Heterogeneity in Power Status and Its Effect on Rule Compliance in Self-governed Irrigation Systems 
Els Lecouterea , Ben D’Exelleb, and Bjorn Van Campenhoutc

DRAF – June 2009 – Please do not cite

Abstract
The effect of users’ heterogeneity in power status on decentralized governance of common pool resources is understudied. As power matters more when resources are scarce, the combined effect of power differences and resource scarcity on the success in sustainably and equitably governing common pool resources is to be studied. Successfully tackling appropriation challenges in self-governed irrigation systems depends on users’ compliance with rules and sanctioning mechanisms. Users are expected to differ in compliance and in their reaction to scarcity according to their power status. To test this, a field experiment was conducted in Tanzania with users of self-governed irrigation systems of whom a proxy measure for relative power status was obtained via a participatory ranking exercise. Compliance to equally sharing resource units is the norm even under scarcity. But upstream users with a high power status are more likely to shirk than those of low power status, especially under scarcity. Moreover, low power status users who shirk appropriate only slightly more than half of the resource units. Surprisingly, sanctioning by the downstream user does not often invoke rule compliance especially not when water is scarce and least among upstream users of low power status. Lastly, in times of scarcity, low power status downstream users are less likely to comply with sanctioning than others. Overall, low power status users act cautiously which affects their claim on resources.
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Introduction
Power heterogeneity is one of the key determinants for resource access and resource distribution in self-governed common pool resource systems. Yet, heterogeneity in relative power status of common pool resource users and its effect on successfully dealing with appropriation challenges in common pool resource systems has been scarcely addressed. Nevertheless, successfully addressing appropriation challenges in self-governed common pool resource systems like small-scale irrigation systems in semi-arid areas of developing countries is essential. First of all, irrigation water contributes considerably to food security
. Secondly, growing market penetration in rural communities increases the value of irrigation water as it is increasingly used for production of cash crops destined for local markets. Another evolution raising the value of irrigation water is climate change which affects the predictability of rainwater availability in these regions.  When the value of the resource rises, successful governance of common pool resources becomes even more challenging and power heterogeneity matters even more (Platteau, 2005). Thirdly, the likelihood of resource conflicts rises when resource values increase. In addition, when access to resources is unequally distributed and this coincides with social inequalities, socio-economic processes of rent-seeking and exclusion, this creates the potential for social conflict and political violence (Mazrui, 1995; Wimmer, 1997; Azam, 2001; Le Billon, 2001; Carment, 2003: in Bogale and Korf, 2007), especially in context where local institutions of resource governance have more legitimacy than the state (Bogale and Korf, 2007). 

Successful common pool resource governance and its determinants

Locally constructed, small scale irrigation systems in semi-arid areas in developing countries are often governed as common pool resources (CPR) by the appropriators. What determines whether common pool resources are successfully governed or not has been subject of debate for a while. But currently, there is more or less consensus that successful self-governance is more likely when the resource is only modestly scarce and when changes in the resource stock and flow are relatively predictable and reliable. Furthermore, successful CPR self-governance is more likely when appropriators have achieved levels of trust and longer time horizons for using the resource. Also autonomous rule setting has to be possible to some extent but success will partly depend on the costs and benefits for those who are able to set and change the institutional rules (Varughese & Ostrom, 2001: p748). 
Governing provision of irrigation water mainly depends on sustainable management of the resource system, the complex of irrigation canals in this case. Organizing sustainable management of the common resource system without external coercion is largely a collective action problem. Governing appropriation of resource units is subject to other challenges which will be the focus of this essay. Attaining fair and sustainable distribution of resource units is particularly challenging as resource units are rivalrous and exclusion can be costly. The hierarchical psychical interdependence of up- and downstream appropriators in irrigation systems is an additional challenge. when rent dissipation is contained, uncertainty reduced, distributive conflicts limited and unsustainable appropriation levels avoided, appropriation of common pool resources is taken to be successfully governed (Ostrom, 1990).
When common pool resources are self-governed by the appropriators, decisions on appropriation of resource units are often left to the individual appropriator (Baland and Platteau, 2007). In Hardin’s seminal example of self-governed appropriation of common pasture this lead to a tragedy (Hardin, 1968). Yet, it is proven that number of self-governing user communities successfully dealt with the challenges and managed to avoid overexploitation and distributive conflicts (Ostrom, 1990; Bardhan and Dayton-Johnson, 2007). Opportunistic and selfish appropriation decisions can be prevented to some extent if appropriation is guided by norms, rules and social sanctions that are adopted by the user communities. But the problem of commitment to these norms, rules and sanctions remains as self-governing user communities do not rely on an external enforcer. Mutual monitoring can ease the problem of commitment to some extent in these communities (Ostrom, 1990).
Next, abandoning the assumption of homogenous communities and refuting the assumption that community heterogeneity is necessarily detrimental for successful common pool resource governance. A large body of literature has been attributed to the impact of community heterogeneity on common pool resource governance. This literature still has no clear-cut answer. Part of the confusion is due to the fact that different challenges of common pool resource governance are looked at, different sources of community heterogeneity are researched, and different measures for success are used. To disentangle knots, it should be well defined what challenge of common pool resource governance is studied. Furthermore, it is essential to be clear about the definition of successful common pool resource governance and about the type of community heterogeneity (Ruttan, 2008). In what follows, we delineate the challenges that will be studied and the measure of success that will be used in this essay. Then we will review the literature dealing with the effect of community heterogeneity on successfully governing resource appropriation in common pool resource systems. 

First, governing common pool resources is faced with three main challenges: institutional design, provision and appropriation. Cooperation and collective action will be of importance for institutional design. Provision also mainly depends on collective action. Rule conformance and sanctioning will play a role as well. Dealing with appropriation challenges in decentralised CPR systems however depends on users’ rule conformance, mutual monitoring and compliance to sanctioning mechanisms. Our focus will be on these challenges.
Second, Ruttan (2008) distinguishes between two main measures for success of common pool resource governance. The first category measures success of collective action and assesses the degree of participation in collective action or the extent of rule compliance. The second category includes measures of the extent to which collective goods are provided and looks at abundance, sustainability, quality of the resource or sufficiency of management institutions. The degree of institutional supply and adaptability of regulatory regimes also falls under this category (Ostrom, 1990; Bardhan and Dayton-Johnson, 2002). Ruttan (2008) does not, however, distinguish between success in tackling provisioning problems and success in tackling appropriation problems. We believe such a distinction can further contribute to disentangle the relation between community heterogeneity and successful common pool resource governance. Direct measures for successfully dealing with appropriation challenges include the extent to which users comply with rules and sanctioning mechanisms. Indirect outcome indicators of success measure fairness of resource distribution, the absence of conflict, the extent to which extraction levels enable sustainable resource use and the degree of conservation of the resource system
. 
Next, we scanned the literature on different types of community heterogeneity that influence the success in tackling appropriation challenges in CPR systems and retained both direct and indirect measures of success. First, we deal with economic heterogeneity in the community in the form of wealth or income disparity, different interests in the resource, differences in exit options, divergent time preferences and locational differences. Second, we consider socio-cultural heterogeneity. Third, we deal with power heterogeneity and we also reviewed post-institutionalist literature and ethnographic case studies of Eastern African irrigation systems on the effect of power heterogeneity on successful CPR governance. 

A first study on common pasture in Ethiopia measures community heterogeneity in wealth by looking at oxen owned, and finds wealth heterogeneity is associated with more violations against grazing restrictions. Yet it is not clear whether it is the wealthy or the poor that violate restrictions more (Gebremedhin, Pender and Tesfay, 2004 in: Ruttan, 2008). Ruttan and Borgerhoff Mulder (1999) observed that wealth disparities, measured by number of cattle owned, is beneficial for conservation of common pasture among the Barabaig in Tanzania.  Bardhan and Dayton-Johnson (2002), however, downscale the beneficial effect of wealth disparity on conservation in this case by noting that non-compliance to rules of poor appropriators, who own few cattle, may have a small effect on the resource so that their defection has a negligible effect on conservation. 
Studying irrigation systems in India, Bardhan (2000) finds a u-shaped relation between intravillage conflict over water and wealth inequality, measured by the Gini coefficient of irrigated land holding. Wealth inequality is associated with a higher likelihood of conflicts, but at high and low levels of inequality intravillage conflicts are less likely.  Further, the data suggest that better-off farmers more often violate the allocation rules, presumably because they can more easily get away with such violations (Bardhan, 2000). 

Ruttan (2008) conducted a meta-analysis of 40 case-studies of fisheries and 54 case-studies of irrigation systems to research the relation between wealth heterogeneity and CPR governance. she distinguishes between success that depends on full participation and success that does not depend on full participation of the community like for instance rule compliance and informal sanctioning. She presumes a positive influence of wealth heterogeneity on CPR governance that depends on full participation and is characterized by high positive externalities, like closing access to the resource or having a set of formal sanctions. But she finds no empirical support. And she finds weak support for the hypothesis that wealth heterogeneity has a negative relation with CPR governance that does not rely on full participation for success. But her analysis provides support for ‘Olson effects’: she finds that heterogeneity can be beneficial for successful CPR governance if there are high positive externalities and there are individuals with high interests in the resource whom also have the means to supply the collective good. 
Some authors assess the relationship between successful appropriation management and income inequality rather than wealth inequality. Overall, as with wealth, more inequality appears to be detrimental for successful appropriation management in CPR situations. Lam (1998: in Bardhan and Dayton-Johnson, 2002) measures water delivery performance by equity of water distribution, reliability of water supply at the tail-end and the adequacy of water delivery at various points in the irrigation system. He finds that income inequality is negatively related to water delivery performance in Nepali irrigation systems. Likewise, Tang (1991: in Bardhan and Dayton-Johnson, 2002 and Tang, 1989, 1994: in Ruttan, 2008) observes high degrees of rule conformance are associated to low variance in average annual family income in communities. 

The interests appropriators have in the common pool resource can also differ and such heterogeneity in the appropriators’ community can affect the success of CPR governance. First, appropriators with larger interests in the resources are more likely to have important incentives for provisioning of collective goods – the so-called ‘Olson-effect’. But they may also have greater incentives to see that rules are abided by and proper monitoring and sanctioning is ensured (Baland and Platteau, 1998, p 2).
In the same way, common pool resource appropriators with ample or lucrative exit options will have different interests and different incentives with regard to CPR governance. Also differences in resource appropriators’ time preference and more specifically the degree to which they consider the future in their current appropriation will affect their willingness to make short run sacrifices for resource conservation and their willingness to abide with conservatory appropriation rules (Ostrom, 1990).

For instance, absentee livestock herd owners in Mali and Mauritania, for example, are observed to be less interested than small herders in preventing overgrazing and desertification by conservation measures (Shanmugratnam et al., 1992 in: Bardhan and Dayton-Johnson, 2002). Intensive groundnut farmers that can access other territories are found to be less interested in forest conservation than traditional users whom have longer term use perspectives on the forest and whom have less exit options (Freudenberger, 1991 in: Bardhan and Dayton-Johnson, 2002). But those with less exit options can also be the ones less interested in sustainable appropriation. Bergeret and Ribot (1990: in  Bardhan and Dayton-Johnson, 2002) point to refugees harvesting trees more rapidly than other peasants to provide charcoal for cities and Laurent et al. (1994: in  Bardhan and Dayton-Johnson, 2002) observed that immigrants in Burkina Faso use more destructive gathering techniques in communal forests than residents. 

For common pool resources like irrigation systems locational differences are of particular importance and can play a role not only for incentives to provide collective goods, but also for compliance to rules and sanctioning mechanisms. Tang (1992: in Bardhan and Dayton-Johnson, 2002) finds that less than one third of the systems with disadvantaged groups, which are mostly tail-end irrigators, exhibit high rule conformance. In contrast, most systems without disadvantaged groups display high rule conformance. Lam (1998: in Bardhan and Dayton-Johnson, 2002) observes that Nepali irrigation systems with modern headworks, which give important leverage to bargaining power of the head-end irrigators, perform worse when it comes to equal distribution, reliability of water supply at the tail-end and adequacy of water delivery at various points.  
Next, we deal with the effect of social or cultural heterogeneity on successful common pool resource governance. Social or cultural heterogeneity is generally believed to hinder collective action and provisioning of collective good (Poteete and Ostrom, 2004) because of low levels of trust, lack of social cohesion, and the absence of shared values and shared interpretations of social problems (Baland, Bardhan, Das, Mookherjeee and Sarkar, 2007 in: Baland, Bardhan and Bowles, 2007; Varughese and Ostrom, 2001). Less studied in the literature is the fact that social or cultural heterogeneity is also expected to limit rule conformance amongst the user community and to render social sanctions less effective (Varughese and Ostrom, 2001). Furthermore, post-institutionalist literature highlights that social or cultural disparities are likely to shape resource distribution (Mehta, 1997, Cleaver and Franks, 2005, Cleaver and Toner, 2006).
Agrawal (1998: in Ruttan, 2008) observed that caste heterogeneity is associated to better conservation of grazing commons because it enables closing access to the commons. But at the same time caste heterogeneity is detrimental for equal distribution because it is those that are most dependent on the resource whom are excluded. Also among the Barabaig in Tanzania wealth heterogeneity was observed to be beneficial for conservation but bad for distribution because the powerful wealthy individuals coerce the poor to cooperate and limit their extraction levels of the commons (Ruttan and Borgerhoff Mulder, 1999). 

Lastly, we address power status as a source of community heterogeneity and its effect on successfully governing appropriation in CPR systems. Power heterogeneity is addressed in a case-study of pearl harvesters by Ruttan (1998: in Ruttan, 2008). She finds power heterogeneity to be advantageous for conservatory restrictions on pearl harvesting because village leaders can enforce these restrictions. And she observes a redistribution of profits from pearl harvesting although it is not perfectly equitable as the village leaders profit more. In his Indian study, Bardhan (2000) detects that village elite violates rules less frequently only if they are the ones that crafted the water allocation rules, otherwise elite more frequently violates the allocation rules. And overall, village elite break rules more often than non-elite. A study on pastoral commons in Mali by Velded (2000) indicates that rule enforcement can benefit from power heterogeneity if the interest of the political elite and others are aligned. The political elite can assume leadership in such case and enforce rules favorable for protection of the commons. If the interests of elite and other users are not aligned, however, conflict was observed. 

Perez-Cirera and Lovett (2006)
 concentrate on the effect of power heterogeneity on local common property forest governance. Based on a survey amongst 38 forest user groups in Mexico, Perez-Cirera and Lovett (2006) conclude that intra-group power disparity, measured by an index composed by measures for disparities in language, literacy and ownership of assets for timber extraction, is detrimental for enforcement of both informal and formal rules. They also find disparity in private assets between the user group authorities and the user group members to negatively influence formal rule enforcement but not informal rule enforcement. Next, they find that asset disparity between authorities and members of user groups slightly but significantly increases inequality in income derived from forest extraction. They also observe that if the user group authorities have higher external political links this increases income inequality and more so when intra-group disparities are important.  But they find no significant relationship between intra-group power disparity and inequality in income derived from forest extraction. And lastly, they detect a u-shaped relation between intra-group power disparity and forest degradation where low and high levels of power disparity are associated with lower levels of forest degradation. In contrast, an inverted u-shaped relation was observed between both forest degradation and illegal logging and the other measure for power disparity, namely asset disparity between group authorities and group members. High and low levels of asset disparity between group authorities and group members are associated with less successful conservation. 

Although power status is the least studied source of heterogeneity in economic CPR literature, it is the central point of attention in the post-institutionalist literature. Power heterogeneity is expected to be strongly correlated with resource distribution and correlated as well with disparities in costs borne, with rule abidance and with adherence to sanctioning mechanisms.  Post-institutionalists urge to take the social embeddedness of institutions for common pool resource management into account and emphasize the fact that resource management institutions are shaped by historic factors, by power relations and by specific world views of resource users (Cleaver and Franks, 2005; Mehta, Leach and Scoones, 2001). Moreover, institutions are ‘manifestations of negotiated social practice’ (cleaver and toner, 2006, p 209). Post-institutionalists highlight that, for these reasons, community based resource governance not necessarily results in sustainable and equitable solutions. Communities can be characterized by structural inequalities and power relations which can be reproduced through the institutional context governing resources (Cleaver and Toner, 2006). What is particularly relevant for our research is that post-institutionalists emphasize the importance of social interactions that can reproduce social inequalities through CPR institutions (Benjaminsen and Lund, 2002; Crow and Sultana, 2002; Agrawal, 2005; Joshi and Fawcett, 2005: in Cleaver and Toner, 2006). More specifically, they emphasize on the influence of power relations and other social differences on institutional design, on incentives of resource users in different strata and eventually on the success of common pool resource governance. 

A post-institutionalist empirical study signals that historical social hierarchies and inequalities have been entrenched through making access to water differential for different types of resource users (Metha, 1997). Access to water for irrigation gets priority and is linked to land ownership and benefits elite caste members who are a wealthier and more powerful minority in the Merka community in India. Efforts for community-based watershed development for improving soil and water conservation are likely to benefit mainly this minority. Moreover, members of elite castes are mainly responsible for illegal and unsustainable water extractions from communal water tanks. 
Next, an ethnographic case study by Cleaver and Toner (2006) shows that community based governance of a piped water system in a Tanzanian village was successful in improving overall water supply.  But wealth and power heterogeneity played an important role in institutional design as management board members are mostly wealthier, older and more powerful community members. The authors observed that maintenance of the CPR system was mainly done by community members not participating in the management who were coerced to contribute to maintenance by the management board. Moreover, prices for water are found to increasingly discriminate against the poor.
A non-exhaustive review of ethnographic case studies on ‘traditional’ irrigation schemes in eastern Africa also provide insight on the influence of power relations on institutional design, rule conformance and sanctioning mechanisms and largely confirm the post-institutionalist views on community governance of CPR. First, Fleuret (1985), studying traditional irrigation schemes in the Taita hills in Kenya, calls water relations ‘ephiphenoma’ of social relations in the Taita society as the allocation of land and water are based on the distribution of political and social status within the society. Upstream users have gathered economic power given their favorable accessibility to water, in addition to being physically and politically close to location-level decision makers. Rotation schemes, however, are in place to guarantee all plots of water proportional to the size of the plot. In general, the upstream user is made compliant to the rotation scheme by the downstream user. In addition, propinquity and kinship prevent most people from violating the rights of their neighbors. In times of water scarcity, however, the rotation scheme fails to guarantee that the downstream users’ plots are adequately irrigated. Upstream users have ‘the power of preemption’ and they count on their infringement remaining unchallenged. It is observed that when disputes arise, preferably these are settled amongst themselves or with the aid of a senior community member. There is reluctance to seek more formalized types of conflict resolution. 
Second, a study of irrigation water management in Sonjo in Tanzania by Potkanski and Adams (1998) draws a picture of water management institutions that are deeply rooted in local power structures. The ruling group among the Sonjo, priests who have a leading political and social role for many aspects of life, have most control of irrigation water. At the same time, this control over water strengthens their power position. Specifically in areas and times of water scarcity, their position allows them privileged access because water is passed to them first after which they distribute. Their only restraint from selfishness is their role as ‘owners of all the people’ giving them the moral obligation to strive for collective wellbeing. On a lower level of authority, the priests’ assistants also have more secure access to scarce water because they are second in line to access the resource. In principle, water access by irrigation users outside this power structure is only conditional on contribution to maintenance works at the irrigation canals. But in practice they are dependent on the priests’ and their assistants’ compliance to sharing norms and goodwill. The only ‘stick’ in the hands of ordinary irrigation users against those in power consists of sanctions in the social sphere. The effectiveness of these sanctions is limited however. 

Studying institutions governing irrigation water allocation in Marakwet in Kenya from a gender perspective, Adams, Watson and Mutiso (1997) conclude that water is not equitably shared. The formal rules of the ‘indigenous’ water management system, in the form of a rotation scheme, appear simple and fair and unhindered by social or power heterogeneities like differences in clan membership or gender. Yet, the ‘working rules’, resulting from complex exchanges and interactions between farmers are quite different. There is considerable variation between access to water according to location, village and clan membership. Moreover, there are fundamental structural imbalances in water access between men and women. Women never get access to water in their own right. Access to water is generally dependent on contributions to canal maintenance, which they are not allowed to perform. Some cultural taboos prevent women from operating the irrigation furrows. Their access to water is often via an intermediary and often haphazard and insecure.
Behavioural relevance of community heterogeneities
Community heterogeneity can affect the success of tackling appropriation problems due to causes situated at the group level. First, common understanding and abidance to norms and rules is easier in homogenous communities because levels of trust are more likely to be established, the valuation and use of the resource is more likely to be similar, and communication and monitoring is easier. (Social) sanctioning may be easier and more effective when one it involves someone from the same group. Next, striving for a social optimum benefiting the whole of the community is also more likely in homogeneous communities. But different types of heterogeneity also affect individual resource users’ behaviour in different ways (Bardhan and Dayton-Johnson, 2002). Some heterogeneities may influence the extent to which different resource users will comply to rules and sanctioning mechanisms. Other heterogeneities will influence users’ incentives to cooperate, incentives to provide collective goods but also incentives to comply with rules and sanctioning mechanisms and may affect collective action. In this essay, we will not focus on group level effects of community heterogeneity on successful CPR governance. We will rather focus on how community heterogeneity induces different behaviour amongst resource users with different characteristics. More particularly we will look how the different relative power status of resource users affects their compliance to rules and sanctioning mechanisms dealing with resource appropriation.
But, assuming individuals’ behaviour in a social interaction to be influenced by their position in a vertical hierarchy relative to the position of their counterpart, is not standard in economic theory. The subjective utility theory however supports the idea that people consider their internalised relative position in social interactions (Okunu-Fujiwara, 2002). This theory suggests that people are guided by their subjective utility and will not only take account of their actions and the economic consequences thereof but will also consider the social context in which decisions are taken.  Individuals will think of whom they deal with and evaluate their position and that of their counterpart in the wider social structure, or in other words the individual’s social embeddedness will matter for his utility
. It follows that people’s decisions may differ according to their relative positions in the wider social structure. 
Also Weiss and Fershtman (1998) substantiate why one’s relative power position or one’s relative social status
 in a community may have behavioural relevance for interactions over irrigation water appropriation. They observe that there is substantial agreement among different members of society about the relative social status position of people, which makes social status interesting as a factor explaining behaviour for different reasons. On the one hand, as having a higher social status makes one to expect to be treated favourably by those with whom he socially or economically interacts, these expectations can influence the way one interacts. These expectations can also induce status seeking behaviour. On the other hand, one’s social status, being public information especially in confined communities, can be useful to predict one’s behaviour and outcomes of the interaction. The counterpart’s behaviour will likely be adapted to this information.  
Next, studies on social power in psychology show how individuals’ behaviour can be influenced by the social context in which they interact and by their relative social status or power position. It is observed that relatively powerful individuals try to avoid being controlled by others, are more likely to resist social influence and are less influenced by consequences for their opponents (Fiske, 1993; Fiske & De´pret, 1996, Brauer and Bourhis, 2006). That partly explains why individuals with more power transgress social norms more often (Van Kleef et al., 2006). Less powerful individuals do not have that capacity to resist the influence of others and to behave according to their internal states. Therefore their behavior is more contingent on the behaviors of others (Keltner et al., 2003). These observations can have various reasons. First, powerful individuals may have acquired higher personal power, meaning that they have more capacity to pursue their own preferences without being obliged to adjust their behavior to others or to social norms (Brauer & Bourhis, 2006; Van Dijke & Poppe, 2006). Second, powerful individuals may have many resources and can often act at will without serious consequences. On the contrary, less powerful individuals are often more dependent on other people and have to act more carefully, paying close attention to outcomes for people they depend on (Fiske, 1993). Third, belonging to high status groups makes individuals feel better than members from low status groups and makes them think they deserve more. Members of high status groups may also have the feeling they should strive for better outcomes for their peer group (Commins & Lockwood, 1979; Turner & Brown, 1978). Likewise, individuals having earned power also makes them think they deserve the more powerful position and have the right to exploit its power (Hoffman and Spitzer, 1985).

A field experiment by Cardenas (2003) confirms that non-economic incentives and social embeddedness matters for interactions dealing with resource unit appropriation.  The results demonstrate that individuals internalize real-life information on social context and their relative position and use it when making decisions in a field experiment. Experiment participants were expected to make individual decisions on resource extraction of forest resources from a local communal forest by deciding on the months they want to spend in the forest. Wealthier participants and participants whom are economically less dependent on the local commons behaved differently and were more likely to make less socially optimally and more selfish appropriation decisions. In addition, the relative wealth position of the participants in their community individuals was observed to influence behaviour. Participants who showed a larger wealth distance relative to the average wealth of the other group members were more likely to behave selfishly. This effect was stronger for less wealthy individuals. Firstly, these results support the assumption that individual’s decisions on appropriation in the experiment are influenced by their real-life social context and support the assumption that the relative position of the individual in the community informs his decision in a social interaction. 

Resource dynamics and CPR governance
Not only the social complexities of communities of CPR users should be considered when studying the specificities of CPR governance: Cardenas, Janssen and Bousquet, (forthcoming, p 4) urge to take into account of the ecological complexities of the social dilemmas as well. Including more ecologically relevant resource dynamics in field experiments is therefore an important innovation to behavioral analysis of CPR governance. A first resource dynamic that is of crucial importance to studying CPR governance of irrigation water is the locationally dependent and asymmetric access to water of up-and downstream users. This leads to a hierarchical interdependence of up- and downstream users which obviously influences their interactions and determines the way the common resource is governed (Cardenas, Janssen and Bousquet, forthcoming, p 4). A second understudied but extremely relevant resource dynamic of irrigation water is temporal scarcity, certainly in a context characterized by a unimodal (or bimodal) rainfall pattern. Considering water scarcity as a resource dynamic is of uttermost relevance, first of all because a moderate level of resource scarcity is one of the enabling factors for self-governance of common pool resources (Vareghese and Ostrom, 2001). When resources are extremely scarce, be it seasonally or permanently, this may invoke behaviour harmful to CPR self-governance. Such behaviour can be invoked because resource scarcity generally increases the value of the resource. This can make shirking through excessive extraction become more beneficial than cooperation (Platteau, 2005). For instance, users may decide to abandon rules limiting their extraction levels because it encumbers production. Finally, institutions and associated set of rules that otherwise harmonize conflicting preferences and actions resulting from self-interested behaviour may be completely abandoned in such a case (Platteau, 2005; Simon (1957) in Fligstein, 1999) causing a dissolution of the CPR governance system itself. 
Studying water scarcity as a resource dynamic proves very relevant as in real life rule compliance appears to be more problematic in times of resource scarcity. Survey data reveal that rule breaking by irrigation water appropriators in times of water scarcity is one of the major challenges in the studied irrigation sites
. 23% of 217 irrigation users reported problem with water supply in the dry season that lasted from September till October 2007 and 19.6% of 214 irrigation user reported water supply problems during the dry season from June till July 2008. In both of the seasons, 44% of the cited causes for water supply problems were linked to rule breaking behaviour by other users like excessive or wrongful extraction.

	Reported causes for water supply problems
	Dry season:  September till October ‘07
	Dry season: June till July ‘08

	too little water
	38
	27

	canal problem
	7
	6

	water stealing or disrespecting rotation or other problems with rotation
	17
	18

	upstream user shirks through excessive extraction or canal closing
	19
	11

	other
	1
	5

	Total causes of problems reported
	82
	67


Table 1: Reported causes for water supply problems
Going even a step further, focusing on interactions between social and resource dynamics is all the more interesting for behaviour analysis in the study of CPR governance. It is particularly relevant to look at resource scarcity and the interaction with the relative power status of appropriators. When resources are scarce, competition can be fierce and conflicting interests are exacerbated. Under such circumstances, the relative power of actors, articulated in greater bargaining strength or influence, will play a more significant role for the outcome of the interactions (Saleth and Dinar, 2004). We therefore expect individuals’ relative power status to be of greater influence to their behavior when resources are scarce. That is why it is pertinent to look at the combined effect of differences in power status and resource scarcity on appropriation and sanctioning behavior and ultimately on sustainable and equitable resource distribution.  
Methods
This essay aims to measure to what extent appropriation challenges in irrigation systems are successfully governed. Successful governance of appropriation challenges should reflect from resource distribution that is viewed socially optimal by the user community, is independent from the local power structure and characterised by limited distributive conflicts both in resource abundant and resource scarce contexts. 
The central hypothesis that will be tested is whether appropriators’ relative power status affects appropriation and sanctioning behaviour scarcity and whether behavioural differences result in resource competition and a resource distribution dependent on the power structure. The second hypothesis entails that resource scarcity affects appropriation and sanctioning behaviour. And a third central hypothesis is that the relative power status of users will matter more when resources are scarce and this will exacerbate distributive inequalities and increase conflicting interests. To test these hypotheses we do not look at relations at an aggregated community level but rather at how users’ individual characteristics affect their appropriation behaviour, our focal characteristic being the user’s relative power status in the user community. And we evaluate whether this characteristic affects resource distribution by inducing differential rule conformance, different responsiveness to sanctioning and differential compliance to sanctioning. 

Data collection

Our research instruments include a field experiment conducted in semi-arid rural Tanzania with users of self-governed irrigation systems. 156 irrigation users, of which 52 are female, were randomly selected from resource users identified on participatory charted maps. Thirteen sessions spread over five irrigations systems were conducted, each with a maximum of 14 participants. The field experiment essentially consisted of a repeated distribution game with permanently paired upstream and downstream users to replicate the interdependent and dynamic nature of upstream and downstream appropriators’ interactions. Allocating upstream or downstream status to participants and pairing of participants was done randomly. Participants are not informed about who they are paired with. the experiment included a water abundance and a water scarcity treatment to take this essential resource dynamic into account. 
In each round, the upstream user decides during how many hours he will extract irrigation water from a total of 12 available hours. The remaining hours are left for the downstream user. Hours of water extraction are directly related to income from irrigated agricultural production and determine also the payoff, which could be read from a production function available to both upstream users and downstream users (table 1)
. The production function includes a threshold of minimum water extraction below which income is low and independent of the exact water input.  Above this threshold, production and income show decreasing marginal returns. In the five rounds under the water abundance treatment a minimum of four hours of water extraction is sufficient to exceed the productivity threshold. In the following ten rounds under the water scarcity treatment, the water flow is reduced to approximately half of the water flow under the abundance treatment. In the production function this is reflected by a lower income per hour of water extraction that increases only half as fast per extra hour of water extraction. In the water scarcity treatment a minimum of seven hours of water extraction are needed to reach the productivity threshold. Parameters are so that, in the abundance treatment, total water availability is sufficient for both water users to reach the productivity threshold, whereas in the scarcity treatment, total water availability is insufficient for both users to reach this threshold. This means that under the scarcity treatment, a social optimum can not be attained in one round. 
	
	Abundance treatment
	Scarcity treatment

	Hours upstream user
	Earnings upstream
	Earnings downstream
	Earnings upstream
	Earnings downstream

	0 
	50 
	500 
	50 
	350

	1 
	50 
	500 
	50 
	325

	2 
	50 
	475 
	50 
	300

	3 
	50 
	450 
	50 
	250

	4 
	175 
	425 
	50 
	200

	5 
	250 
	375 
	50 
	125

	6 
	325 
	325 
	50 
	50

	7 
	375 
	250 
	125 
	50

	8 
	425 
	175 
	200 
	50

	9 
	450 
	50 
	250
	50

	10 
	475 
	50 
	300 
	50

	11 
	500 
	50 
	325 
	50

	12 
	500
	 50 
	350 
	50


Table 2: Production function included 
In each round, the downstream user can react to the appropriation decision by the upstream user he is paired to after evaluating his share of resource units and the corresponding payoff. Downstream users could opt to remain silent, to directly communicate appreciation or to communicate grievances or to call in a mediator who can impose a penalty on the wrongdoer. The latter implies a cost for the downstream user (30 Tsh) and a fine for the upstream user (100 Tsh) which is deducted from the final payoff. Including these four possible reactions was inspired by interviews and group discussions with irrigation users in the selected sites to gather information on monitoring and sanctioning mechanisms. This information inspired to include four possible reactions for downstream users to respond to the appropriation decisions of their upstream counterpart in the experiment. 
The subsequent round starts with the upstream user receiving the decision card from the previous round with downstream user’s reaction. Thereafter, the upstream user makes a decision on hours of water extraction another time and this information again goes to the downstream user for reaction. The participants were not informed about the number of rounds the experiment would entail. At the end each participant received the cumulative payoffs earned minus mediator fines or mediator costs should there be any. 

Participants in the experiment were not informed about their own power status rank nor about that of their counterpart. An argument in favour of delivering this information was possible comparison of the relative power status by the participants which would have allowed behavioural differences to be more explicitly allocated to differences in relative power status positions. Not providing the information implies behaviour in the experiment to be dependent on the internalized awareness of one’s relative power status compared to that of the counterpart. Yet three arguments against providing the information outweighed the argument in favour. First, providing the information would have increased the variables participants had to take into account upon making a decision and prior testing indicated this could have reduced understanding and could have introduced errors. Second, introducing information on the relative power status could have been suggestive about taking account of this information, possibly introducing artificial adaptations of decisions. Third, a participant could have matched the information about his counterpart’s power status to a maximum of 7 other participants which induced the risk of violating anonymity.
The field experiment was preceded by an explanation of the instruction during which several control questions and examples were included to ensure participants’ understanding. The average participant’s earnings at the end of the field experiment are 2460 TSH, equal to 1.37 USD, which is a little more than a day’s average income. After the experiment, the participants were asked how much the experiment reminded them of in real life. Only a limited 8.3% of the participants did not recognize anything at all from real life.
A proxy measure for relative power status was obtained via a participatory social status ranking exercise. As one’s relative social status in society is highly positively correlated to one’s relative power status in society, we opted for a ranking according to social status because the concept was more likely to be commonly understood
. The common understanding and external validity of the concept was confirmed by a post-ranking group discussion on traits of members in society with a relatively low and a relatively high social status. High social status was associated with access to resources and services, with respect and decision power. Low social status was associated with marginalization, limited self-determination and defenseless. 
The participatory ranking exercise was organized as follows: In each irrigation site a randomly composed mixed group of 20 irrigation system users, was asked to draw a map of the irrigation site and identify a maximum of 100 users on it. Next, the identified irrigation users were ranked according to social status. The concept of a social status hierarchy was represented by a ladder with high (low) rungs associated high (low) status (Lindemann, 2007). After a hypothetical example the participants, divided in four randomly composed subgroups, ranked all identified irrigation users according to social status by putting name cards of each irrigation user on a ladder with four rungs
. To avoid embarrassment, overestimation or underestimation of one’s own social status, participants were not expected to rank themselves. Confidentiality of the ranking was assured. Close monitoring ensured understanding of the ranking exercise and the concept and avoided individuals dominating the subgroups. 
The ranking exercise resulted in maximum four rankings per identified irrigation user. These rankings were transformed into scores (Van Campenhout, 2007). The score is equal to the value assigned to the rung, divided by the total number of rungs on the ladder. The lowest rung is assigned a value of one, while the highest is assigned a value of three, four or five, depending on the total number of rungs. If a subgroup used a ladder with four rungs and ranked an irrigation user on the highest (lowest) rung of the ladder, this user gets a score of 4/4=1 (1/4=0.25). The irrigation user’s final score is then calculated as the sum of scores assigned by the subgroups divided by the number of subgroups that ranked this user.  The mean social status score over all irrigation sites is 0,6. On average the standard deviation between subgroups’ rankings is 0,19 which confirms that overall subgroup consensus on the ranking was relatively high.  
For practical reasons, in our analysis we worked with three tertiles according to social status score. The first tertile includes individuals with a relatively low social status (0.2 through 0.5) and the social status variable gets the value one. The second tertile includes individuals with an average social status score (higher than 0.5 through 0.72) and the variable gets value two. Lastly, the third tertile includes relatively high social status individuals (social status score higher than 0.72) and the variable takes the value three. 
Variables

Successful governance of appropriation challenges should reflect from resource distribution that is viewed socially optimal by the user community, is independent from the local power structure and characterised by limited distributive conflicts both in resource abundant and resource scarce contexts. 

Successfully tackling appropriation challenges with regard to resource distribution in self-governed irrigation systems depends on users’ compliance both with rules and sanctioning mechanisms. Compliance to these rules is necessary to ensure extraction levels that are viewed socially optimal by the user community and to limit distributive conflicts. socially optimal extraction levels are often assumed to be extraction levels that guarantee sustainability of resource system and maximize benefits for the group of users. But what is often neglected in the literature is that extraction levels that safeguard the stability of the common pool resource governance system may also be viewed as socially optimal by communities. Extraction levels that do not preserve stability, for example by inducing competition and conflict which provoke distrust amongst users, may introduce substantial costs. 

Interviews and group discussions with users indicate that the following two norms are of central importance for governing water distribution in the studied irrigation sites: First, users emphasize that competition is to be avoided to maintain harmony in the community. It seems that avoiding competition and distributive conflicts keeps off a breakdown of the social capital
 that is necessary to maintain common pool resource governance system. Second, users believe that everybody has a right to water. While analyzing the extent of compliance to the rules guiding appropriation behavior by the users participating in the field experiment, we avoid however to impose the specific rules. We will rather take the most preferred distribution under the water abundance treatment as an indication of what is likely to be the commonly accepted resource distribution rule.
Second, sanctioning must also be effective by making the upstream user that was sanctioned converge back to complying with the commonly accepted appropriation rule. An upstream user that was sanctioned by a downstream user in the previous round can react in three possible ways: he can be negatively responsive and persist in wrongdoing, or he can be positively responsive and correct to acceptable recourse appropriation levels or he can overcompensate.  

Third, compliance to norms and rules in self-governed common pool resource systems depends on mutual monitoring and sanctioning rather than on an external enforcer. Therefore, successfully avoiding unacceptable extraction levels depends on the users abiding with the monitoring and sanctioning mechanisms that are in place. This implies that users that observed rule breaking should sanction the defecting user(s). Assuming sanctioning by the downstream user is only relevant and acceptable when the upstream user broke the commonly accepted rule, we take that a downstream user complies with sanctioning mechanisms if he reacts either by communicating dissatisfaction or by calling for a penalty through a mediator to an allocation of resource units deemed unruly.
Fourth, a small percentage of pairs of upstream and downstream users followed a more complicated strategy to find a social optimum in the experiment and used a rotation strategy. A rotation strategy is interpreted as an alternation between extracting more than an equal share of resource units and extracting an equal or less than equal share of resource units
. This however involves a more complex game strategy and it is not evident that the participants have realized this possibility
. It also partly depends on whether the downstream user refrains from sanctioning in rounds in which he receives less than an equal share as he expects to be allotted a larger share in the subsequent round. In the water abundance treatment 7.7% of the 78 upstream users participating in the experiment use a rotation strategy. In the water scarcity treatment, 11.5% of 78 upstream users apply a rotation strategy. This results in rotating upstream users extracting an average of 6.4 (StDev: 2.51 hours) over the five rounds under the abundance treatment and an average of 7.5 hours (StDev: 3.12 hours) over the ten water scarcity rounds
. Most upstream rotators are users with a high or middle social status (resp. 39% and 34 %), only 26% is of low social status. Because the rotation strategy involves a specific set of rules and sanctioning, we decided not to include decisions by upstream that follow a rotation strategy in the data analysis. 

The dependent variables used in the data analysis are ordinal and categorical variables. Appropriation decisions by upstream users are ordered in four categories with the order increasing with more selfishness: altruistic (1), equal sharing (2), carefully selfish (3) and severely selfish (4). Altruistic appropriation decisions are those by which the upstream user keeps less than 6 hours of the available 12 hours to himself. Equal sharing means he keeps 6 hours. In the abundance treatment carefully selfish appropriation decisions are appropriation decisions whereby the upstream user takes more than 6 hours but less than 9 hours. With such decisions he does not deprive the downstream user from reaching the productivity threshold. Severely selfish appropriation decisions in the abundance treatment entail extraction of 9 hours or more. In the scarcity treatment, we defined carefully selfish appropriation levels as extraction of 7 hours, severely selfish appropriation decisions entail extraction of 8 hours or more. In the probit models we compare the likelihood of opting for carefully selfish appropriation with the likelihood of equal sharing. And we compare the likelihood of opting for carefully selfish appropriation with the likelihood opting for severely selfish appropriation. When analysing reactions by downstream users we distinguish between sanctioning and not sanctioning. Sanctioning implies the downstream user reacted with punishment via a mediator or by communicating dissatisfaction. 

Data analysis
1. Water scarcity and rule compliance 

An initial step in checking our hypotheses is to evaluate to what extent water scarcity changes compliance to rules that govern the common pool resource distribution. To do so, we first assess how appropriators participating in the field experiment share available water units when water is abundant. This enables us to gauge for the commonly accepted resource distribution rules and to evaluate the extent of compliance to this rule. Secondly, we look whether resource scarcity changes rule compliance by looking at appropriation decisions to draw conclusions about rules compliance in resource scarce contexts.

The field experiment data shows that altruistic appropriation decisions are preferred under the water abundance treatment. Over five rounds in the water abundance treatment, non-rotating upstream users decide to extract on average 5.7 hours of water out of a total of 12 hours available (StDev: 2.38 hours)
. There are a surprisingly high percentage of altruist appropriation decisions (41.9% of a total of 360 decisions by non-rotating upstream). But in 83.6% of the altruist decisions the decision maker can still reach the productivity threshold preserving his right to water. Equally sharing available resource units is the second most preferred option by upstream users as 33.3% of the total of 360 upstream users’ decisions is to appropriate an equal share of 6 hours of water.  Selfish appropriation decisions account for 24.7% of total decisions in the abundance treatment. But 58% of selfish appropriation decisions avoid depriving the downstream user from reaching the productivity threshold. We call such decisions carefully selfish appropriation decisions. Merely 5.6% of the total decisions match with theoretically expected selfish appropriation behaviour of extracting 11 of 12 hours maximizing individual benefits
. Figure 1 provides a detailed overview of the proportion of upstream users by hours of water appropriated in the water abundance treatment. 
	Water abundance treatment 
	Water scarcity treatment 
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Figure 1: Proportion of upstream users’ decisions by hours of water appropriated in the water abundance and the water scarcity treatment

The experimental evidence leaves us to conclude that, if resources are abundant, rule compliant appropriation behaviour in the studied common pool resource systems implies altruistic sharing of available resource units while safeguarding one’s own productivity. Equal sharing of available resource units is also acceptable. These observations are consistent with qualitative information and highlight the importance users allot to avoidance of distributive conflicts and to respecting everybody’s right to water.
Next, we assess whether water scarcity changes compliance to these rules governing resource appropriation by looking at appropriation under the water scarcity treatment. Remember this treatment entailed seriously reduced water availability which implied that the productivity threshold was only attained if more than 6 hours of water are available to the users.  

The field experiment data shows that water scarcity treatment changes the picture of resource distribution. The changed resource distribution translates into an average of 6.5 hours extracted from the available 12 hours in the water scarcity treatment (average over total of 10 rounds, StDev: 2.61 hours)
. The changed resource distribution is also evident from a comparison of the graphs that represent the upstream users’ appropriation decisions in the water abundance and the water scarcity treatment (Figure 1). As opposed to the water abundance treatment, under the water scarcity, the majority of decisions of non-rotating upstream users (46.4% of 690 decisions) involve a selfish extraction level. But remarkably, while depriving downstream users of reaching the productivity threshold anyhow, 44.4% of selfish appropriation decisions consist of extracting 7 hours which results in the lowest payoff the upstream user can gain while being selfish. Yet, choosing to extract 7 hours is probably attractive to upstream users because it remains proximate to equally sharing resource units but enables the upstream users to reach the productivity threshold.  We will also call appropriation decisions of 7 hours carefully selfish appropriation decisions. Next, despite very high individual costs - because productivity thresholds and high payoffs can not be reached - about one third of decisions (29,1% of 690 decisions) entail an equal split of available resource units. And persistently, 24.5% of decisions are altruistic.

Overall, resource scarcity changes upstream users’ appropriation decisions from mostly altruistic in the abundance treatment to mostly selfish in the scarcity treatment. Resource scarcity seems to change compliance to the rules that prescribe to avoid competition and not to deprive others from water. But resource scarcity does not seem to induce a complete withering of those appropriation rules. The persistence of many to equally (and altruistic) sharing resource units at the expense of attaining individually optimal extraction levels, even if this does not generate a social optimum, points to the extremely high importance of the non-competition rule in these CPR systems. Also the prominence of carefully selfish appropriation decisions points in this direction. The carefully selfish appropriation decisions can be seen as an attempt by the upstream users to find a balance between abiding by the non-competition rule while appropriating sufficiently to earn a suboptimal but above threshold income. This suggests that users expect high costs to be associated to breaking the non-competition rule but also that users expect these cost to rise if one moves farther from the equal split. These expected costs may be direct costs because of (social) sanctions or may be indirect costs because the stability of the CPR governance system is threatened as a result of distributive conflicts or reduced social capital. This may indicate that conflict avoidance and stability may be seen as more socially optimal than attaining standard economic efficiency.
2. Water scarcity, power status and rule compliance 
In this section, we will first check whether appropriator’s relative power status makes a difference for rule compliant behaviour. To do so, we will compare appropriation decisions in the water abundance treatment between upstream users with a relatively high, middle and low social status. Secondly we will appraise whether resource scarcity affects rule compliance by users of different social status in a different way. 
When water is abundantly available, low and middle social status appropriators are mainly making altruistic appropriation decisions whereas high social status appropriators rather opt for equally sharing available resource units or making selfish decisions. Table 3 provides evidence: Altruism by low social status appropriators reflects from a significantly lower average hours of water extraction. Over the five rounds, low social status upstream users extract on average 4.95 hours of the available 12 hours whereas middle social status users extract on average 5.5 hours and high social status users 6.6 hours. Correspondingly, low social status upstream users make significantly more altruistic appropriation decisions than middle or high social status users (59,2 % of a total of 130 decisions). Furthermore, low social status upstream users exhibit a significantly lower percentage of selfish decisions compared to high and middle social status users (13.8% of 130 decisions). And when behaving selfish low social status appropriators are carefully selfish as 72.5% of their selfish decisions do not deprive their downstream user of reaching the productivity threshold.
Conversely, high social status upstream users make significantly more decisions to equally share available resource units than low and middle social status appropriators (44.8% of 125 decisions). They also exhibit a relatively high percentage of selfish decisions (34.4% of 125 decisions, significantly higher than the proportion of selfish decisions by low social status users at 99% CI).  And only 39.5% of those selfish decisions are carefully selfish decisions. 

	Water abundance treatment

	Type of appropriation decision by upstream user’s  social status
	High social status


	Middle social status 
	Low social status
	Sign. Diff.

	Altruistic 

% of altruist decisions with upstream reaching threshold
	20.8 %

46.2 %
	44.0%

65.9 %
	59.2%

66.2 %
	High-Middle:99%

High-Low:99%

Middle-Low: 95%



	Equal split
(
	44.8 %
	29.0%
	26.9%
	High-Middle:98% 

High-Low: 99%

	Selfish 

% of selfish decisions that are carefully selfish 
	34.4 %

39.5 %
	27,0 %

81.5 %
	13.8 %

72.5 %
	High-Low: 99% 

High-Middle: no diff

Middle-Low:97%

	Average hours extracted (over 5 rounds)
	6.66
	5.50
	4.95
	high-middle: 99%

High-low:99%

Middle-low : 95%

	Standard deviation
	2.49
	2.25
	1.98
	

	Number of decisions 
	125
	100
	130
	


Table 3: Average hours extracted and proportion of altruistic, equal and selfish appropriation decisions per upstream user’s social status in the water abundance treatment
Knowing that high social status appropriators behave less altruistically than low and middle social status appropriators when water is abundant, we know proceed to assess whether resource scarcity exacerbates differences in appropriation behaviour or affects appropriation behaviour of users of different social status differently. More specifically, we gauge for interaction effects between social status and resource scarcity. 
When resources are scarce, low and middle social status upstream users move from on average altruistic appropriation to more (carefully) selfish appropriation (table 4). High social status users, however, on average appropriate consistently selfish during both the five rounds of water abundance and the ten rounds of water scarcity. Over 10 rounds under the water scarcity treatment high social status users appropriate on average 6.78 hours of the available 12 hours which is significantly more than what low social status users extract. 
Behind the averages, there are still trends to uncover. From table 4 and by comparing it with table 3, we observe that, under the water scarcity treatment, high social status users largely stick to equal sharing (despite high individual costs). There is only a slightly higher proportion of selfish decisions by high social status appropriators compared to the abundance treatment. But persistently, if high social status users decide to appropriate more than an equal share they choose to appropriate the lion share. 

Surprisingly, a relatively large percentage of low and middle social status users’ decisions have switched to selfish appropriation under the water scarcity treatment (resp. 49.6% and 49.5%) (table 4 and figure 4). Yet while being selfish these users act careful as resp. 42.7% and 61.5% of selfish decisions involve extracting 7 hours, so-called carefully selfish appropriation decisions. Fewer selfish decisions by high social status users reveal such careful selfishness. This also explains why the averages of hours extracted by low and by middle social status users are lower than the average of hours extracted by high social status users despite the lower proportion of selfish decisions among the high social status users. Nevertheless, we still observe quite large proportions of low social status appropriation decisions are altruistic (32.7% of 260 decisions and significantly higher than proportions of altruistic decisions among middle and high social status users). 
	Water scarcity treatment

	Type of appropriation decision by upstream user’s  social status
	High social status


	Middle social status 
	Low social status
	Sign. Diff.

	Altruistic 
	15.9%
	21.6%
	32.7%
	High-middle 90% high-low 99%

Middle-low 98%

	Equal split 
	45.0%
	28.9%
	17.7%
	High-middle 99%

High-low 99% 

Low-middle 99%

	Selfish 
	39.1%
	49.5%
	49.6%
	High-low 98% 

High-middle 95%

	% of selfish decisions of 7 hours ( carefully selfish)
	32.5%
	61.6%
	42.7%
	

	Mean hours extracted over 5 rounds 
	6.78
	6.41
	6.37
	High-low 90%

	Standard deviation
	2.33
	2.57
	2.76
	

	Number of decisions
	220
	190
	260
	


Table 4: Average hours extracted and proportion of altruistic, equal and selfish appropriation decisions per upstream user’s social status in the water scarcity treatment
From these observations, we can conclude that resource scarcity provokes different reactions among appropriators with different social status. High social status appropriators persist in their preference for equal sharing. The proportion of selfish appropriations by high social status appropriators rises slightly when resources are scarce and their selfish appropriations are persistently a large deviation from equal sharing. 
Conversely, low and middle social status appropriators switch from appropriating in an overtly altruistic way under water abundance to appropriating more than equal shares when water is scarce. Yet they are selfish in a careful and least confrontational way by choosing to extract 7 hours of the available 12 hours. As such their appropriation level still is close to equal sharing but enables them to reach the productivity threshold.  Such behaviour can not be explained nor by individual efficiency objectives nor by social efficiency objectives. Non-confrontational behaviour whereby competition is avoided while still trying to gain a low income appears to be the objective.

Previously, we inferred that non-competition and conflict avoidance must be highly valued, implying large direct or indirect costs when these rules are broken. High social status users whom persistently share resource units equally avoid costs associated to rule breaking. They even give up on resource gains (in the scarcity treatment). High social status users whom are selfish are severely selfish. These users opt for individual optimal resource extraction ignoring possible costs related to rule breaking. Low and middle social status users avoid to breaking non-competition rule to the maximum extent by appropriating in an altruistic way in the abundance treatment. They avoid costs associated to rule breaking at the expense of gains from resource extraction. Under the scarcity treatment, these are the appropriators that try to strike a balance between abiding by the non-competition rule while appropriating sufficiently to earn a suboptimal but above threshold income. Clearly costs associated to non compliance with rules and benefits from resource access must differ between users of different social status. In what follows we will dig deeper into what could explain these differences and the particularities of the behavior of low, middle and high social status users. 
3. Determinants of different rule compliance behaviour between users of different power status 

In this section, we look for possible explanations for the different reactions to resource scarcity amongst users of different social status by looking at user characteristics that are known to influence appropriation of CPR. These characteristics are gender, outside options, social networks and levels of trust. We also check the influence of two real-life experiences that may have played a role in decisions in the experiment, being experiences with food insecurity and with water supply problems
. Firstly we estimate a linear regression model (OLS) assuming appropriation decisions are uncorrelated within individuals. Secondly we model individual specific random effects as a random effect in a linear regression. Next, to compare likelihood of careful selfish and selfish and careful selfish and equal sharing we estimate a probit model (without taking into account individual specific random effects). 

In the abundance treatment, when comparing appropriation by low, middle and high social status appropriators, the random effects linear regression confirms that low and middle social status appropriators are on average much more altruist.  Next we look at the probit model that compares the likelihood of taking careful selfish appropriation decisions with the likelihood of severe selfish appropriation decisions for high, middle and low social status appropriators in the abundance treatment (table 6 column 1). We learn that high social status appropriation decisions are more likely to be severely selfish than low and middle social status appropriation decisions. 

For the scarcity treatment, the random effects linear regression confirms that, middle social status appropriators are on average less selfish than high social status appropriators (table 5 column 4). Although the linear model (table 5  column 3) shows us that appropriation decisions by low social status appropriators are on average less selfish than those by high social status appropriators, we can not conclude that low social status appropriators are less selfish appropriators than high social status ones (not significant in the random effects linear model) (table 5 column 4). 
The previous bivariate analysis showed us a more nuanced picture of the differences in appropriation behavior between high, middle and low social status users in the scarcity treatment . This picture is reflected in the probit models. The probit model that compares the likehood of taking careful selfish appropriation decisions with the likelihood of equal sharing for high, middle and low social status appropriators (table 7 column 3) confirms that, compared to high social status appropriation decisions, low and middle social status appropriation decisions are more likely to be carefully selfish than an equal split. The probit model that compares the likehood of taking careful selfish appropriation decisions with the likelihood of a more severe selfish decision (table 6 column3) shows that low and middle social status appropriation decisions are also more likely to be carefully selfish than selfish whereas those by high social status users are more likely to be selfish than carefully selfish.

To gauge what could explain the particularities of the behavior of low, middle and high social status appropriators in water abundant and water scarce sitations, we included in the regressions individual characteristics of the appropriators. These characteristics are likely to influence the individuals’ perception of costs or benefits associated to non compliance to rules or are likely to influence their perception of the value of the resource. It is most interesting to assess the impact of these characteristics when the value of resource is at its highest; that is in the scarcity treatment. Therefore this treatment will be our main focus throughout our reporting but notable difference with the abundance treatment will be signaled. As the individual characteristics are expected to have different effects on the behavior of appropriators of different social status, interaction effects of the characteristics and social status are taken into account. 

First, we look at gender. As expected, the linear regression model shows that male appropriators exhibit on average more selfish appropriation levels in the scarcity treatment (table 5 column 3)
. Yet the negative sign of the interaction term of low social status and gender suggests that appropriation levels by male low social status appropriators are not necessarily different from those by female low social status appropriators. 

Second, we expect individuals with a highly trusting attitude
 to behave more trustworthy (Glaeser et al) and exhibit higher extent of rule compliance. But assuming the belief in trust in the community implies a belief in a community mechanism of social sanctions to ensure more socially optimal decisions (Hayami, 2009), we expect higher belief in trust to refrain low social status individuals more than high social status individuals from decisions that are not optimal for the community as sanctions may have more severe impact. The results from the random components linear regression (table 5 column 4), however, show that appropriators with a more trusting attitude appropriate in a more selfish way in the scarcity treatment. But this seems only the case for highly trusting high social status users as there is a (negative) interaction effect of high levels of trust and low social status. The probit model also shows that low social status appropriators with more trusting attitudes are more inclined to prefer equal appropriation levels over careful selfish ones than high social status appropriators with more trusting attitudes which strokes with our expectations (table 7 column 4). 

Looking at the probit estimations for the scarcity treatment, an even more nuanced picture of the effect of trusting attitudes on appropriation by social status is possible. When low or middle social status users are moderately trusting, this is more likely to drive them to careful selfish appropriation decisions than it would to moderately trusting high social status appropriators. Remarkably, the effect of moderate levels of trust drives these low and middle social status appropriators towards carefully selfish ones away from equal split and away from selfish decisions (table 6 column 4 and table 7 column 4).
Although Glaeser et al. (2000) and Karlan (2005) observed that more trusting individuals behaved more trustworthy, in our case this only seems the case for low and middle social status individuals and not for individuals with a high social status. Community mechanisms where social capital works to make people comply with community norms seems to be less effective for high social status individuals (Hayami, 2009) This, however, is in line with observation by social psychologists  that powerful individuals are less affected by norms and by social pressure and less inclined to adapt their behavior to take considerations of others ((Fiske, 1993; Fiske & De´pret, 1996, Brauer and Bourhis, 2006, Van Kleef et al. 2006, Keltner et al., 2003). 

Third, real life experiences of problems with access to water are expected to increase the value assigned to the resource and we expect individuals who experienced water problems to be more sensitive to the impact of water access problems and thus to behave more selfishly in the experiment. Looking at the probit model (table 6 column 4) learns us that having experienced problems with access to water increases the likelihood for selfish rather than carefully selfish appropriation decisions, which is in line with expectations. Yet the linear model shows that appropriations by low social status users with an experience of water problems are less selfish than those by high social status users with water problems (table 5 column 3). Possibly, the potentially increased value of the resource because of problematic experiences with water does not outweigh costs that low social status users seem to associate with appropriating in a more selfish way. 

Fourth, we anticipate that having experienced food insecurity in real life will induce more selfishness in appropriation decisions because deprivation makes resource access acutely necessary and raises its value. This is confirmed by the data (table 5 column 3 and 4). But the linear model (confirmed by a trend in random components model not significant at 90% CI) shows that appropriation decisions by low social status users move less to selfish decisions than those by high social status users. Again, for low social status users, the increased value of the resource induced by food insecurity experiences does not seem to outweigh the (social) costs that these users are expecting if they show rule breaking appropriation behavior.  

Fifth, having off-farm income sources, called outside options here, can have two opposing effects. On the one hand, we can expect users with outside options to behave less selfishly because the resource is not only means to earning income and the perceived value of resource will be lower. On the other hand if selfish behavior is avoided out of fear of potential punishment, having an outside option may lower the relative costliness of such punishment and more selfish behavior may be expected. In the scarcity treatment of the experiment, it does not make a difference for appropriation decisions whether users have outside options or not (table 5 column 3 and 4). But in abundance treatment, outside options make appropriators appropriate less selfishly. And the linear regression results suggest this only applies for high social status appropriators (table 5 column 1 and 2)
. This may be due to lower values assigned to the resource because of the outside options. Conversely, low and middle social status appropriators, who are on average rather altruistic in the abundance treatment, show less altruism when they have outside options. A potential clue to understanding the latter: If low and middle social status appropriators choose altruistic appropriations because they fear costly (social) punishments, having outside options could milder the potential impact thereof. 

Sixth, having a network, which is defined as having at least one gift or donation exchange in the last 12 months, is taken as an indication of the number of social exchange relations of the individual. We expect that individuals with more social exchange relations will deviate less from norms and behave less selfishly because they have exchange interactions where wrongful behavior in a certain domain can affect other interactions (Greif, 2006). As expected having a network makes users to appropriate in a less selfish matter (table 5 column 4). But, this only seems to be the case for users of a high social status. This is suggested by the negative sign of the interaction effect of the network and the middle and low social status variables.  

Digging deeper into the effect of having a network on appropriation decisions by looking at the probit model (table 7 column 4), it seems to induce more equal sharing than careful selfish decisions among the networked high social status users. Oppositely, among the networked middle and low social status users, it induces more careful selfish decisions than equal sharing. And there is an indication (not highly significant) that decisions by networked middle social status are more likely to be severely selfish than carefully selfish (table 6 column 4). These observations are somewhat puzzling. For high social status users the network seems to work as a social exchange forum and may inhibit selfish behavior because it could negatively affect any social exchange. For middle and low social status users another dynamic seems at work. A possible explanation is that a network serves a different purpose for low and middle social status and rather functions as an outside option
. 

	Upstream user’s appropriation decisions (1=altruistic, 2=equal sharing, 3= carefully selfish, 4=severely selfish)

	
	Column 1 : ABUNDANCE - LINEAR
	Column 2: ABUNDANCE – LINEAR RANDOM EFFECTS 
	Column 3 : SCARCITY - LINEAR
	Column 4 :SCARCITY – LINEAR RANDOM EFFECTS 

	(Intercept)                       

Low social status                     

Middle social status               

Male
Moderately trusting                 

Highly trusting                

Water problem experience     
Food insecure                             

Outside options                            

Networked 
Low social status * Male                

Middle social status * Male          

Low social status * Moderately trusting  
Middle social status * Moderately trusting  

Low social status * Highly trusting            

Middle social status * Highly trusting          

Low social status * Water problem exp 

Middle social status * Water problem exp 

Low social status * Food insecure         

Middle social status * Food insecure      

Low social status * Outside options        

Middle social status * Outside options  

Low social status * networked    

Middle social status * networked         


	Coeff 
 S. E.
T value 
3.76426
0.33836
11.125***
-2.61875
0.40814
-6.416***
-1.65803
0.43620
-3.801***
-0.07521
0.20997
-0.358

-0.07563
0.23368
-0.324

1.52266
0.30106
5.058***
0.22249
0.20878
1.066

-1.07274
0.36952
-2.903**
-0.48043
0.21682
-2.216*
-1.28273
0.22688
-5.654***
0.17959
0.27339
0.657

0.78535
0.29019
2.706**
0.82836
0.29036
2.853**
-0.18342
0.30147
-0.608

-1.31432
0.41093
-3.198**
-1.92982
0.37693
-5.120***
-0.43032
0.26683
-1.613 ,
-0.41377
0.29407
-1.407 ,
0.44125
0.48499
0.910

0.06243
0.47539
0.131

0.48818
0.29654
1.646 ,
0.43636
0.35573
1.227

1.48486
0.27513
5.397***
1.03185
0.28477
3.623***

	Coeff 
 S. E.
T value 
3.76426
0.61955
6.076***
-2.61875
0.74733
-3.504***
-1.65803
0.79869
-2.076***
-0.07521
0.38447
-0.196

-0.07563
0.42787
-0.177

1.52266
0.55126
2.762***
0.22249
0.38228
0.582

-1.07274
0.67660
-1.585
,

-0.48043
0.39700
-1.210
,
-1.28273
0.41543
-3.088***
0.17959
0.50059
0.359

0.78535
0.53135
1.478
,
0.82836
0.53165
1.558
,
-0.18342
0.55200
-0.332

-1.31432
0.75244
-1.747
,
-1.92982
0.69018
-2.796***
-0.43032
0.48859
-0.881

-0.41377
0.53845
-0.768

0.44125
0.88803
0.497

0.06243
0.87046
0.072

0.48818
0.54297
0.899

0.43636
0.65136
0.670

1.48486
0.50377
2.947***
1.03185
0.52143
1.979*


	Coeff 
 S. E.
T value 
3.144208
0.31691
9.921***
-0.79903
0.37641
-2.123*
-1.37170
0.40322
-3.402***
0.45839
0.19002
2.412*
-0.05248
0.21496
-0.244

1.73829
0.45684
3.805***
-0.13569
0.20748
-0.654

0.85650
0.33356
2.568*
-0.06572
0.28185
-0.233

-1.20520
0.21976
-5.484***
-0.43858
0.24342
-1.802 .
0.23196
0.26126
0.888

1.07977
0.26251
4.113***
0.02299
0.27673
0.083

-1.47069
0.52576
-2.797**
-0.85061
0.50381
-1.688 .
-0.47121
0.25518
-1.847 .
-0.00529
0.27574
-0.019

-1.69273
0.43625
-3.880***
-0.93649
0.42391
-2.209*
-0.40340
0.33442
-1.206

0.17080
0.37576
0.455

1.55280
0.26134
5.941***
1.45048
0.26783
5.416***

	Coeff 
 S. E.
T value 
3.14420
0.76646
4.102***
-0.79903
0.91037
-0.878

-1.37170
0.97521
-1.407 ,
0.45839
0.45959
0.997

-0.05248
0.51990
-0.101

1.73829
1.10490
1.573 ,
-0.13569
0.50181
-0.270

0.85650
0.80674
1.062

-0.06572
0.68168
-0.096

-1.20520
0.53152
-2.267*
-0.43858
0.58873
-0.745

0.23196
0.63189
0.367

1.07977
0.63491
1.701 ,
0.02299
0.66930
0.034

-1.47069
1.27158
-1.157

-0.85061
1.21850
-0.698

-0.47121
0.61716
-0.764

-0.00529
0.66690
-0.008

-1.69273
1.05509
-1.604 ,
-0.93649
1.02524
-0.913

-0.40340
0.80881
-0.499

0.17080
0.90879
0.188

1.55280
0.63208
2.457**
1.45048
0.64777
2.239*



	Residual standard error: 

Multiple R-squared: 
Adjusted R-squared: 

F-statistic:
 p-value: 

AIC:

LogLik:
	0.7796 on 326 DF
0.4084
0.3666 

9.784 on 23 and 326 DF

< 2.2e-16


	805.3

-376.7 
	0.9771 on 636 DF

0.2521

0.225

9.32 on 23 and 636 DF

< 2.2e-16


	1738

-834

	Groups: hhid   (Intercept) Variance:
Groups: hhid   (Intercept) Std.Dev :

Residual Variance:
Residual Std.Dev:

Number of obs: 

Nbr of groups: hhid: 
	
	0.33301
0.57707
0.37286
0.61062
350

70
	
	0.49577  
0.70411
0.62727 
0.79201
660

66

	Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1  ‘ ,’ 0.15 ‘ ’ 1


Table 5 : Appropriation decisions by upstream users in scarcity and abundance treatment 

	Likelihood upstream user opts for carefully selfish appropriation level (=1) over severely selfish appropriation level (=0)

	
	Sample : appropriation decisions in abundance treatment
	Sample : appropriation decisions in scarcity treatment

	
	Column 1 :ABUNDANCE – Probit 1
	Column 2: ABUNDANCE – Probit 2
	Column 3: SCARCITY – Probit 3
	Column 4: SCARCITY – Probit 4

	(Intercept)                       

Low social status                     

Middle social status               

Male
Moderately trusting                 

Highly trusting                

Water problem experience     
Food insecure                             

Outside options                            

Networked 
Low social status * Male                

Middle social status * Male          

Low social status * Moderately trusting  
Middle social status * Moderately trusting  

Low social status * Highly trusting            

Middle social status * Highly trusting          

Low social status * Water problem exp 

Middle social status * Water problem exp 

Low social status * Food insecure         

Middle social status * Food insecure      

Low social status * Outside options        

Middle social status * Outside options  

Low social status * networked    

Middle social status * networked         


	Coeff 
 S. E.
Z value 
-0.2654
0.1936
-1.371 ,
0.8549
0.3696
2.313*
1.1612
0.3403
3.412***

	Coeff 
 S. E.
Z value 
-1.882
1.058
-1.779

23.873
2308.788
0.010

6.8995
581.607
0.012

1.0121
0.9748
1.038

0.1785
1.0445
0.171

-0.9681
0.9167
-1.056

-0.3064
0.8007
-0.383

3.208
2293.192
0.001

0.6650
0.5712
1.164

0.6799
0.5354
1.270

10.794
1280.685
0.008

-5.794
1568.512
-0.004

-16.586
1694.187
-0.010

-0.1785
1.3537
-0.132

-26.772
3788.317
-0.007

5.6447
676.273
0.008

NA
NA
NA

-1.267
1672.871
-0.001

NA
NA
NA

NA
NA
NA

-11.997
1280.685
-0.009

NA
NA
NA

-5.588
905.581
-0.006

0.9621
1.0591
0.908


	Coeff 
 S. E.
Z value 
-0.4521
0.1403
-3.223**

0.2665
0.1789
1.489 ,
0.7498
0.1922
3.901***


	Coeff 
 S. E.
Z value 
-11.151
1021.013
-0.011

8.4073
1021.014
0.008

17.926
1071.340
0.017

5.5759
973.498
0.006

-0.5024
0.7247
-0.693

0.7563
435.363
0.002

-1.1108
0.7476
-1.486 ,
6.6866
307.847
0.022

5.7238
307.848
0.019

0.3545
0.6488
0.546

-6.3115
973.498
-0.006

-4.5195
973.498
-0.005

2.6013
0.9938
2.617**
2.5466
0.8478
3.004**
3.6089
435.364
0.008

-0.6205
435.363
-0.001

0.3528
0.8320
0.424

-0.2237
1.0041
-0.223

-6.4127
307.848
-0.021

-7.4634
307.848
-0.024

-4.7861
307.848
-0.016

-12.8285
447.293
-0.029

0.2284
0.7304
0.313

-0.8670
0.7767
-1.116



	Null deviance: 

Residual deviance: 

Nb of Fisher Scoring its: 

AIC: 
	119.07  on 87  DF
104.86  on 85 DF
4
110.86
	115.174  on 84 DF
71.469  on 65  DF
17

111.47
	426.00  on 308  DF
409.67  on 306  DF
4

415.67
	413.63  on 299  DF
248.78  on 276 DF
16

296.78

	Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1  ‘ ,’ 0.15 ‘ ’ 1


Table 6: Comparison of carefully selfish and severely selfish appropriation decisions by upstream users in scarcity and abundance treatment 

	Likelihood upstream user  opts for carefully selfish appropriation level (=1) over equal sharing (=0)

	
	Sample : appropriation decisions in abundance treatment
	Sample : appropriation decisions in scarcity treatment

	
	Column 1: ABUNDANCE – Probit 1
	Column 2: ABUNDANCE – Probit 2
	Column 3: SCARCITY – Probit 3
	Column 4: SCARCITY – Probit 4

	(Intercept)                       

Low social status                     

Middle social status               

Male
Moderately trusting                 

Highly trusting                

Water problem experience     
Food insecure                             

Outside options                            

Networked 
Low social status * Male                

Middle social status * Male          

Low social status * Moderately trusting  
Middle social status * Moderately trusting  

Low social status * Highly trusting            

Middle social status * Highly trusting          

Low social status * Water problem exp 

Middle social status * Water problem exp 

Low social status * Food insecure         

Middle social status * Food insecure      

Low social status * Outside options        

Middle social status * Outside options  

Low social status * networked    

Middle social status * networked         


	Coeff 
 S. E.
Z value
-0.7294
0.1618
-4.508***

0.1191
0.2524
0.472

0.5565
0.2394
2.325*


	Coeff 
 S. E.
Z value
5.52e-01
1.14e+00
0.482

4.20e-01
1.49e+00
0.281

-1.1e+01
6.32e+02
-0.017

2.70e-03
8.12e-01
0.003

3.19e-01
8.35e-01
0.383

7.34e+00
1.10e+03
0.007

4.20e-01
8.87e-01
0.474

3.85e+00
3.53e+02
0.011

-8.64e-01
5.37e-01
-1.606 ,
-1.3e+00
6.11e-01
-2.108*
1.48e+00
1.10e+00
1.346 ,
-1.2e+01
5.93e+02
-0.021

-1.8e+00
1.23e+00
-1.502 ,
-1.5e+00
1.07e+00
-1.373 ,
-1.0e+01
1.10e+03
-0.009

-7.9e+00
1.10e+03
-0.007

-1.0e+00
1.03e+00
-0.995

4.63e+00
3.53e+02
0.013

-1.1e+01
1.16e+03
-0.010

NA
NA
NA

-4.23e-01
9.78e-01
-0.433

1.76e+01
7.91e+02
0.022

2.08e+00
7.89e-01
2.640**
2.93e+00
9.73e-01
3.020**

	Coeff 
 S. E.
Z value
-0.7706
0.1241
-6.210***

0.8825
0.1761
5.011***

0.8039
0.1712
4.696***


	Coeff 
 S. E.
Z value
-9.4105
355.317
-0.026

9.1496
355.318
0.026

6.7402
355.317
0.019

4.8500
177.425
0.027

-0.4150
0.4920
-0.843

4.3131
0.7742
5.571***
-0.4787
0.5609
-0.853

7.0220
307.847
0.023

5.0234
307.847
0.016

-1.0154
0.8304
-1.223 ,
-6.1235
177.425
-0.035

-5.5414
177.425
-0.031

2.0043
0.9754
2.055*
1.6983
0.6241
2.721**
-1.5722
1.3279
-1.184 ,
NA
NA
NA

-0.5699
0.7083
-0.805

-0.3843
0.7727
-0.497

-2.0739
640.835
-0.003

-7.1257
307.848
-0.023

-5.5107
307.847
-0.018

-3.2313
307.848
-0.010

1.5882
0.9542
1.665 .
2.4500
0.9458
2.590**


	Null deviance: 

Residual deviance: 

Nb of Fisher Scoring its: 

AIC: 
	210.81  on 171  DF
205.05  on 169  DF
4

211.05
	204.57  on 167  DF
126.24  on 145  DF
17

172.24
	462.47  on 340  DF
429.77  on 338  DF
4
435.77
	454.29  on 335  DF
241.60  on 313  DF
16
287.60

	Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1  ‘ ,’ 0.15 ‘ ’ 1


Table 7: Comparison of carefully selfish and equal sharing appropriation decisions by upstream users in scarcity and abundance treatment 

4. Responsiveness to sanctioning, resource scarcity and power status
Sanctioning rule breaking behaviour is only effective if the sanctioned user converges back to extraction levels that are in accordance to the commonly accepted distribution rules. In this section, we appraise the upstream users’ responsiveness to sanctioning in the experiment. 

	Severely selfish appropriation in t-1 and sanctioned in t-1 (30 out of 34 severely selfish appropriation cases) (round 2 to 5) (26 non missing)

	Reactions upstream in T 
	Severely selfish in t
	Carefully selfish in t
	equal in t
	altruist in t

	Low social status  upstream user
	50.0%
	25.0%
	25.0%
	0.0%
	4

	Middle social status  upstream user
	66.7%
	0.0%
	33.3%
	0.0%
	3

	High social status  upstream user
	63.2%
	21.1%
	15.8%
	0.0%
	19

	
	61.5%
	19.2%
	19.2%
	0.0%
	26


Table 8: responsiveness to sanctioning after severely selfish appropriation decisions in t-1 under abundance treatment
	carefully selfish appropriation in t-1 and sanctioned in t-1 (33 out of 47 carefully selfish appropriation cases) (round 2 to 5) (29 non missing)

	Reactions upstream in T 
	selfishdep in t
	selfishnodep in t
	equal in t
	altruist in t

	Low social status  upstream user
	14.3%
	42.9%
	42.9%
	0.0%
	7

	Middle social status  upstream user
	8.3%
	58.3%
	16.7%
	16.7%
	12

	High social status  upstream user
	50.0%
	0.0%
	40.0%
	10.0%
	10

	
	24.1%
	34.5%
	31.0%
	10.3%
	29


Table 9: responsiveness to sanctioning after carefully selfish appropriation decisions in t-1 under abundance treatment
In abundance treatment, 60% of severely selfish appropriation decisions in t-1 that were sanctioned in t-1 persist in their behavior. The other 40% of severely selfish appropriation decisions  in t-1 that were sanctioned in t-1, switch to appropriation levels that do not deprive their downstream user from reaching the productivity threshold by switching to carefully selfish appropriation or equally sharing (table 8). 
Sanctioned carefully selfish appropriation decisions in t-1 are more likely to change than the severely selfish appropriation decisions (sign diff at 90% confidence level) (table 9). 31% of carefully selfish appropriation decisions switch to equal sharing and 10% to altruistic appropriation levels. And 24% of carefully selfish appropriation decisions however switch to severely selfish behavior. Because of the small number of cases it is impossible to make statistically meaningful distinctions between corrective behaviour by of users of different social status.
Resource scarcity makes all appropriation decisions by upstream users less responsive to sanctioning, regardless of the social status of the upstream users. but under the resource scarcity treatment, it seems severely selfish appropriation decisions are more likely to be corrected after been sanctioned. Making statically meaningful comparisons between responsiveness to sanctioning by social status of upstream users is difficult because of small sample sizes. 

	 
	low status
	 
	 
	 
	 

	 
	altruist in t
	equal in t
	careful self in t
	severe self in t
	 

	altruist in t-1
	50.0%
	0.0%
	0.0%
	50.0%
	4

	equal in t-1
	50.0%
	0.0%
	50.0%
	0.0%
	2

	careful self in t-1
	0.0%
	7.9%
	71.1%
	21.1%
	38

	severe self in t-1
	15.8%
	10.5%
	12.3%
	61.4%
	57

	 
	11.9%
	8.9%
	34.7%
	44.6%
	101

	 
	middle status
	 
	 
	 
	 

	 
	altruist in t
	equal in t
	careful self in t
	severe self in t
	 

	altruist in t-1
	0.0%
	0.0%
	0.0%
	100.0%
	1

	equal in t-1
	0.0%
	90.0%
	10.0%
	0.0%
	10

	careful self in t-1
	4.8%
	2.4%
	83.3%
	9.5%
	42

	severe self in t-1
	0.0%
	28.0%
	8.0%
	64.0%
	25

	 
	2.6%
	21.8%
	48.7%
	26.9%
	78

	 
	high status
	 
	 
	 
	 

	 
	altruist in t
	equal in t
	careful self in t
	severe self in t
	 

	altruist in t-1
	61.5%
	7.7%
	7.7%
	23.1%
	13

	equal in t-1
	25.0%
	62.5%
	0.0%
	12.5%
	8

	careful self in t-1
	5.0%
	15.0%
	70.0%
	10.0%
	20

	severe self in t-1
	20.0%
	2.5%
	2.5%
	75.0%
	40

	 
	23.5%
	12.3%
	19.8%
	44.4%
	81


Table 10: responsiveness to sanctioning under the scarcity treatment 

5. Water scarcity and compliance to sanctioning
Mutual monitoring and sanctioning is a well-known mechanism of self-governed common pool resource governance to enforce rule compliance necessary for tackling appropriation challenges. The success of this mechanism depends on the extent to which users whom monitored infringement of the commonly accepted resource extraction rules sanction the defecting users.  In analyzing the data of the experiment, we take that a downstream user complies with sanctioning mechanisms if he reacts either by expressing dissatisfaction or by calling for a penalty through a mediator in response to an appropriation decision by the upstream user that is deemed an infringement of the rules. 
The analysis of upstream users’ appropriation decisions underscored that avoidance of competition and distributive conflict and assuring everybody’s right to water are highly valued norms. We inferred that large (uncalculated) costs must be associated to infringing on these norms as many upstream users forsake important resource benefits to avoid breaking these rules as much as viable. 
Keeping these findings in mind, we expect the following sanctioning behavior by the downstream users in the abundance treatment of the experiment. If downstream users want to defend their right to water, we expect them to sanction as a reaction to severely selfish appropriation decisions upstream users that deprive the downstream user from reaching the productively threshold. If the non-competition rule is very highly valued in these communities, it also leaves us to expect downstream users will sanction behavior that is not in line with this rule and sanction any selfish appropriation decision, also carefully selfish appropriation decisions. We expect this because the non-competition rule has been broken  and not because carefully selfish appropriation decisions deprive them from reaching the productivity threshold.
As expected, equal sharing of resource units and altruistic appropriation decisions by the upstream users in the abundance treatment are generally not sanctioned by the downstream user but rather rewarded by communicating satisfaction to the upstream user (table 10). Second, downstream users react with sanctioning of upstream users’ appropriation decisions that are severely selfish and deprive the downstream user from reaching threshold (90% of 42 severely selfish decisions sanctioned). This is no surprise. It suggests downstream users sanction to defend their right to water. Third, carefully selfish appropriation decisions that still allow the downstream user to reach the threshold are sanctioned surprisingly often (67.8% of 59 carefully selfish decisions sanctioned). A substantial percentage of those sanctions involve the punishment that is also costly to the downstream user (23.7% of carefully selfish decisions sanctioned with costly punishment). This reflects that downstream users deem the non-competition rule to be very important and some even forsake individual benefits to sanction such rule breaking.  
	 
	reaction by downstream
	punish
	disagree
	silence
	agree
	 

	decision by upstream
	Severely selfish  
	52.4%
	38.1%
	4.8%
	4.8%
	42

	 
	Carefully selfish in t
	23.7%
	44.1%
	16.9%
	15.3%
	59

	 
	equal in t
	3.1%
	12.6%
	15.7%
	68.5%
	127

	 
	altruist in t
	6.2%
	6.2%
	19.3%
	68.3%
	161

	 
	 
	12.9%
	17.5%
	16.2%
	53.5%
	389


Table 10: reactions by downstream users to different appropriation decisions by upstream users in the abundance treatment
Because water scarcity changes the stakes and makes avoiding competition and assuring everybody’s right to water not reconcilable. In addition, nor individual efficiency nor social efficiency can be attained and striving for extraction levels above the productivity threshold implies breaking the non-competition rule and the rule of allowing everybody to access water. Previously, we observed a shift in the appropriation behavior of upstream users. Likewise, we expect resource scarcity to affect sanctioning behavior by the downstream users. We still expect severely selfish appropriation behavior to be sanctioned as it infringes both principal rules that govern resource distribution in these CPR systems. But if efficiency is a respected individual and societal goal, we expect downstream users to sanction equal sharing of resource units as well as it is the worst choice with regard to individual efficiency and to social efficiency. Yet if the non-competition rule is more valued than efficiency, this should reflect from a low percentage of equal sharing appropriation decisions sanctioned by the downstream users. If, however, both the non-competition rule and everybody’s right to water are valued more than individual gains, we expect downstream users to be lenient towards carefully selfish appropriation decisions  because the downstream users understand this is only way upstream users can reach the productivity threshold while complying to the non-competition rule as much as possible.
The exploratory data analysis of sanctioning behavior in the water scarcity treatment confirms that selfish appropriation decisions by the upstream user are sanctioned by the downstream user in most cases, either by calling a mediator or by expressing dissatisfaction to the upstream user (table 11). But downstream users respond differently to severely selfish and carefully selfish appropriation decisions by the upstream user. Severely selfish appropriation decisions are sanctioned more often than carefully selfish appropriation decisions and more often by calling for a punishment rather than by expression dissatisfaction. But carefully selfish appropriation decisions are also sanctioned to a high degree (74% of 154 carefully selfish appropriation decisions are sanctioned) but with softer punishment. This leaves us to concluded there is some lenience towards carefully selfish appropriation decisions suggesting some downstream users understand that upstream users try to reconcile the non-competition rule and with respect to everybody’s right to water. But the non-competition rule must be of core importance and efficiency lowly valued as a low proportion of equal sharing appropriation decisions are sanctioned by the downstream users (11.9% of 218 equal sharing appropriation decisions). Unexpectedly, 14,1% of 191 altruistic appropriation decisions are sanctioned by downstream users. 
	
	 
	reaction by downstream
	punish
	disagree
	silence
	agree
	 

	
	
	all selfish
	31.2%
	45.3%
	6.5%
	17.1%
	369

	
	decision by upstream
	Severely selfish  
	42.3%
	35.8%
	6.0%
	15.8%
	215

	
	 
	carefully selfish (7 hours)
	15.6%
	58.4%
	7.1%
	18.8%
	154

	
	 
	equal in t
	1.8%
	10.1%
	24.8%
	63.3%
	218

	
	 
	altruist in t
	3.1%
	11.0%
	28.3%
	57.6%
	191

	
	 
	 
	16.1%
	27.0%
	17.0%
	40.0%
	778


Table 11: reactions by downstream users to different appropriation decisions by upstream users in the scarcity treatment
6. Water scarcity, power status and compliance to sanctioning
Next we will check whether the social status of the downstream user makes a difference for his compliance to sanctioning. And we will assess the interactions between social status and water scarcity because we anticipate that resource scarcity will affect sanctioning behaviour of high and low social status downstream users in a different way.  We expect this to be the case because, on the one hand we believe downstream users of different social status may assign a different value to the various rules. On the other hand, we think downstream users may also be refrained from sanctioning because they fear (costly) repercussions and we expect low social status downstream users to be more refrained because of these. 
First, in abundance treatment, we see that high social status downstream users sanction selfish appropriation decisions more often than low social status downstream users (table 12). And they sanction carefully selfish behaviour much more often than low social status users. This suggests that high social status users value the non-competition rule very highly but also they there are not refrained from sanctioning by feared (costly) repercussions. But we observe both among low social status and high social status downstream users some lenience towards carefully selfish decisions as these are more often sanctioned by expressing disagreement rather than by costly punishment. 
	Social status of downstream user
	 
	punish
	disagree
	silence
	agree
	 

	Low status
	Severely selfish  
	42.1%
	47.4%
	5.3%
	5.3%
	19

	 
	Carefully selfish
	14.3%
	21.4%
	35.7%
	28.6%
	14

	 
	equal 
	4.2%
	4.2%
	10.4%
	81.3%
	48

	 
	altruist 
	5.6%
	3.7%
	24.1%
	66.7%
	54

	 
	 
	15
	16
	24
	80
	135

	 
	 
	punish
	disagree
	silence
	agree
	 

	 
	 
	 
	 
	 
	 
	 

	Middle status
	Severely selfish  
	57.1%
	28.6%
	0.0%
	14.3%
	7

	 
	Carefully selfish
	22.7%
	59.1%
	4.5%
	13.6%
	22

	 
	equal 
	5.0%
	30.0%
	22.5%
	42.5%
	40

	 
	altruist 
	7.1%
	10.7%
	8.9%
	73.2%
	56

	 
	 
	15
	33
	15
	62
	125

	 
	 
	punish
	disagree
	silence
	agree
	 

	High status
	 
	 
	 
	 
	 
	 

	 
	Severely selfish  
	62.5%
	31.3%
	6.3%
	0.0%
	16

	 
	Carefully selfish
	30.4%
	43.5%
	17.4%
	8.7%
	23

	 
	equal 
	0.0%
	5.1%
	15.4%
	79.5%
	39

	 
	altruist 
	6.5%
	2.2%
	21.7%
	69.6%
	46

	 
	 
	20
	18
	21
	65
	124


Table 12: reactions by downstream users of different social status to different appropriation decisions by upstream users in the abundance treatment
Resource scarcity affects sanctioning behaviour from downstream users of different social status differently. Comparing table 12 and table 13 shows that high social status downstream keep on sanctioning most of the severely and most of the carefully selfish appropriation decisions in the scarcity treatment. Yet they are a bit more relaxed on the carefully selfish appropriation decisions as they express disagreement rather than using a punishment. Next, even if resource are scarce high social status users keep on valuing the non-competition rule highly and do not shun sanctioning because of potential (costly) repercussions. In addition, higher proportions of equal sharing appropriation decisions are sanctioned by high social status downstream users than by others. This suggests more high social status downstream users are more efficiency minded. 

Oppositely, low social status downstream users are much less inclined to sanction severely selfish appropriation decisions in the scarcity treatment than in the abundance treatment. They are still only moderately inclined to sanction carefully selfish behaviour but this a bit more so in the scarcity treatment than in the abundance treatment. Low social status downstream users seem to be much more understanding than high social status downstream users for upstream users that try to reconcile their right to water with avoiding competition by opting for careful selfishness. Or they expect more (costly) repercussions.
	Social status of downstream users
	 
	punish
	disagree
	silence
	agree
	 

	 Low social status
	Selfish all  
	26.4%
	32.0%
	7.2%
	34.4%
	125

	
	severely selfish
	30.1%
	32.5%
	4.8%
	32.5%
	83

	 
	selfish careful 7 hours
	19.0%
	31.0%
	11.9%
	38.1%
	42

	 
	equal 
	0.0%
	6.6%
	21.1%
	72.4%
	76

	 
	altruist 
	0.0%
	2.9%
	30.9%
	66.2%
	68

	 
	 
	33
	47
	46
	143
	269

	 
	 
	punish
	disagree
	silence
	agree
	 

	 Middle social status
	Selfish all  
	28.2%
	50.8%
	7.3%
	13.7%
	124

	
	severely selfish
	39.0%
	44.1%
	6.8%
	10.2%
	59

	 
	selfish careful 7 hours
	18.5%
	56.9%
	7.7%
	16.9%
	65

	 
	equal 
	2.9%
	5.7%
	32.9%
	58.6%
	70

	 
	altruist 
	10.7%
	19.6%
	14.3%
	55.4%
	56

	 
	 
	43
	78
	40
	89
	250

	 High social status
	 
	punish
	disagree
	silence
	agree
	 

	
	Selfish all  
	39.2%
	53.3%
	5.0%
	2.5%
	120

	 
	severely selfish
	58.9%
	32.9%
	6.8%
	1.4%
	73

	 
	selfish careful 7 hours
	8.5%
	85.1%
	2.1%
	4.3%
	47

	 
	equal 
	2.8%
	18.1%
	20.8%
	58.3%
	72

	 
	altruist 
	0.0%
	14.0%
	26.3%
	59.6%
	57

	 
	 
	49
	85
	36
	79
	249


Table 13: reactions by downstream users of different social status to different appropriation decisions by upstream users in the scarcity treatment
7. Determinants of different compliance to sanctioning between users of different power status 

We observed that downstream users respond differently to severely selfish and careful selfish appropriation decisions by the upstream user. In what follows we distinguish between reactions to these two types of selfish appropriation decisions. In addition sanctioning behavior differed between treatments and between downstream appropriators of different social status. We now dig deeper into these differences by looking at individual characteristics of downstream users to explain different behaviour. 
In first instance, we estimate the likelihood that the downstream user sanctions as a response to a carefully selfish appropriation decision by the upstream user by using a probit model (column 2, table 14) and a random components probit model (column 3, table 14)
. Different sanctioning behavior between treatments and between downstream appropriators of different social status is taken into account by including these as dummy variables. A number of individual characteristics of the downstream users are also included in the probit models because these characteristics are likely to influence the individuals’ perception of costs or benefits associated to sanctioning an other user or are likely to influence their perceived value of the resource 
. Although interaction effects between users’ social status and the other variables are likely we did not include these because of the small sample size. In second instance we estimate the likelihood that the downstream user sanctions as a response to a severely selfish appropriation decision by the upstream user with similar models (column 2 and 3, table 15).

We will first compare the likelihood that the downstream user reacts by sanctioning to a carefully selfish and to a severely selfish appropriation decision by the upstream user (comparing results in table 14 with those in table 15). Overall, by comparing the intercept coefficient between different probit models we conclude that sanctioning is more likely when the upstream user appropriated in a severely selfish way than when he was carefully selfish.  Next, downstream users are more likely to sanction carefully selfish appropriation decisions in the scarcity treatment than in the abundance treatment.  The main reason may be that in the abundance treatment carefully selfish appropriation levels do not deprive the downstream user from reaching the productivity threshold. Oppositely, downstream users are more likely to sanction severely selfish appropriation decisions in the abundance treatment than in the scarcity treatment. Apparently, severely selfish appropriation possibly gets more leeway under conditions of resource scarcity. 

Second, we evaluate the effect of the downstream users’ social status. Generally, downstream users with a low social status are less inclined to sanction than high social status downstream users no matter whether the upstream user’s appropriation was carefully or severely selfish (column 1, table 14 and table 15). This confirms that low social status users are more hesitant to sanction their counterparts because the perceived cost of repercussions too high or because they are more understanding for others to take their right to water. 
Third, there seems to be no outspoken effect of gender on sanctioning behavior. The standard probit models without random effects seem to suggest men are less likely to sanction carefully or severely selfish appropriation decisions (only sign at 85% CI) but the effect disappears if individual specific random effects are taken into account (column 3 in table 14 and table 15). 

Fourth, downstream users that are moderately or highly trusting are less likely to sanction the upstream user for carefully selfish appropriation behavior. Oppositely, there is a (weak) indication that moderately or highly trusting downstream users are more likely to sanction severely selfish appropriation behavior
. 

Fifth, although we expected that being networked would reduce the likelihood of sanctioning because of potential negative effects on other social interactions, we observe no significant effect of this individual trait on sanctioning behavior. 

Sixth, downstream users with outside options are much more likely to sanction carefully selfish appropriation behavior than downstream users without outside options. This is in line with our expectations. In such circumstances, downstream users probably weigh costs that may be invoked as repercussions for sanctioning against the benefits of sanctioning. Such benefits can consist of better shares of the resource in the future. The potential benefits however seem to have a lower weight in the scale if they have outside options. Probably water is of less vital importance for income generation. Oppositely, we do not see an effect of outside options on downstream user’s sanctioning behavior in reaction to severely selfish appropriation decisions. Possibly, in this case downstream users evaluate that sanctioning is less likely to bring potential benefits in the form of future better shares of the available resource units.  Then, having outside options is not enough to overcome the costs the downstream user foresees as a repercussion to him sanctioning.  

	Likelihood downstream user reacts to upstream user’s decision by sanctioning (=1) over not sanctioning (=0)

Sample : downstream user reactions that follow carefully selfish appropriation decision by upstream user

	 (Intercept)

Scarcity treatment
 

Low social status  

Middle social status
-
Male

Moderately trusting

Highly trusting

Networked

Outside options
	Column 1: Probit 1

Coeff 
 S. E.
Z value 

0.9647
0.2537
3.802 ***
 

0.4401
0.2308
1.907 .
 

-1.3712
0.2778
-4.936 ***
 

-0.3814
0.2739
-1.393 ,


     -----         -----           -----

     -----         -----           -----

     -----         -----           -----

     -----         -----           -----

     -----         -----           -----
	Column 2: Probit 2

Coeff 
 S. E.
Z value 

1.2167
0.7151
1.702 . 
0.6473
0.2550
2.538 *  

-1.0862
 0.3528
-3.079 ** 

-0.3510
0.3219
-1.090
-0.4281
0.2813
-1.521 ,
-1.0241
0.5543
-1.848 .  

-1.3347
0.6100
-2.188*  

-0.1773
0.2685
-0.660 
1.2028
0.3058
3.934 ***
	Column 3: Probit 3: random effects
Coeff 
 S. E.
Z value 

1.8922
1.5863
1.1929 ,
0.7184
0.3850
1.8657 .

-1.6750
0.8209
-2.0404 *

-0.5388
0.8074
-0.6674
-0.1136
0.6775
-0.1677 

-1.6138
1.1424
-1.4127 , 

-2.2156
1.2888
-1.7191 .

-0.0946
0.6805
-0.1390 
1.7101
0.7466
2.2905 *

	Null deviance: 

Residual deviance: 

Nb of Fisher Scoring its: AIC: 

LogLik
	221.42  on 193  DF
189.21  on 190  DF
5
197.21


	 221.42 on 193 DF
162.10 on 185 DF
6

180.10

	162.6

-71.31

	
	
	
	Groups: hhid   (Intercept) 
Variance:1.8387   

Std.Dev :1.3560  
Number of obs: 194

Nbr of groups: hhid: 49

	Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1  ‘ ,’ 0.15 ‘ ’ 1


Table 14: Likelihood of downstream users sanctioning as a response to carefully selfish appropriation decisions by upstream users 

	Likelihood downstream user reacts to upstream user’s decision by sanctioning (=1) over not sanctioning (=0)

Sample : downstream user reactions that follow severely selfish appropriation decision by upstream user

	 (Intercept)

Scarcity treatment
 

Low social status  

Middle social status
-
Male

Moderately trusting

Highly trusting

Networked

Outside options
	Column 1: Probit 1

Coeff 
 S. E.
Z value 

2.0699
0.3954
5.236***

-0.4695
0.3295 
-1.425 ,
-1.1298
 0.3005
-3.760 ***

-0.3383
0.3587
-0.943 
     -----         -----           -----

     -----         -----           -----

     -----         -----           -----

     -----         -----           -----

     -----         -----           -----
	Column 2: Probit 2

Coeff 
 S. E.
Z value 

1.56669
0.64476
 2.430 * 

-0.43810 
0.34323
-1.276 , 

-0.98577
0.32611
-3.023 **

-0.05773
0.38220
-0.151
-0.34356
0.27072
-1.269 ,
0.75421
0.26783
2.816 **

0.43371
0.32414
1.338 , 

0.21958
0.26532
0.828 
-0.08898
0.26958
-0.330 
	Column 3: Probit 3: random effects
Coeff 
 S. E.
Z value 

3.67173 
2.61687
1.4031 ,
-0.64563
0.50575
-1.2766 ,
-2.36526
1.60337
-1.4752 ,
0.04148
2.03165
0.0204 
-0.39470 
1.21913
-0.3238 
0.83437
 1.35660
0.6150 
0.26824
1.65954
0.1616 
0.74544
1.26341
0.5900 
-0.50070 
1.36913
-0.3657

	Null deviance: 

Residual deviance: 

Nb of Fisher Scoring its: AIC: 

LogLik
	193.91  on 213  dgr of freedom

170.47  on 210  dgr of freedom

5

178.47

	190.13  on 203 dgr of freedom

156.51  on 195 dgr of freedom

6

174.51

	151.7

-65.87

	
	
	
	Groups: hhid   (Intercept) 
Variance:5.2227   

Std.Dev :2.2853  
Number of obs: 204

Nbr of groups: hhid: 39

	Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1  ‘ ,’ 0.15 ‘ ’ 1


Table 15: Likelihood of downstream users sanctioning as a response to severely selfish appropriation decisions by upstream users 

Conclusion
The principal rules guiding appropriation and sanctioning behavior in the studied irrigation sites seem to be based on ensuring that everybody’s right to water is preserved and avoiding competition. Avoiding competition may be important to maintain trust and safeguard the stability of the common pool resource governance system. Results show that appropriators give up on resource benefits to avoid breaking these rules, which implies high costs are associated to rule breaking. 
In resource abundant circumstances, low and middle social status users avoid rule breaking to the maximum by appropriation in an altruistic way. High social status users combine rule compliance with striving for more individually beneficial extraction levels as they mainly opt for equal sharing, although some do not comply with the rules and appropriate in a severely selfish way.
In resource scarce circumstances, rule compliance changes. Low and middle social status users now try to reconcile getting above minimum resource benefits with a minimum of rule breaking. It appears greater deviation from the rules involves greater costs which low and middle social status users try to avoid. Most high social status users keep on equally sharing resources but at a high cost by loosing resource benefits. Some however opt to optimize individual resource benefits and appropriate in severely selfish way. 
The differences in rule compliance behavior between users of different social status are due to differences in valuation of the resource and in expectations of costs associated to rule breaking. Low and middle social status users assign a high value to water but they also look at substantial costs when they do not comply with the rules. We infer this from observing less rule breaking appropriation when they strongly believe in community mechanisms for sanctioning and from observing more rule breaking when they have a social exchange network which functions as a source of off-farm income which reduces the impact of the costs. When water is of relative higher value due to experiences of food insecurity and water supply problems low and middle social status users do not exhibit more rule breaking. This implies the increased value of the resource does not outweigh costs associated to more rule breaking. Oppositely, higher values assigned to water due to experiences with food insecurity or water supply problems make higher social status more inclined to rule breaking suggesting costs associated to rule breaking are of relatively lesser importance to these users. 

Sanctioning behavior confirms that appropriators in the studied irrigation sites allocate higher importance to compliance to the non-competition rule than to optimizing economic benefits. High and low social status downstream users however show different sanctioning behaviour. High social status users sanction equal sharing quite often in the scarcity treatment which implies they find optimizing economic benefits important. High social status users sanction rule breaking most, both in the abundance and scarcity treatment. Low social status users sanction rule breaking less often and much less in the scarcity treatment. Either low social status users are more understanding that upstream users exercise their right to water or they anticipate more (costly) repercussions after sanctioning. Having outside options increases the likelihood to sanctioning carefully selfish behavior. This suggests that sanctioning must be associated to costs from anticipated repercussions which are of less importance for users with multiple sources of income. 
Overall, users social status or power status matters for their appropriation and sanctioning behaviour. As low and middle social status users refrain from breaking non-competition rules and rules defending everybody’s right to water as much as viable, they ultimately remain with smaller shares of the available resource units. Also their sanctioning behavior is less aggressive and thus less effective in claiming substantial shares of the available resource units. Most high social status users also refrain from breaking rules but some of them do not and appropriate the lion share of available resources. They are, however, more daring in sanctioning and claiming resources than low social status users. The differences in appropriation and sanctioning behavior appear to mostly due to differences in expected costs associated to rule breaking and in expected costs due to repercussions for sanctioning. 
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Appendix 1: Experimental procedures and instructions
[When people enter the meeting room, they are asked for their name. We have a list of invited candidates, a sample chosen from previously identified households by the irrigation mapping exercise. Their name is marked and they are given a sticker with an identity letter, which we ask them to stick on their shirt. It is explained that this identity letter is unique and allows us to identify them during the exercise while guaranteeing complete confidentiality. This is important, as they are able to earn real money in the exercise. They are asked to take a seat in the meeting room. Further instructions will be given once sufficient people have shown up.]

“Thanks for your interest. We are from the universities of Gent and Antwerp (Belgium) and we are making a study on local economic development and poverty. This study is important as it might help policymakers who are interested in combating poverty and stimulate economic development. We have been here in this village before to do an irrigation mapping exercise and a survey, in which many of you probably participated”.

“You are now invited to participate in a new exercise, which allows you to earn real money. How much you earn depends on the decisions you will be asked to make, as well as the decisions of other people in the village. Like in real life, the harvest you can get from irrigated farming depends on your decisions but also on decisions of other users of water.” 

“Participation is voluntary. Your decisions will be dealt with in a confidential way, i.e. nobody in the village will ever know your individual decisions, or the money you will have earned. The money you earn will be paid out to you privately and confidentially after the exercise. During the whole exercise, you are not allowed to communicate with the other participants.”

Part one – Water abundance treatment (5 rounds)

“In part 1 of the exercise, you are matched with one other person. Imagine that you and the other person are both connected to the same irrigation channel. One person is located immediately ‘upstream’ of the other person. We call the first person the ‘upstream person’, whereas we refer to the second person as the ‘downstream person’. Later we will inform you whether you are an upstream or a downstream person. It is important that you realize that you will never get to know the identity of this other person you are matched with. Nor will the other person ever get to know your identity.”

“As the water flow passes first by the upstream person, this person has the possibility to distribute the water flow between him/herself and the downstream person. He/she does this in the following way. We assume there is a constant flow of water and the upstream person has to decide how many hours he/she will extract water from the irrigation channel, from a total of 12 hours per day for each day of the month. It is important to realize that the downstream user cannot make use of the irrigation channel while the upstream user makes us of it. This means that the downstream user can only make use of the irrigation channel during the hours the upstream user does not make use of it. For instance, if the upstream user decides to use the water channel during 10 hours every day of the month, the downstream user will only be able to make use of the water channel during the remaining 2 hours each day of the month.” 

[Distribute decision cards for first exercise. Stick flipchart with decision card on the wall]

“To make decisions in the exercise you will make use of decision cards. On the decision card you received we will do a first exercise together. We pretend you all are an upstream user now. And you have to decide on the number of hours to make use of the water in the irrigation channel per day for a whole month. On the decision card, you observe 12 dots, representing the maximum number of hours one can make use of the irrigation channel. To make a decision you need to color the number of dots equal to the number of hours during which you wish to make use of the irrigation channel.”

[They keep the decision card. Distribute the production table for the abundance treatment. Stick flipchart with production table on the wall]

“The hours of water and thus the amount of water one is able to extract from the irrigation channel to irrigate his/her plot determines his/her income. The more water one uses on his/her plot, the more s/he can harvest and earn. How much one can earn is indicated in the production table. You observe three columns. In the first column, you observe the entire range of decision options for the upstream user. He can choose between 0 and 12 (included) number of hours (number of black dots) making use of the irrigation channel. The second column indicates the harvest and profit of the upstream user for a chosen number of hours. E.g if the upstream user decides to make use of the irrigation channel during 8 hours, s/he will obtain an income of 425 TSH from the harvest of the irrigated field. This means that the downstream user can only make use of it during the remaining 4 hours and will obtain an earning of 175 TSH. Another example: if the upstream user takes water during 6 hours every day, the downstream user will remain with 6 hours per day in that month. The upstream user will then earn 325 TSH, the downstream user 325 TSH. It is important that you realize that you can earn real money. The total you earn will be paid out to you after the end of the exercise.”

“In the production table, you also observe that there is a minimum required amount of water, equal to a flow of 4 hours per day, below which harvest is extremely low. In other words, if any of both users uses less than the minimum required water quantity, his/her production will be very low; he will only get 50 TSH. Above this threshold, harvest drastically increases, and the more water one uses, the higher his/her income.”

“Now look at the decision card: chose a number of hours of water you want to use and color the number of dots. Look on the production table how much the upstream user can earn if s/he gets that number of hours of water. And write this on the decision card.”

 [They now write on the decision card; they color dots to choose hours of water]

 “Now look at the third column of the production table which indicates the harvest and profit the downstream user will obtain. Write down the earnings of the downstream user on the decision card now.”

[Show the second part of the decision card on flip chart].

“After the upstream user made the decision on the hours of water he/she will use and wrote down his/her earnings and the earnings for the downstream user, the decision card will be given to the downstream user. He/she will then know the decision made by the upstream user. The downstream user knows that next month the upstream user will have to make a new distribution decision again. So, the downstream user may find it important to give his reaction regarding the decision made by the upstream user. The downstream user can take four different actions. First, he/she may decide to communicate to the upstream water user that he/she is satisfied with the amount of water and with the harvest he/she obtains. Second, he/she may decide to do nothing. Third, he/she may decide to communicate to the upstream water user that he/she is dissatisfied with the amount of water and with the harvest obtained. Fourth, the downstream user may decide to go to a mediator who punishes the upstream water user. The mediator punishes the upstream person by giving him/her a fine, which reduces his/her earnings by 100 TSH. The downstream user, however, has to pay a cost for resorting to the mediator (such as transport costs, ‘judicial’ cost, time…), of 30 TSH.”

“After the downstream user decides on his/her reaction to the upstream user, the decision card is returned to the upstream user. This person will look at it and then make a decision on the water distribution for the next month. 

[Distribute an ‘example’ decision card with 8 dots colored]

“We now distributed an example of a decision card. Imagine that you are a downstream user and, this month, the upstream user left a certain number of hours of water per day for you, the downstream user. You know that the upstream user will distribute water again next month. Now decide on your reaction to the distribution made by the upstream user. Mark an X under the action you want to take.”

[Distribute ‘example’ decision card with 12 dots for the upstream user and where a downstream user decided to punish the upstream user via the mediator]

“We now distributed an example of a decision card where an upstream user decided to use 12 hours of water. The downstream user was not happy with this. He called in a mediator for which he paid 30 TSH which he/she has to pay from his/her earnings. Calculate now how much remains for this downstream user.”

“At the same time, the upstream user was given a fine of 100 TSH which will be deduced from his/her earnings. Calculate now how much remains for the upstream user.”

Before the start of the experiment

[Distribute ID cards, which show ID letter and upstream/downstream role]

“It is important that you do not show to any one what is written on your ID card. And it is important to keep this card because you will need it to be paid out after this exercise. On the ID card you received you see your ID letter, the same as on your sticker, and you see if you are an upstream or a downstream user. Upstream users will have a triangle symbol on their ID cards, downstream users a square symbol.”

“Before starting with the exercise, we emphasize once again that it is important that you realize that you will never get to know the identity of the other person you are matched with, nor during nor after the exercise. Nor will the other person ever get to know your identity. We also ask you to give each other sufficient privacy, when taking decisions. Make sure that other people do not see the decision you write on the decision cards. Communication is not allowed during the exercise. If you have a question, please raise your hand, so that one of us can come to you to answer your question in private.”

“You will now do the same exercise as we did together: some of you are upstream users, others are downstream users. You will be so for the rest of the exercise. Each upstream user is matched with one downstream user. You will be matched with the same person during the rest of the exercise. The upstream users will decide several times on the number of hours they will use water from the irrigation channel. The upstream users will write down their earnings and the earnings for the downstream user. Thereafter, the downstream users receive the decision card and will then decide on how to react to the decision made by the upstream user. After that, the decision card will go back to the upstream user, so that he/she will get to know the reaction of the downstream user. Thereafter, the upstream user will decide again on water distribution for the next month. This exercise will be repeated several times.”

“The upstream persons (those with a triangle symbol on the ID card) are now asked to take a seat on the other side of the room. After everyone is seated again we will give you further instructions.” 

[Upstream and downstream users are seated back-to-back. We assure that there is sufficient space between each participant to guarantee privacy and to make copying from each other difficult. Once everybody is seated again, we start with the first round of the experiment.]

Part two – Water scarcity treatment (10 rounds)

[Distribute new production table and collect the old ones]. 

“We now inform you that rainfall has dropped drastically, which results in water scarcity. This means that from now on the water flow has drastically decreased. Consequently, people will need more time for the same amount of water to come through to their plot. And thus you need more hours per day to get a good harvest and high earnings. It also means that you need at least 7 hours to obtain a good harvest and high earnings. All these differences are taken up in the new production table.”

Appendix 2: Decision cards
DECISION CARD

UPSTREAM USER 
[image: image3]
Hours water use per day (during one month):


[image: image4]
UPSTREAM USER 
[image: image5]: YOUR INCOME: ……………… TSH



DOWNSTREAM USER 
[image: image6] : HIS/HER INCOME   …………….. TSH






DOWNSTREAM USER

Your reaction as downstream user:  

	Communicate your satisfaction to upstream user


[image: image7]
	Do nothing 
	Communicate your dissatisfaction to upstream user
	Call mediator to intervene

        Downstream: pay 30 TSH

       Upstream: fine 100 TSH  
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Appendix 3a: Production table (water abundance treatment)

	Hours of water per day 

(during a whole month)
	Earnings of the upstream user 
[image: image13]
	Earnings of the downstream user
[image: image14]

	0
	50 TSH
	500 TSH



	1
	50 TSH
	500 TSH



	2
	50 TSH
	475 TSH



	3
	50 TSH
	450 TSH



	4
	175 TSH
	425 TSH



	5
	250 TSH
	375 TSH



	6
	325 TSH


	325 TSH

	7
	375 TSH


	250 TSH



	8
	425 TSH


	175 TSH



	9

	450 TSH


	50 TSH

	10

	475 TSH


	50 TSH

	11

	500 TSH


	50 TSH

	12

	500 TSH


	50 TSH


Appendix 3b: Production table (water scarcity treatment)

	Hours of water per day 

(during a whole month)
	Earnings of the upstream user 
[image: image15]
	Earnings of the downstream user
[image: image16]

	0

	50 TSH
	350 TSH



	1

	50 TSH
	325 TSH



	2

	50 TSH
	300 TSH



	3

	50 TSH
	250 TSH



	4

	50 TSH
	200 TSH



	5

	50 TSH
	125 TSH



	6

	50 TSH
	50 TSH



	7

	125 TSH


	50 TSH

	8

	200 TSH


	50 TSH

	9

	250 TSH


	50 TSH

	10

	300 TSH


	50 TSH

	11

	325 TSH


	50 TSH

	12

	350 TSH


	50 TSH


100 TSH





30  TSH
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�  Respectively 88.16% and 73.68% of 228 surveyed irrigation users in the studied irrigation sites in rural Tanzania grow maize and beans on (part) of their irrigated plots. Maize and beans are the main food crops in these areas. 


� Note that provision of collective goods in the form of an adequate and adapted institutional design is of equal importance to successfully deal with appropriation challenges but as this falls out of the scope of this essay we do not consider it here.


� Although this work tries to statistically validate relations between power heterogeneity and common pool resource governance, in our view it suffers form some weaknesses that reduce the validity of the relations found. The construct validity of the measures for power distribution in the user group community can be called into question and statistical analysis suffers from uncontrolled multicollinearity and endogeneity of variables. 


� Social embeddedness refers to the complex of social positions individuals take in a group and their associated role (Okunu-Fujiwara, 2002).


� Social status can be defined as the honor or prestige attached to one’s social position, that is the position one occupies within a vertical social hierarchy in a society (Lindemann, 2007). The relative power status is strongly positively correlated with relative social status. observed that only by exception does the social power of groups not commensurate with their social status (Lenski, 1984 in: Sachdev and Bourhis, 1991).


� Apart from the ranking exercise and field experiment, an individual survey was also conducted. The survey included standard questions on socio-economic characteristics, questions on irrigation and production on irrigated fields, questions on conflicts over irrigation water and questions on networks and attitudes of trust. Apart from that, the individual survey included a field experiment measuring risk aversion and a field experiment measuring time preference. 228 randomly selected irrigation site appropriators that were identified on the participatory developed maps participated in the survey. All participants of the field experiment on irrigation also answered to the individual survey.


� Both the decision cards and production function were adapted to be understood by illiterate and lowly educated people by including symbols. These tools and detailed instructions used in the experiment are included in the annex.


� ‘Hadhi ya jamii’ and ‘uwezo’ were used as the Swahili translations for social status. ‘Hadhi ya jamii’ literally means status in society but this term is not widely used. ‘Uwezo’ means ‘ability’ and is commonly interpreted as economic ability. But by stressing to interpret ability more broadly, including the ability to attain what one wants, the influence one can have on others, the ability to being listened to and to be respected eventually participants had a common understanding of the concept social status.


� During the ranking the groups were allowed to neglect some rungs when they thought less then four categories where distinguishable according to social status. They were also allowed to add more rungs, i.e. categories.


� Social capital is defined as the structure of informal social relationships conducive to developing cooperation among economic actors aimed at increasing social product, which is expected to accrue to the group of people embedded in those social relationships (Hayami, 2009).


� Upstream users’ decisions are taken to part of a rotation strategy if they fit in a sequence of decisions where 80% of sequential decisions alternate between extracting more than equal share of resource units and extracting equal or less than equal share of resource units.


� More than half of the 11.5% upstream users rotating in the experiment in the water scarcity treatment (5 out of 9) also report in the survey to extract water following a rotation scheme in dry seasons.


� Overall, rotators are more selfish appropriators than non-rotators in the experiment. This is unexpected. A more equal resource distribution was anticipated because a rotation strategy is the only socially optimal strategy that allows harmonizing equity and efficiency.


� In what follows we systematically treat decisions by upstream that follow a rotation strategy in the experiment separately from decisions by non-rotating upstream users. Only when we deal with decisions by rotating upstream users this will be mentioned, when dealing with decisions by non-rotating upstream users this will be implicitly assumed.


� Through backward induction the expected theoretical Nash equilibrium is an appropriation level by the upstream user of 11 or 12 hours because the upstream user assumes the downstream user will not use the costly punishment. Assuming that participants do not apply such strategic reasoning, an expected potential punishment could have deterred the upstream users from outcome maximizing behavior. In such case, we would expect upstream users to opt to extract 8 hours which is less likely to invoke punishment by the downstream user because he still reaches the threshold. Then, extracting 8 hours would allow the upstream user to gain 425 which is more than the maximum payoff when extracting 11 or 12 hours minus the fine due to the downstream user’s punishment (=400). Yet only 10% of the upstream users choose to appropriate 8 hours. This leaves us to conclude there are clearly other costs or benefits that enter into the upstream users’ strategy choice. 


� The average hours extracted in abundance and scarcity treatment are significantly different at 99% confidence level.


� Data from an individual survey on randomly selected irrigation site appropriators that were identified on the participatory developed maps. We ensured that all participants of the experiment answered to the individual survey. 


� The multilevel linear regression confirms this trend but the effect is not significant (table 5 column 4)


� A trusting attitude is measured through the GSS question “Generally speaking would you say that most people can be trusted or that you can’t be too careful in dealing with people” (Karlan, 2005)


� The multilevel linear regression confirms this trend but the difference in appropriations by users of different social status is not significant.


� In support of this explanation is the fact that there is a higher percentage of gifts than donations in the low social status group.


� Ideally, the appropriation decision by the upstream preceding the downstream user’s reaction would be included in regression as independent variable explaining the downstream user’s reaction. But as the upstream user’s appropriation decision is correlated with the downstream user’s reaction from the previous round, we can not assume that upstream user’s appropriation decision is uncorrelated with the individual specific random effect.  To avoid this problem we assessed the likelihood of the downstream user sanctioning as a response to careful selfishness by excluding all downstream users’ reactions that followed other types of appropriation decisions from the sample. Later we limited the sample to downstream users’ reactions that followed severely selfish appropriation decisions to assess the likelihood of the downstream user sanctioning as a response to severe selfishness.


� Data from an individual survey on randomly selected irrigation site appropriators that were identified on the participatory developed maps. we ensured also that all participants of the experiment answered to the individual survey. 


� The positive effect of being moderately or highly trusting on sanctioning severely selfish appropriations is significant (resp. at 99%  and 85%) in the standard probit model (probit 2 table Y) but insignificant in the random components probit estimation (probit 3 table Y). 
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