*
	
	
	
	

	
	(0.000644)
	
	
	
	

	AACNEEDS
	7.80e-07**
	
	
	
	

	
	(3.11e-07)
	
	
	
	

	EQUITY
	4.27e-08
	
	
	
	

	
	(1.07e-07)
	
	
	
	

	EMPLOYEES
	0.000262***
	0.000181***
	0.000120
	0.000176***
	0.000118

	
	(9.75e-05)
	(5.52e-05)
	(0.000122)
	(5.40e-05)
	(0.000126)

	RDLOW
	-0.0966***
	-0.110***
	-0.116***
	-0.114***
	-0.111***

	
	(0.0337)
	(0.0317)
	(0.0329)
	(0.0318)
	(0.0331)

	RDMID
	-0.111***
	-0.111***
	-0.119***
	-0.109***
	-0.123***

	
	(0.0378)
	(0.0364)
	(0.0447)
	(0.0366)
	(0.0453)

	RDHI
	-0.127***
	-0.134***
	-0.131***
	-0.138***
	-0.124***

	
	(0.0425)
	(0.0394)
	(0.0409)
	(0.0395)
	(0.0406)

	DEBT
	3.23e-07***
	2.10e-07***
	1.97e-07**
	2.28e-07***
	1.60e-07**

	
	(9.68e-08)
	(4.75e-08)
	(7.84e-08)
	(5.45e-08)
	(7.17e-08)

	ASSETS
	-2.10e-07**
	-1.70e-07***
	-1.47e-07**
	-1.77e-07***
	-1.29e-07*

	
	(9.67e-08)
	(3.42e-08)
	(6.75e-08)
	(3.58e-08)
	(6.67e-08)

	CAPACITY
	-0.000283***
	-0.000403***
	-0.000443***
	-0.000416***
	-0.000426***

	
	(0.000105)
	(7.55e-05)
	(0.000102)
	(7.84e-05)
	(0.000104)

	PRIVATE
	0.0646
	
	
	
	

	
	(0.0587)
	
	
	
	

	DWREVEXP
	1.55e-06*
	1.65e-06***
	1.60e-06**
	1.71e-06***
	1.49e-06**

	
	(9.28e-07)
	(6.08e-07)
	(6.22e-07)
	(6.21e-07)
	(6.17e-07)

	MDHI
	-7.73e-06***
	-7.73e-06***
	-8.21e-06***
	-7.77e-06***
	-8.23e-06***

	
	(1.08e-06)
	(9.44e-07)
	(1.30e-06)
	(9.34e-07)
	(1.33e-06)

	Constant
	0.991***
	1.007***
	1.041***
	1.016***
	1.031***

	
	(0.0760)
	(0.0636)
	(0.0830)
	(0.0635)
	(0.0855)

	
	
	
	
	
	

	Observations
	324
	361
	361
	361
	361

	R-squared
F-Value
	0.248
6.06
	0.250
9.97
	0.198
9.28
	0.235
10.49
	0.191
9.65


Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1


	Table 5

	(1)
	(2)

	VARIABLES
	DWOMM
	DWDBO

	
	
	

	CAPACITY
	-2.72e-05
	8.43e-05

	
	(5.40e-05)
	(7.38e-05)

	DEBT
	4.40e-08
	9.10e-08**

	
	(3.09e-08)
	(4.22e-08)

	ASSETS
	-1.99e-08
	-9.25e-08***

	
	(2.40e-08)
	(3.28e-08)

	RDLOW
	-0.0164
	0.0101

	
	(0.0182)
	(0.0249)

	RDMID
	0.00330
	0.0259

	
	(0.0174)
	(0.0238)

	RDHI
	-0.00632
	-0.0243

	
	(0.0204)
	(0.0279)

	OUTSIDE
	-0.00940
	0.0173

	
	(0.0150)
	(0.0205)

	EMPLOYEES
	-6.88e-06
	0.000175***

	
	(3.41e-05)
	(4.67e-05)

	DWREVEXP
	1.40e-07
	3.25e-07

	
	(4.20e-07)
	(5.74e-07)

	MDHI
	1.42e-07
	1.32e-06**

	
	(4.63e-07)
	(6.33e-07)

	WWOMM
	0.286***
	-0.0300

	
	(0.0351)
	(0.0479)

	WWDBO
	-0.00871
	0.197***

	
	(0.0486)
	(0.0664)

	Constant
	0.0110
	-0.0821**

	
	(0.0268)
	(0.0367)

	
	
	

	Observations
	361
	361

	R-squared
F-Value
	0.184
6.56
	0.144
4.87


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Regression number 3 takes concise regression number 2 and applies the instrumental variables method to it in order to account for the endogeneity problem. Whether the water system engages in the same type of contract for wastewater services is used as an instrument. As discussed above in the “Data” section, this likely solves most of the endogeneity problem.  The first stages of this regression are included in Table 5. 
Many different variations of this regression were attempted in order to determine the best. If the instrumental variables method is used on the variables included in regression number 1 instead of concise regression number 2, it yields many small or insignificant coefficients. Additionally, the R-Squared and F-Values are both lower, suggesting it is an overall worse regression. For these reasons, an instrumental variables version of regression 1 was not included in the results.
Though for regression number 3 the coefficients on most of the independent variables remain close to the same, the coefficients on the two potentially endogenous regressors are profoundly affected. Like the change between regressions 1 and 2, the coefficients on the two contract types move in opposite directions, but even further this time. The “DWOMM” dummy now improves affordability by 0.47% of median household income, on average lowering price by 82%. This coefficient is still significant at the 5% level.
 	When the instrumental variables method is applied, the “DWDBO” dummy now takes a positive value of 0.32. This point estimate suggests that by engaging in a DBO contract for drinking water, the price of water will be an extra 0.32% of median household income, a 56% price gain over the average of 0.57% of median household income. However, the coefficient is not statistically significant, so nothing can be concluded from this.
It is notable that for this regression the R-squared value drops to 0.19 from 0.25, suggesting that, with the endogeneity problem reduced, not as much of the variability in the data is accounted for. Additionally, the F-value drops to 9.28 from 9.97, so the coefficients are not as strong overall.
 	The first stage regressions reported in Table 5 reveal that the instruments are each significant in one of the first stages. For the “DWOMM” regression, no other variables are significant while for the “DWDBO” regression “DEBT,” “ASSETS,” “EMPLOYEES,” and “MDHI” (median household income) are also significant. The F-Values of the first stage regressions, 6.56 and 4.87, suggest that though these are relevant instruments, they are not extremely strong. It is therefore possible that this instrumental variables regression may be biased in the direction of OLS.
Regressions 4 and 5 are both instrumental variable regressions but take the potentially endogenous regressors one at a time, allowing for a clearer view of what caused regression number 3 to be weaker.  This reveals that regression number 4, which involves instrumenting for the “DWOMM” variable and dropping the “DWDBO” variable, is much closer in R-squared value (0.235) and has a higher F-value (10.49) than the best OLS regression (number 2). On the other hand, regression number 5, which instruments for “DWDBO” and drops “DWOMM” is the weakest aside from number 1, with an R-squared of 0.191 and an F-Value of 9.65. This suggests that either there is not enough data on DBO type contracts or their effect on affordability can be quite ambiguous, which is dragging down the power of the original instrumental variables regression. The point estimate of “DWDBO,” is even larger in regression number 5, having a positive coefficient of 0.36. Despite this large point estimate, however, the standard error on the “DWDBO” coefficient is also very large. The coefficient is not significant at any reasonable level. For this reason little can be concluded about these DBO contracts. 
A Hausman test was run to determine whether endogeneity could be proven statistically. The test was run on the coefficients comparing the ordinary least squares regression in column 2 with the instrumental variable regression in column 3. The resulting chi squared value was 1.76 with six degrees of freedom. The probability of being greater than this specification is 0.94 and therefore the null hypothesis of the difference in the coefficients being not systemic could not be rejected. Based on this hausman test, it cannot be proven with statistical certainty that one of regressions is inconsistent. 
This lack of statistical evidence for endogeneity could be due to the fact that while the treatment coefficients are affected by running the instrumental variables regression, the other coefficients remain similar to their OLS values. As the Hausman test is on all coefficients, the effect of controlling for endogeneity is diluted because of this. However, a Hausman test on OLS and IV regressions of just the treatment variables on affordability still yields a probability of 0.27 of being greater than the chi squared value. As discussed above, though the instruments are certainly relevant, it is possible they are weak, biasing the IV regression in the direction of OLS, which could account for this Hausman test result.  Another reason for this result may be—as discussed above—that the effect of a DBO contract on drinking water affordability is very imprecisely estimated.
5. Discussion
The results of this investigation suggest that municipalities that engage in OMM type contracts in the United States are able to harness some of the benefits of PPPs without compromising interests of the public.  Controlling for the endogeneity of contract choice with these types of contracts proved important but made the effect only more distinct, confirming this was likely the true outcome of the contract. This falls in line with literature that points to increased efficiency under PPP contracts due to access to technical expertise and established networks.
The evidence is far less clear on the DBO infrastructure investment type contracts. Though the point estimate of the ordinary least squares regression is slightly negative, which would increase affordability, the instrumental variables regression tells a different story. Once endogeneity is controlled for, the point estimate on the DBO type contract suggests it decreases affordability. However, the standard errors are always large enough that the results are not significant. Therefore, little can be concluded about these types of contracts.
As discussed in the data section, the selection bias under representing small systems is likely only to understate increased affordability from privatization contracts. With this in mind, it is still reasonable to conclude that OMM type contracts increase affordability, as at worst, their effects would be understated. However, keeping this bias in mind adds an additional note of caution for concluding that the decreased affordability point estimate for DBO contracts has any validity. Even if the standard error were not so large this bias might call into question whether it was safe to conclude that DBO type contracts decrease affordability because this bias may understate any savings from this type of contract. In sum, while the effect of the bias on OMM type contracts should not call into question its effect, this potential effect only reinforces how inconclusive the findings are on DBO type contracts. 
Though I cannot reject the possibility that the OLS estimates are valid, attempting to control for endogeneity tended to overstate the savings from DBO type contracts and understate the savings from OMM type contracts compared to the OLS estimates. The effect of controlling was much greater on the DBO type contracts. This provides evidence as to exactly what type of endogeneity problem was present, indicating that it was more likely a problem of the first type mentioned in the data section. To review, the first type of problem was one that arose from the possibility of an unobserved variable being correlated with only drinking water contract type and drinking water affordability. “Coastal Location” is an example of an omitted variable that might have been in this category.  It makes sense that variables like these could have a greater effect on DBO type contracts, especially “Coastal Location,” as many DBO contracts are for desalination plants. The second type of endogeneity problem was one arising from the possibility that an unobserved variable might be correlated with both drinking water and wastewater contract choice and drinking water affordability. The types of unobserved variables that might make up this category likely affect much broader contract types because they have to be broader to affect both drinking water and wastewater. A probable example of this type of unobserved variable, “Water Trustee Attentiveness” would definitely affect both contract types in a similar way. Because the controlling for endogeneity affects these contract types in different ways, it seems more likely that the unobserved variable was not a broad one across contract types like the second type. Rather, this is evidence that it was a problem of the first sort. As the first type of problem would indeed have been solved by this instrumental variables regression, it seems more likely that the endogeneity problem was largely accounted for.
Interestingly, including contract length in the regression provided very small, statistically insignificant coefficients. This is possibly because the sample size is too small or simply because contractual length does not vary greatly in the United States so an accurate coefficient is difficult to obtain. Additionally, it may just not be a contributing factor to drinking water affordability in the United States. 
6. Conclusions
The results presented here are very interesting when compared with the findings of Chong et al. (2006). Studying PPPs in France, these researchers find that all contract types studied increased prices for consumers. However, they also find that not controlling for endogeneity overestimates the savings from public management of the water system. Though these researchers did not study DBO type contracts, the comparison of results on OMM type is still valid. The French contract type most like OMM increased prices by a significant amount. 
The reason for the difference in outcomes between this study and theirs could be due to a number of factors. As Chong et al. note themselves, their data does not concern contractual details such as length, penalties, price provisions or other controls. As my data has the same shortcomings—with the exception of contract length—it is possible that the details of these contracts account for the greatly different effects they have. 
More likely, the difference in outcomes between these studies points to the great importance of accounting for institutional differences when assessing PPPs. The regulatory structure and precedent in France for private management of utilities compared to that of the United States may account for the disparity between results.
My findings also highlight the importance of attention to detail with respect to contract types. So much research groups PPPs into one large category to be assessed and does not consider the different kinds. My results can conclude little about DBO contracts while it seems clearer that OMM contracts increase affordability. What can be learned from this is that grouping all PPPs together for evaluation may not always be most accurate.
With this in mind, more research needs to be done to differentiate even further what makes a successful versus unsuccessful partnership. If data could be collected that includes contractual detail like those mentioned above—including duration, price provisions, penalties, and other controls—this would provide great insight and explanatory power in identifying what makes a contract work.
Additionally, little empirical work has been done on the effect of PPPs on water quality. Though there are instances of PPPs increasing water and service quality, there are also some case studies in the developing world and France that show PPPs have decreased service quality. This can be a concern, especially if PPPs are evaluated by their price or affordability because it is possible that compromising quality could lead to cost savings. Obviously, taking account of these quality decreases would change the assessment of PPP performance.
Scott Wallsten and Katrina Kosec (2006) examine the effect of water system ownership (public or private) on number and type of EPA Safe Drinking Water Information System violations. Though they find little effect on violations, they do cite the fact that including data on PPPs might be enlightening.[endnoteRef:25] This is possible, as the 2006 EPA Community Water System Survey distinguishes systems that are publicly owned but operated by a contractor and the two datasets can be matched. [25:  Wallsten, Scott and Katrina Kosec. “The Effects of Ownership and Benchmark Competition: An Empirical Analysis of U.S. Watersystems.” International Journal of Industrial Organization. 2006.] 

Finally, I would like to emphasize once again that these results should not be applied to PPPs—or contract types in general—outside of the United States. Though noting that in the United States OMM type contracts were shown to increase affordability is a useful conclusion, the much larger and more important conclusion to be drawn from this work is that the great many permutations of types of PPPs as well as institutional differences in where they are applied can make all of the difference in their outcomes. Both the difference in conclusions about DBO versus OMM type contracts as well as a comparison between my outcomes for OMM type compared to other researchers’ reinforces this crucial point.
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