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How do property rights affect the provision of collective goods 
under conditions of missing information and path dependence? 

      Eduardo Araral 

I.
INTRODUCTION 
There exists a substantial literature on the effects of formal property rights on private goods, for example de Soto (2000), Galianni and Schargrodsky (2005), Besley (1995), Jacoby et al. (2002), Brasselle et al. (2002) and Do and Iyer (2002). However,  little is understood about how formal property rights affect the provision of collective goods under conditions of missing information and path dependence.  
I examine this question using a natural experiment with a data set on 2,056 irrigation systems in the Philippines. Specifically, I test the null hypothesis that formal and secure property rights to land have no effect in the provision of collective goods in the presence of imperfections in rural land markets. The alternative hypothesis is that we should expect to see a statistically significant and inverse relationship between security of land tenure and the incidence of monetary free riding in irrigation, ceteris paribus. The reason for this is that security of land tenure lowers the discount rates of farmers thus creating an incentive for them to invest in the long term, including the willingness to invest in a collective good such as the maintenance of irrigation facilities. Economists also refer to this as the rate of time preference which is the degree to which resource users consider the future in their current extraction activities.

Most of the studies on the effects on formal property rights have focused on land titling, agricultural investments and credit. For instance, De Soto (2000) has argued that formal property systems, such as those in the West, produce six effects that allow their citizens to generate capital:  1) they fix the economic potential of assets which allow for the exploration of their productive aspects; 2) they integrate dispersed information into one system making an asset’s potential easier to evaluate and exchange thus enhancing the production of capital; 3) they make people accountable – through the integration of dispersed information – thereby broadening opportunities for impersonal exchange; 4) they make assets fungible which endows their owners an enormous advantage in that they can adapt their assets to any economic circumstance to produce continually higher valued mixtures; 5) they network people - by making assets fungible, by attaching owners to assets, assets to addresses and ownership to enforcement and by making the history of assets and owners easily accessible – and thus facilitate exchange; and 6) they protect transactions – through the integration of dispersed information – thereby allowing citizens to move large amounts of assets with very few transactions.

Galianni and Schargrodsky (2005) empirically examined the effects of formal land titling on poor household in Argentina and find that formal titles create incentives for poor households to increase their investments on housing and education but have modest effects on credit access and no effect on labor income. 


The effects of land titling on agricultural investment was examined by Besley (1995), Jacoby et al. (2002), Brasselle et al. (2002) and Do and Iyer (2002) while other scholars such as Feder et al. (1988), Place and Migot-Adholla (1998), Carter and Olinto (2002), and Field and Torero (2003) examined its effects on access to credit.

On the other hand, the literature on land tenurial rights and collective action has also not adequately addressed this question. For instance, the literature typically revolves around the following three themes (see Meinzen-Dick, et al. 2002; Place and Otsuka 2001): 1) the complexities of property rights and the components of tenure security; 2) the need to understand property rights and collective action as dynamic institutions that change in response to a number of factors including 
population density, resource scarcity, and market access; and 3) the importance of property rights and collective action between socially differentiated groups.

Other scholars – using single case studies - generally note the positive links between formal property rights and collective action in irrigation. Coward (1986), a noted irrigation scholar, suggests that property rights - such as the ownership of irrigation facilities and/or water rights - form the basis for the relationships among irrigators in small communal systems, which then become the social basis for collective action among farmers in performing various irrigation tasks. 

This view is supported by Yoder (1994) who reports that, in the case of communal irrigation in the Philippines, Indonesia, and Nepal, farmers who have contributed to system construction typically own shares in the system’s infrastructure and water rights, along with corresponding responsibilities for ongoing maintenance. 
Meinzen-Dick et al. (1999), however, suggest that secure property rights alone are not a sufficient condition for collective action. They cite the case of farmers in Pakistan and India who often do not acknowledge ownership of the water courses because they do not value the property and did not participate in its creation or financing.

This article tests the null hypothesis that secure property rights to land have no statistically significant effect on collective action. Statistical results suggest that 
Importance of Study 

The research question is important for a number of reasons. First, irrigation is crucial to the overall economic development of developing countries. In particular, irrigation in these countries is crucial to food security, poverty alleviation, livelihood generation as well as in stabilizing food prices and inflation levels in general.  There are also strong, positive interactions between irrigation and the other major sources of agricultural growth: fertilizer, improved seed, better husbandry, integrated pest management, and better integration into markets (World Bank, 1993).
             Second, irrigation is the largest recipient of public agricultural investment in the developing world and a major recipient of public operating subsidies. The World Bank alone has invested $31B (in constant dollars) from 1950s to the 1990s in irrigation projects, equivalent to seven percent of its total loans for the period.  However, the World Bank (2002) also notes– based on its experience from the 1950s to the 1990s – that the O&M of public irrigation systems remain a pervasive problem in many developing countries.  In an earlier paper on this subject, I characterize this as the vicious cycle problem in irrigation. Public irrigation systems suffer from chronic underinvestment in maintenance in part because farmers do not pay for their O&M – a collective good. In countries where farmers are charged with O&M cost, persistently low collection of irrigation fees is a common problem due to the high incidence of free riding. This free rider problem, however, is not unique to irrigation maintenance but is likewise a pervasive problem among developing countries in the O&M of local public goods such as water supply and sanitation and rural roads as well as the conservation of local common pool resources such as forestry, watersheds, fisheries and grasslands.   

II.
RESEARCH METHODS

In this section, I describe my research methods including my population and study site, variables, data sources and data gathering, and measurement reliability issues as well as how they were addressed. 
Population and Study Site 

I chose the Philippines as a study site because its irrigation development shares a similar history with that of many other developing countries (Briscoe 2002; Vermillion 2002). For instance, most Asian countries went through similar periods of irrigation construction and incremental improvements in varying degrees, including farmer participation and collection of fees. Like the Philippines, irrigation development in these countries was mainly funded by foreign aid and politically supported by national governments during the period of the “green revolution” in the 1970’s.  Thus, the irrigation issues that the Philippines face are generic to developing countries in Asia 
Variables and Measurement
An operational definition of the dependent and independent variables used in the study is shown in Table 1. The dependent variable – the provision of a collective good particularly payment for the O&M of the irrigation system - is represented by the proxy variable free riding – coded as FREE RIDE- and is measured by the proportion of unpaid irrigation fees by the irrigation association (IA). Unpaid irrigation fees represent the difference between total fees collectible from an IA less the actual amount collected. Higher values suggest a higher incidence of free riding and a lower provision for the collective good.

Table 1 - Operational definition of variables

	Variable Code / Type /
Description 
	Coding and Measurement

	$FREERIDE -  (dependent variable); free riding in the payment of irrigation fees; a proxy measure of the provision of a collective good 
	Measured by the proxy variable percentage of unpaid irrigation fees. Unpaid irrigation fees = total fees collectible from an irrigation system less the actual amount collected divided by total fees collectible. Higher values suggest higher incidence of monetary free riding. 

	LABOR FREERIDE (dependent variable)
	The proportion of farmers in the irrigation system who free ride in the provision of labor for the maintenance of the system as recorded by the irrigation association

	LAND TENURE (Independent variable) - a proxy measure of property rights in the irrigation system
	Tenure  =   No. of farmers with secure land tenure 

                  Total number of farmers in irrigation system
Farmers with secure tenure refer to landowners/mortgage holders. 

	WAT_SCRCT 
Water scarcity 
	Measured by the proxy variable cropping intensity with lower values indicating water scarcity (i.e. farmers are not able to plant the whole year round during the wet and dry season because of water shortage). Cropping intensity is measured as follows:
Cropint= Irrigated Area (Wet) + Irrigated Area (dry) X 100
                               Total Service Area

	IRRIG SIZE 
Irrigation service area 
	Size of the irrigation service area  (in hectares) under the responsibility of the irrigation association 

	PROXIMITY 
Distance of the irrigation system from the provincial market center
	Coded 1 if irrigation system is more than one hour away from the provincial economic center; 0 otherwise.

	INFRACON 

Infrastructure Condition


	Infracon =  No. of  functional infrastructure  X 100

                   Total no. of infrastructure in a system

Infrastructure includes head works, turnouts, canals and roads at all levels of the system. Functional refer to engineering standards. 

	AGE of IA 
Age of irrigation association (IA)
	 Age as of 2002 in years old as reckoned from date of incorporation with the Securities Commission. 

	GRPSIZE 

Number of appropriators
	 User size is measured by the number of farmer appropriators at the level of  the  turnout service area  (tertiary canals).

	FARM SIZE 
	Refers to the size of farm holdings by farmers in the irrigation system measured in hectares

	ORIGIN-IA 

Origin of the irrigation association 
	Origin = coded as 1 if IA existed before the construction of the               irrigation system (i.e. self organized); coded as 0 if otherwise.

	COMMUNICATION
Frequency of face to face communication  
	Coded as 1 if structured meetings / face-to-face communications are held once by the irrigation association; else  0 

	GOVERNANCE
Governance structure of the irrigation system 
	Coded as  1 if   the governance of the irrigation system is effectively controlled by the irrigation association (i.e. the IA holds the  right   to access, manage,  withdraw water, to  exclude others as well as  autonomy in fiscal matters; also measures if  IA is federated at all levels of system);  Coded  0  otherwise. 


The explanatory variable – property rights in the form of land tenure security – is measured as the proportion of farmers in the irrigation system with formal titles to their lands either as landowners or mortgage holders. Other explanatory variables - such as the physical characteristics of the irrigation system, the characteristics of the IAs and farmers and other micro institutional factors - were chosen on the basis of a theoretical analysis of the literature on collective action and irrigation (see Agrawal, 2002; Pranab and Dayton- Johnson, 2002). 

I collected a cross section data (2002) for the entire population of 2,056 irrigation associations (IA) in all of the 196 large scale public irrigation systems in the Philippines. The data sets - obtained from various departments of the  National Irrigation Administration (NIA), the government agency responsible  for irrigation in the Philippines - describe the physical characteristics of the irrigation systems,  the characteristics of irrigation associations and farmers, as well as key institutional variables including the distribution of property rights to land and water resources in the irrigation system. These data sets are routinely collected by NIA as part of its operations. To determine the reliability of these data sets, I did two rounds of ground-truthing and concluded with a reasonable degree of confidence that the data sets obtained from NIA  are not systematically biased and that measurement errors can be presumed to be random. 

An OLS regression analysis was performed for the continuous variable $FREERIDE while a logit regression was done for the binary variable LABORFREERIDE.  Both models were tested for their robustness using standard tests for multicollinearity, heteroskedasticity, and simultaneity.

III.
RESULTS 

The descriptive statistics of the variables I examined are summarized in Table 2. 

Table 2 – Descriptive statistics
	Variable
	N
	N*
	Mean
	St Dev
	Minimum
	Median
	Maximum

	$FREERIDE
	1636
	322
	42.647
	19.101
	0
	40
	85

	WAT_SCRT
	1746
	212
	59.41
	53.85
	0
	45
	200

	IRRIGSIZE
	1911
	47
	284.36
	206.34
	13
	229
	1162

	INFRACON
	1953
	5
	55.693
	23.541
	7
	53
	100

	AGE of IA
	1788
	170
	12.875
	7.198
	0
	12
	97

	AGE_REG
	1788
	170
	1989.1
	7.2
	1905
	1990
	2002

	GRPSIZE
	1769
	189
	181.42
	110.33
	5
	155
	618

	FARMSIZE
	1910
	48
	1.4424
	0.6077
	0.1
	1.3
	4.3

	LANDTENURE
	1787
	171
	61.007
	23.582
	0
	61
	100

	LANDTEN*WAT_SCRT
	1958
	0
	2987.9
	3782.1
	0
	1245.5
	20000


On average, the incidence of free riding in the payment of irrigation fees during the period 2002 is around 43 percent. This finding is consistent with the ten year average of 45 percent. A majority of farmers – 61 percent on average – have security of land tenure (i.e. with formal titles), either as land owners or as mortgage holders. Most of these farmers were beneficiaries of land reform in the 1970s. There are on average 181 farmers per turnout service area, the smallest unit in the irrigation system, served by tertiary canals. The average farm size is small at 1.44 hectares but some farmers can own multiple parcels. Leasing of land among farmers is also a common practice but is fraught with problems because of a weak system of land registries in rural areas.  Most irrigation systems are located more than one hour away from the nearest market centers.  About half of irrigation facilities in turnout service areas are functional by engineering standards (i.e. functional in terms of controlling and conveying water).  The average age of IAs is 12.8 years old with a standard deviation of 7.19. Majority of the IAs are male dominated since the rule specifies, in a patriarchal context of rural Philippines, that only the head of the family can be a member of the association. The size of the IA, on average is 181members with a standard deviation of 110. The average size of farms is 1.44ha with a maximum of 4.3.
I tested the null hypothesis that formal property rights to land have no effect in the provision of collective goods – in this case monetary and contribution to the O&M of an irrigation system. The alternative and conventional hypothesis is that we should expect to see a statistically significant and inverse relationship between security of land tenure and the incidence of monetary free riding in irrigation, ceteris paribus. Table 3 summarizes the results of correlation analysis while Table 4 summarizes results of the OLS regression. Regression analysis was performed controlling for the governance structure of the irrigation system: i.e. a whether the system was government or farmer controlled.
	Table 3: Correlation analysis

　
	　
	$FREERIDE 

	LABORFREERIDE
	r
	-0.027

	　
	p-value
	0.299

	COMMUNICATION
	r
	-0.077

	　
	p-value
	0.002

	WAT_SCRT
	r
	0.379

	　
	p-value
	0

	IRRIGSIZE
	r
	0.117

	　
	p-value
	0

	PROXIMITY
	r
	0.004

	　
	p-value
	0.878

	INFRACON
	r
	-0.026

	　
	p-value
	0.288

	AGE of IA
	r
	-0.051

	　
	p-value
	0.049

	GRPSIZE
	r
	0.076

	　
	p-value
	0.003

	FARMSIZE
	r
	0.134

	　
	p-value
	0

	ORIGIN_IA
	r
	-0.059

	　
	p-value
	0.017

	GOVERNANCE
	r
	-0.205

	　
	p-value
	0

	LANDTENURE
	r
	0.166

	　
	p-value
	0

	GOV*COMM
	r
	-0.194

	　
	p-value
	0

	LANDTEN*WAT_SCRT
	r
	0.316

	　
	p-value
	0


Table 4: OLS regression in government controlled irrigation systems
1053 cases used, 415 cases contain missing values

Predictor          Coef   SE Coef      T      P    VIF

Constant         19.579     2.823   6.94  0.000

COMMUNICATION    -1.935     1.369  -1.41  0.158  1.024

WAT_SCRT        0.14110   0.01067  13.22  0.000  1.070

GRPSIZE        0.017046  0.004977   3.42  0.001  1.061

FARMSIZE         2.9477    0.9052   3.26  0.001  1.106

LANDTENURE      0.10681   0.02218   4.82  0.000  1.019

INFRACON        0.04319   0.02336   1.85  0.065  1.022

Correlation analysis shows that face to face communication, water scarcity, irrigation size, age of the IA, farm size, origin of the IA, governance structure of the irrigation system and land tenure, all have a statistically significant effect on the provision of collective goods. 

Results of the OLS regression in government controlled irrigation systems suggest that land tenure security and water scarcity have positive and statistically significant (0.05) effects on monetary free riding. Ceteris paribus, a unit increase in water scarcity leads to a 0.14 increase in monetary free riding while a unit increase in land tenure leads to a 0.10 unit increase in monetary free riding. This result is surprising and departs from the conventional view exemplified by Olson’s (1965) privileged group hypothesis. According to this hypothesis, in large group settings, a small group of privileged individuals will cooperate to provide for the public good. 
In farmer governed irrigation systems, land tenure security also has a positive and statistically significant (0.10) effect on monetary free riding and the results are also robust.  Table 5 summarizes these results.
Table 5: OLS regression in farmer governed irrigation systems

214 cases used, 43 cases contain missing values

Predictor         Coef  SE Coef      T      P    VIF

Constant        34.027    5.343   6.37  0.000

LANDTENURE     0.07256  0.04360   1.66  0.098  1.009

COMMUNICATION    2.664    3.788   0.70  0.483  1.008

LABORFREERIDE   -8.493    3.105  -2.74  0.007  1.006

What could possibly explain the positive and statistically significant level of free riding among farmers with secure land rights?  I suggest two plausible causes: 1) missing information on the irrigation land market; and 2) path dependence resulting from land reform in irrigated lands in the 1970s. I elaborate on these two factors in the next section. 
Missing information
One possible explanation to the positive and statistically significant level of free riding among farmers with secure land rights has to do with missing information on the irrigation land market in the Philippines: there are no formal, updated and accessible land registries in irrigation systems in the Philippines. As a result, there are no records of liens or record of obligations of irrigation fees when irrigated lands are transferred from one owner to another which leads to post-contractual opportunism in the payment of irrigation fees.
Although irrigation laws provide that liens will be imposed on land titles that renege on the payment of irrigation fees, the supporting enforcement institutions are absent. Without this land registry, there is little way for NIA or the IA to systematically monitor land ownership or usufruct transfers that come with a dynamic informal land market and the high levels of leasing and informal transfers practiced by farmers. Without the land registry to serve as a monitoring instrument of ownership transfers, there is little credible enforcement to talk about and the incentive to free ride or renege on obligations becomes strong.

Informal rural land markets often results in disagreements – post hoc – between contracting parties over who should be responsible for the payment of irrigation fees in the case of amortized lands. This usually happens when amortization payments are interrupted or stopped because the farmer is unable to make such payments. A farmer selling his/her farm to another farmer does not have the incentive to declare that such land has a lien attached to it in the form of arrears in irrigation fees. This is particularly true when arrears pile up and become prohibitive considering that in a typical farm household budget irrigation fees alone eat up 10 percent of the farmer’s net income.  The new owner may simply disclaim any outstanding dues while the past owner may have already sold the land without NIA’s knowledge.
Furthermore, the high cost of enforcement – the investigation and documentation of cases, filing of formal complaints, issuance of summons and notices, hearing and adjudication and all the requirements of a due process – often exceeds the costs of the contested amounts.  Unless the amounts to be recovered are substantial, NIA has little incentive to file individual cases involving a large number of small farmers given the high costs of enforcement.  When added up, however, these small cases mean substantial amounts to NIA. 
Path Dependence

Another plausible reason to account for the positive and significant correlation between security of tenure and free riding in the Philippines has to do with the path dependence arising from land reform of irrigated lands in the 1970s. 

Hayami and Otsuka (1991) argue that path dependence shaped by the historical dynamics of land reform in the Philippines has influenced the incentive structure of former tenants-now-turned land owners in such a way as to create incentives that encourage free riding in the payment of irrigation fees.
In 1972,   a massive land reform program in rice and corn areas was launched by the President Marcos as part of his martial law project.  The program redistributed property rights in land, regulated land rents, fixed amortization payments and thereby transferred substantial wealth to former share tenants. To avoid the emergence of a form of new tenancy, land reform beneficiaries were not allowed to lease their lands to tenants. 

    
Alongside land reform, programs to improve productivity were launched. This included expansion of access to credits and crop insurance, expansion of irrigation areas, price and marketing support, use of high yielding varieties and fertilizers, improvements in post harvest technology and construction of farm to market roads. As a result, paddy yields more than doubled from less than two tons/ha in the early 1970s to about four tons/ha in the mid-1980s.  

Together with fixed land rents and amortizations, the dramatic increases in yield and price subsidies created a windfall for land reform beneficiaries (Otsuka 1991).  As a result of higher incomes, they were able to initiate non-farm businesses such as small trades. Many farmers were able to send their children to school, the result of which is a higher preference for urban and leisure occupations to the detriment of the supply for farm labor. Out of this emerged a high demand to substitute hired labor for the erstwhile family labor in rice farming operations.  

    
Because of the prohibition to lease lands to tenants, the new landowners adapted new forms of labor contracts to fill in the decreasing supply of family labor.  Traditionally, rice farming depended on short-term labor contracts hired on a daily wage basis. These contracts covered seasonal activities such as rice transplanting and harvesting.  The introduction of shorter varieties necessitated the regular weeding of the farm and thus the introduction of a new contractual arrangement called “gama”. In such an arrangement, workers obtain exclusive harvesting rights and receive shares over the areas that they were responsible for weeding.

          Other farm activities which are more difficult to monitor and require care and judgment, such as fertilizer and chemical application and water control, are left to the farm owner.  These activities are spread out during the three months of the cropping season and they can be unpredictable.  To reduce the costs of supervision,  as well as reduce labor effort on the part of the owner,  it is often more efficient to have a tenancy contract with a worker  who will be responsible for all tasks in farming in return for a fixed share of the harvest. From a transaction-cost perspective, this makes perfect sense. Instead of hiring casual, short-term labor to do the periodic and sensitive tasks, a land owner is better off engaging in long-term labor contract in order to reduce the cost of searching and monitoring associated with short term labor. These long term labor contracts are essentially founded on a patron-client relationship and can be regarded as a form of semi-tenancy arrangement (since full tenancy is prohibited under the law).  This form of contractual arrangement is known as “kasugpong” in the northern and central parts of Luzon, the main rice producing regions in the Philippines.  In the vernacular, “kasugpong” means “a helper within the family” (Hayami and Otsuka 1991).  



 The kasugpong type of labor contracts or semi-tenancy arrangement is appealing to landowners:  they can now withdraw from the hard work of rice farming and still get to keep their land titles and retain the lions share from rice harvests.  This wealth-induced detachment is conceptually different from the wealth induced exit options argued by Bardhan and Johnson (2002), for the reason that rich farmers in irrigation systems in the Philippines – as the general case – do not totally exit from irrigated farming. Reasons are varied such as sentimental; other are speculative particularly in systems close to urban centers; another reason is economic since large-scale rice farming when integrated with post harvest and marketing can still be profitable; for others, farming is a retirement hobby; a form of insurance and for a host of other reasons. 
Indeed, wealth-induced detachment makes adherence to and enforcement of community norms more difficult. I suggest that this detachment is one plausible explanation why there is a positive and statistically significant relationship between secure land tenure and a high incidence of free riding.

IV.
Conclusions and Implications
I tested the null hypothesis that formal property rights to land have no effect in the provision of collective goods – in this case monetary and contribution to the O&M of an irrigation system – in the presence of imperfections in rural land markets. The alternative and conventional hypothesis is that we should expect to see a statistically significant and inverse relationship between security of land tenure and the incidence of monetary free riding in irrigation, ceteris paribus.

Results of the OLS and logit regressions in both government and farmer controlled irrigation systems suggest that land tenure security has positive and statistically significant effects on monetary free riding. In irrigation systems where there is a higher percentage of farmers with secure land tenure, monetary free riding in the payment of irrigation fees also tend to be higher. This result is surprising and departs from the conventional view exemplified by Olson’s (1965) privileged group hypothesis which suggests that in large group settings, a small group of privileged individuals will cooperate to provide for the public good.
To explain these results, I suggest two plausible causes: 1) missing information in the irrigated land market in the Philippines; and 2) the effects of path dependence of land reform undertaken in the 1970s in irrigation areas which created incentives for land owners to free ride. 

These findings suggest that formal titling alone is not a sufficient condition to address the problem of collective action in irrigation without also addressing the institutions supporting the functioning of a dynamic rural land market, for example the importance of land registries and enforcement costs.
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